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LOI NOI PAU

Trudc khi viét mdt chuong trinh che may tinh cho da don gian
nhat, bét e ai, da & trinh 4o ndo, cing déu phai suy tu it nhidu va
THUAT TOAN. Trong téng thé kién thic vé TIN HOC, cic Thuat
toin (Algorithms) cing Cau tric du lisu (Data Structures) duge
xem la nhing tri thic quan trong hang dau va khong thé thisu cho
bat ky ngudi lap trinh (ung dung hay he théng) nao mudn dat myc
dich vdi hidu qua cao nhat.

Tuy nhién, che dén nay, trong hau h&t cac &n phadm va gido
trinh Tin hoc, chc thuiit toan déu trinh bay hodc & dang qud “ndm
na” hay rudm ra qua vai vi du don gidn bang loi hay cac luu do
(flowcharts); hoc Iai qua tritu tugng khi dung dén cic khai niem
cua Iy thuy&t va do phiic tap thuat toédn. Do dd, ngui hoc cing
nhy ngudi 1ap trinh déu cam thdy thiu cic can cif tin ciy ve cho
thuat todn - nhing “diém tya” ving d& tao ra thé gidi cac chuong
trinh, phan mém... nhu thé nha bac hoe Archimede ¢ xua ting
mo ude dung cho “don biy” nang bdng ca Trai dat. Cac khidm
khuyét d6 da duge khic phuc tron ven trong cudn sich nay. N6
duge dich tron t nguyén ban tiéng Anh cudn “Algorithms” [ela
Robert Sedgewick, Princeton University (USA), Second Edition],
do Addison-Wesley Publishing Co. xuilt ban, tdi ban nhieu [an; va
nay da tré thanh mot trong céc tu ligu “kinh dign” ca vé 1y thuyét
lan thye hanh, cho ngui lap trinh trén the £idi.

Muc tigu chi chst cha cudn séch nay la tdng hop o6 he théng
cac phudng phap cd ban, tif nhigu lanh vye ing dung riéng biat,
nham cung cilp cdc gidi thuat t5t nhdt da duge kiSm chung va
cong bo, dé giai cdc bai toan cy thé bing may tinh.

Cudn sich gom 45 chuong, chia thanh 8 phan, tiucng ung theo
cic pham tri Ung dung 1dn. Céc chuong duge trinh bay theo trinh
ty tit cin ban dén cao cip. Tuy nhign, han doc cing c6 thé si dung
ting phan tuong déi doc lap, theo nhu cau rigng cia minh.



Cuén gach duge dich vi xuit ban thanh hai tap :
e Tap I (tap ndy) : Cac thudt todn thong dung, gom 23
chudng, thude bén phan diu cla nguyén ban;

& Tap II (sé xuét ban) : CAc thuat todn chuyén dung, gom 22

chuong, thudc bon phén cudi cia nguyén ban. _

[Dé ban doc tién theo ddi ndi dung va tim doc, trong MUC
LUC & cugi tap I nay, c6 in myc lyc cla ca cudn sich, tron 8
phan].

Cuén sich duge dung cho céc sinh viégn nganh Tin hoc hojic
cac d6i tugng khac da lam quen véi may tinh va o6 ky nang nhét
dinh vé lap trinh. Ho can biét van dung mot ngd trinh nao do (it
nhat la Pascal chufin, vi cac thuat todn & day duge trinh bay dudi
dang “tya Pascal”). Sach ciing hiu ich cho cac thay va tro cac
trusng Trung hoc hé dao tao chuyén Tin.

Véi tu cach mdt tai lidu tham khao nghigdm tic, cudn sich cling
héu ich cho cic can bd nghign ciu nganh khéc, hay cho nhing ai
6 nhu cau phat trién cic phan mém he théing hoc cic trinh vng
dung. Bdi 1& ngoai ndi dung thuat todn, né con cung cip chi tist
cac thong tin hitu dyng vé chi dat vk hidu qua su dyng ching.

Mzc dit nhém dich thuat di cf ghng bam sit nguyén ban, song
khong khdi con thidu sét (nhat la vé cic thuat ngd tiéng Viet con
‘nhitu ban cai); song ching t4i va Nha Xuat Ban vin hy vong cudn
sach sé dap dng ding nhu cau va duge ddng dao ban doc quan thm
d&n Tin Hoc d46n nhan, nhy mét cudn C&m Nang tra citu,
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Thu tir lién hé va gop ¥ xin gdi vé :
& Nha Xufit ban Khoa Hoe va K§ Thuat,
70 Tran Hung Dao, Ha-Noi, DT - 014.2.54786.

e Chi nhénh NXB KH&KT,
28 Dong Khéi, Q.1, Thanh phé HCM, DT - 225062,



1
GICI THIEU

Mue tidu cia quyén séch nay Ia nghien ciu mdt loat céc thuat
todn quan trong va hitu ich : cic phuong phip giai cac bai todn
thich hop vdi vige cai dat trén may tinh. Chiing ta s& d6i dign vai
nhidu linh vie 4p dung khac nhau, luén o géng tap trung vao cac
thut todn “co s8” quan trong can phai bigt va thi vi @€ nghien
ciu. Do c6 mdt hugng 16n cdc linh vyc va thuat tosin s& duge gidi
thiéu, nén ching ta s& khong thé nghién cu nhisu phuong phsp
mdt cach that chi tigt. Tuy nhidn, ta sé o8 ging bd ra di thai gian
cho méi thuat todn @& higu dude cic déc trung cha y&u cia thut
todn va chd ¥ dén cdc sy tinh t& cia né. Tém lai, muyc dich ciia
ching ta 1a hoe mot lugng 1én céc thut todn quan trong nhat duge
ding trén cdc may tinh nghy nay, dG t6t 48 c6 tha diing duge va
higu 16 gia trj cla chiing. :

DE hoc mot thuat toan tat, ta phai cai dit v chay né. Tuang
Ung véi né, mét chidn luge duge da nghi d€ hiéu cic chuong trinh
s& trinh bay trong quyén sich nay la cai dat va thi ching, thi
nghigm vdi cdc bién ths, va thir ching trén cic bai todn thyc t&.
Chiing ta s& dung ngon ng lap trinh Pascal d& ban luan va cai dat
hau hét cdc thuat tosn, tuy nhién, do ching ta chi si dyng mét tap
con tuong ddi nhé cia ngdn ngd, nén chc chudng trinh cta ching
ta co thé d& dang duge dich thanh nhisu ngdn ngi lap trinh hign
dai khac.

Cac doc gid clia quyén séch nay can o6 it nhat mdt nam kinh
nghiém vé lap trinh trong cdc ngon ngd cfip cao va cip thap. Cing
valy, cdc kién thife v& nhing ciu tric di litu don gian dung trong
cdc thuat todn cd 8 nhu mang, ngin xép, hang dgi va cay o6 thé la
hdu ich, mac dit nhing cau tric nay sé duge on lai mdt cich chi
tiét trong chuong 3 va 4. Mot sy hidu bigt od si vé 18 chic may, vé
ngdn ngt lap trinh va nhitng khai niém tin hoc cd ban khic cing
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dugdc yéu cau {ching ta sé 6n lai ching mbt cich vAn tat vho lic
thich hgp, nhung ludn trong ngi cinh cia vige gial cdc bai toan cu
thé). Mot vai linh vuc ap dung ma ta sé gip can tri thic vé s6 hoe
oo 5. Ta ciing s& ding mot vad chét lidu toan hec rit cd ban nhu
dai s tuy&n tinh, hinh hoc, va toin 10i rac, nhung khong ciin phai
o6 trude céc kién thifc v@ nhing chi dé nay.

THUAT TOAN

Khi vigt mot chuong trinh mAy tinh, ta thubng cai dat mot phuang
phép da duge nghi ra trude dé 48 giai quyét mot van de. Phuong
phap nay thuong la doc 1ap vdi mét may tinh cy thé sé duge ding :
né hiu nhu thich hgp nhy nhau cho nhidu may tinh. Trong bat k¥
truting hgp nao, thi phuong phédp, chi khong phai 1a ban than
chuong trinh mdy tinh la cii phai duge nghién ciu dé hoc cich
Iam thé nas tAn cong vio bai todn. TU “Thuit toan” duge dung
trong khoa hpe may tinh d€ mb ta mot phuong phdp giai bai todn
thich hgp cho vigc ciu dat nhu la cae chudng trinh may tinh. Thudt
toan I “chat litu” cla khoa hoc may tinh : ching la cde ddi tugng
nghién ciu trung tam trong nhiéu, néu khéng ndi la hiu hét, cac
linh vyc etia Tin hoc.

Hau hét cac thuat toan dang chi y can dén cic phuong phap t&
chiic dit lipu phie tap 4m chi trong ldc tinh todn. Cac d6i tugng
dudc tao ra theo cich nay duge goi la cic ciu tric di lidu, va
chiing cing la cac d6i tugng trung thm can nghién cdu trong khoa
hoc may tinh. Vi vay cic thuat todn va cilu tric di ligu di lien véi
nhau; trong cudn sach nay ching ta si dung quan diém la ciu tric
dit lidu £on tai nhu cac san phdm cudi cling cia cdc thulit toan. Cac
thuat toan don gian cé thé phat sinh vdi cdc cdu tric dif ligu phuc
tap va ngude lai, cac thuat todn phuc tap ¢6 thé ding cdc ciu trnic
du lieu don gian, Ta sé nghién ciu cdc tinh chit chi tiét cia nhitu
cfu tric di ligu trong cudn sich nay ; thye rva thi quyén sach nay
nén dude goi 1 “Thuat todn vi ciu tric dit ligu”.

Khi mdt chuong trinh may tinh rit 16n dang duge phat trién,
mét nd hge I6n sé phai bé ra @8 hidu duge va dinh nghia duge bai
toan sé gidi quyét, quan Iy dugc dd phide tap cla né, va phan ra no
thanh cdc van dé nho hon ma né o6 thé dé dang dugce cai dat. Thuc
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t& 1a nhidu thuat toan duge ydu cau, sau khi phan ra lai trd thanh
tam thudng khi cai dat. Tuy nhién, trong hau hét cdc trutng hop,
cd mOt vai thuét toan ma sy chon lya cda né la sdng cbn bdi vi hau
hé&t céc tai nguyén h¢ théng s& duge tieu thu @& chay cdc thuat
todn d6. Trong quyén séch nay ta s& nghign ctu mot loat cée thuat
todn oo 83, nén tang cho cic chuong trinh lén trong nhigu linh vye
ap dung.

Vige dung chung chuong trinh trong nhitng hé théng may tinh
dang nghy cang tré nén phd bign hom, sao cho trong khi nhiing
ngudi st dung mdy tinh chuy2n nghigp sé diing d&én phan 1dn cac
thuat todn trong cudn sich nay, thi ho cé thé chi can cai dat mot
phan nhé nao d6 tit ching ma thoi. Tuy nhién, vige cii dat cde
phién ban ddn gian cla cic thuat todn co od sé gidp chiing ta higu
duge ching t6t han va vi vay vige dung cic phién ban nang cao sé
higu qua hon. Cing vay, céc co ch€ cho vite ding chung phan
mém trén nhitu he théng may tinh thuting khi&n cho né khé khan
khi phai cat tia cac chuong trinh chufin &8 thyc hien mdt cach
hidu qua trén cdc cong vide dac th, khign cho cd hdi dé cai dat lai
cAc thuit toAn cd 6 s& la xdy ra thuding xuyén.

Céc chuong trinh mdy tinh thutng qua ti wu. C6 thé khong bo -
cong khi chude 4y ndi khé phai bdo dam ring mdt cai dat la higu
qua nhit c6 thé trit phi mdt thuat todn sé duge dung nhiéu fan.
Néu khodng, thi chi cin mot cai dat tuong d6i don gian va cin than
1a dd : ta 6 thé c6 mot sif tin tudng nio d6 riing né s6 hoat dong,
v& c6 thé n6 sé chay cham hon nam hay mui lan phién ban t&t
nhét ¢ thé c6, dieu d6 o6 nghia la né o6 thé chay cham hon mdt
vai gidy. Trdi lai, viec chon mdt thuat toan thich hgp ngay tir dau
c6 thé tao ra mjt sy cach bigt va ti 1¢ tit hang tram hay hang ngan
hay hon nda, ma né o6 thé chuydn sy chénh lech nay thanh hang
nhiéu phit, nhigu gi¥ hay hon nia vé thai gian.chay. Trong cufn
sach nay, ching ta tap trung vao cac cai dat hep ly don gidn nhat
cla cac thuat todn t&t nhit,

Thong thuting nhieu thuat todn khéc nhau (hay vé cai dat khac
nhau) la kha dung d€ giai quyt cling mét bai todn. Vise chon lya
thujt todn t&t nhat cho mot cong vide cy the Ia mét tién trinh rit
phic tap, thudng can dén viec phan tich todn hoe tinh vi. Chuyén
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nganh Tin hoc nghién ctu cdc vin d@ nhu vay duge goi la Phian
tich fhuat toan. Nhigu thuat toan ma ching ta s& nghién cdu da
dugce chidng minh qua viée phan tich, 1a b hidu nang rat tot, trong
khi cac thuit toin khac don gidn chi duge biét 12 da hoat dong tot
qua kinh nghigm. Chiing ta s& khong diing lai & cic két qua vé higu
nang dang k& : muc dich cta ching ta la hoc mot vai thuat todn
hgp 1y cho cdc cbng viée quan trong. Nhung ta khéng nén ding
mdt thuat toan ma khdng cé mét § tuéng ndo d6 vé nhing thi
nguydn ma né o6 thd tidu thy, nhu véy, ta sé biét dude cac thuat
toan cua ta c6 thé duge ydu cau thyc hign nhu the nho.

SO LUDQC VE CAC CHU DE

Dudi day 14 cic md ta ngén gon vé cdc phan chinh cla cudn sich,
cung cip mot vai cha d2 cy thé duge gidi thidu ciing nhy mot dau
hidu nao d6 vé khuynh hudng tdng quat cia ching ta d€ tign tdi
cic ndi dung. Tap cic chi dé nay dy dinh d& cap d&n cang nhidu
thuat todn od s chng tat. Mot vai linh vye duge gidi thidu la cic
linh vye tin hoc “ ¢dt 16i ” ma ta s& nghién citu chi tist dé hoc cac
thuit todn od ban b dng dyng réng rai. Nhing linh wvye khac la
cde linh vuc nghién ciu cao cAp trong Tin hoc va nhing linh we
c6 litn quan nhu gidi tich s3, cic phép toan tim kigm, ki#n tao
trinh bién djch, va Iy thuyét thuat todn - trong cédc trudng hgp nay
sy ban luin cla chiing ta s& duge ding nhu mdt gidi thigu vé cic
linh vye nay qua viéc khao sit mdt vai phuong phap cd ban.

PHAN CO SO trong ngd canh ctia quyén sich nay la cée céng
cy va phuong phap duge dung xuyén sudt cho cic chuong sau. N6
£om mdt ban luan ngin vé Pascal, theo sau 1 mot gidi thidu vé cac
cfiu trdc d lidu co ban, gdom mang, xau lign két, ngin x&p, hang
dgi va cay. Ching ta sé ban v cong dung thyc tién cia 48 quy, va
gidi thidu cich tigp can co bin cla ching ta hudng tdi viee phan
tich vh cai dat cdc thuit todn.

SAP XEP : Céc phuong phép dé sip xép lai cic tap tin theo
thit ty 1a o6 tam quan trong oo ban va duge gidi thidu chi tigt. Mot
loat cac phudng phéap sé duge phat trién, duge md ta va duge so
sénh véi nhau. Cac thuat todn cho nhidu vin d2 o6 litn quan s
duge xem xét, gom o6 hang d¢i vu tién, phép chon va phép tron.
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Mot vai thuat toan trong st nay dugc ding nhu 13 nén ting cho
cac thuit todn khac tigp sau trong quyén séch.

TIM KIEM : Csc phudng phap d€ tim cic vat trong cac tip
tin thi cing cé tam quan trong cd ban. Ching ta s& ban luan va
chc phuong phap oo bin va nang cao d€ tim kigm bang cach diing
cly va cdc phép bign ddi khoa 8, ké c chc cay tim ki€m nhj phan,
cAy can bang, phép bam, cay tim kigm s5 va trie, vd cac phuong
phap thich hgp cho cac tap tin it l6n. Cac méi quan hg gitta
nhing phuong phap sp x&p cing duge chi ra.

Céc thuat todn XU LY CHUOI gom mot loat cac phuong phép
dé phan tich cau. Cac k¥ thuat nén tap va mat ma cing s& dugc
khao sat. Cing vay, mot gidi thidu vé cic chy dé nang cao cing
duge cung cAp, qua vite xem xét mot vai bai toan cd ban quan
trong trong pham vi cida chiing.

Cac thugt toan HINH HOC la mt sy tap hop o6 chon loc cde
phuong phap d8 giai quyst cac bai toan lign quan d&n diém va
dubng (va cac d6i tugng hinh hoc don gian khac) ma chi gan day
méi trd nén thong dyng. Ching ta s6 xem xét cdc thuit tosn d&
tim bao Idi clia mot tip cac difm, a8 tim céc phan giao gida cac d6i
tugng hinh hoe, dé€ giai cac bai toan didm g3an nhat, va 48 tim ki€m
nhigu chitu. C6 nhidu phuong phap trong s8 nay hé trg t5t cho chc
phuong phap sip x&p va tim ki€m oo ban khéc.

Céc thuat todn PO THJ hiu ich 48 gidi mét loat cde bai todn
khé va quan trong. Mot chién luge téng quat @8 tim kisn trén cac
do thi s& duge phat tridn va duge ap dyng cho cae bai todn lien
théng cd ban, gom c6 duding di ngén nhat, cay lién théng t5i thiéy,
mang, va so khdp. Mot sy xem xét théng nhat d5i véi cdc thuat
todn nay ching to rang tit ca déu dya trén cung mot thi tuc, va
thi tuc nay phu thudc vao mdt clu tric dit lidu od ban da duge
phét trién trude d6.

CAC THUAT TOAN TOAN HOC gom céc phuong phap co
ban tit s hoc va gii tich s&. Chiing ta s& nghién cuu cac phuong
phap lign quan vé6i s hoe céc s§ nguyén, da thic, v ma trén cing
nhu cac thuat todn dé giai mot loat cdc van d2 toan hoc ma né phat

X,

sinh trong nhidu ngit canh : vide tao 8 nghu nhién, 15i giai cia cic
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phuong trinh dong thui, xdp xi di¥ lidu, va 1dy tich phan. Sy nhdn
manh thién vé cac khia canh thudt toén cia phudng phap, chi
khong phai trén nén tang todn hoc.

CAC CHU PE CAO CAP duge thio luan nham muyc dich lien
he chc chét lidu trong cudn sach v6i nhiéu linh viye nghién cdu cao
cAp khdc. Phan cdng chuyén dyng, quy hoach dong, quy hoach
tuyén tinh, tim ki®m vét can, va vin de NP- day di sé duge xem
xét tir mdt quan diém cd ban dé cho ddc gia c6 mit sy danh gia nao
d6 dsi vai cac linh vie nghién cdu cao ¢dp déng chi y da duge goi
ra bdi cdc van dé co ban duge bit gap trong cudn sich nay.

Viec nghién ciiu cdc thuat toan Ja thi vi vi né la mdt linh vife
mdi (hau nhu tat ca cac thuat todn ta s& nghién ciu la o6 tit 25
nam trd lai day) vai mdt truyén thong phong phd (mot vai thuat
toan da dugc biet tit hang ngan nam trude day). Nhing kham pha
méi dang dugc tao ra hang nghy, va mot it thuat toan la duge hidu
hoan toan. Trong quyén sach niy ching ta s& xem xét cic thuéat
to4n rdc roi, phiic tap va khé ciing nhu cac thuat todn dep, don
gian va d&. Myc tidu cla ching ta la hidu dugc cc thuat toin
thude nhém trude va danh gia ding cac thuit todn thupe nhom
sau trong ngit cinh ciia nhiéu ung dung khéc nhau c6 thé cb.
Trong khi lam nhua vay, ching ta sé khao sdt mot loat cac cong cu
hiu ich va phat trién mdt phuong phap “tu duy thuat todn™ ma né
sé hd trg tit cho chiing ta trong cic thit thach tinh toan sip tai,



2
PASCAL

Ngbn ngit lap trinh duge ding xuyén sudt cusn sich nay la
Pascal. Moi ngdn ng déu c6 nhing diém hay va d& cia né, va vi
vily vigc chon lya bat ky mét ngdbn ngd nao cho mét cudn sach
gidng cudn niy sé c6 nhing uu diém va nhuge didm. Nhung nhizu
ngon ngi lap trinh hién dai thi tuong ty nhau, do 46 bing cich
dung twong doi it céc ciiu tric ngdn ngd va tréanh céc quyst dinh
cai dat dya trén cac dac tinh riéng cla Pascal, ching ta sé phat
trién duge cAc chuong trinh ma mé dé dang 6 thé djch thanh cac
ngdn ngit khic. Myc dich cla ching téi 1a trinh bay cdc thuat toan
thea mét dang don gidn va tryc ti&p nhat c6 thé; Pascal cho phép
ching ta lam duge dieu nay,

Cac thuat todn thubng duge dién ti trong cde gido trinh va cc
bdo cdo nghién cttu bang nhing ngdn ngidt tudng tugng - khong
may Ja didu nay thudng lam md di cac chi tist va lam cho doc gid
riit kh6 c6 mot cai dat hau dyng. Trong quyén séch nay ching tai
6 quan diém la : mt trong cac cich t5t nhit 6 hidu mot thuat
todn va dé lam cho vige sit dyng ching tré nén c6 gia trj la trai qua
kinh nghiém bang mét chi dat thuc su. Pascal c6 dac tinh la dang
dudge dung rdng rai, va dde gia duge khuydn khich 48 trd thanh
quen thube véi mdt méi trudng lap trinh Pascal cyuc bo. Cac cai dat
Pascal trong quyén sich nay la cdc chuong trinh chay duge ma né
dy dinh sé dugc chay, dude thi nghigm, duge sita d5i va duge st
dyng.

Lgi di€m cia vige ding Pascal | né duge dimg rong réi va c6
nhiing dc trung co ban tuong ty nhu cic ngdn ngd iap trinh hién
dai khdc, bt lgi 1a n6 thi€u nhidu dac tinh can cho céc thut toan
tinh vi (vh c6 sin trong cdc méi trudng lap trinh khac). Mot vai
chuong trinh ma ta s& gap o6 thé duge don gian héa bang cich
dung céc dic trung ngbn ngi cao cdp hon (mdt s8 khong o6 trong
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Pascal), nhung didu nay thyc sy thutng it xay hon la ngudi ta c6
thé nghi. Khi thich hdp, viéc ban luin vé cdc chuong trinh nhu vay
$& gidi thidu cac k&t qua ngdn ngit thich hep.

Mot md ta stic tich ctia ngdn ngi Pascal duge cho trong quyén
““Pascal User Manual and Report” cia Wirth va Jensen ma nd
ding nhu mét djinh nghia cho ngdn ngt. Muc dich cia chiing ta
trong chuong nay khéng phii la nhéc lai cic thong tin tit cudn
sdch d6 nhung la 48 nghién cdu vige chi dat cia mdt thuit todn
don gian (nhung 6 dién) ma né minh hoa mdt vai dac trung cd
ban clia ngdn ngi va kidu thitc ma ching ta sé s dung.

Vi du : Thuat toan Euclid

DE bit dau, ching ta sé xét modt chuong trinh Pascal d& giai
mét bai todn co ban cf dién : “Tai gian mét phan s8 cho trude”.
Ching ta mudn viet 2/3, chid khéng phai 4/6, 200/300 hay
178468/267702. Giai bai toAn nay tdong dtrdng vdi viée tim udc s
chung 16n nhat (USCLN) ctia ti¥ 83 vA miu s8 : 5 nguyén 16n nhat
chia hét ca hai. Mot phan s8 duge tai gidn bing cich chia ca tu 1an
méu cho USCLN cla ching. Mdt phuong phap higu qua dé tim
USCLN da duge kham pha boi ngusi Hy Lap 8 dai trén 2000 nam
trude : néd duge got la thuit toan Euclid vi né duge giai thich chi
tiét trong ludn 4n ndi tiéng cua Euclid 1a “Elements”.

Phudng phap clia Euctid dya trén sy kign 1 néu u lén hon v
thi USCLN cta u va v bing véi USCLN cta v va u-v. Nhan xét nay
~ dan tdi cai dat bang Pascal 8 trang sau,

Trude tién, ching ta xem xét cdc tinh chat clia ngbn ngi duge
dua ra boi chudng trinh nay. Pascal c6 mit ci phdp cip cao chat
ché ma no cho phép dinh danh d& dang cac dac trung chinh ctia
chudng trinh. Cac bign (var) va cac ham (function) duge ding bai
chuung trinh thi duge khai bdo trudc tign, theo sau la than cia
chugng trinh (cic phan chudng trinh chinh khac khong duge dung
trong chucng trinh trén, ma noé cing duge khai bdo trudc than
chuong trinh, la constants va types). Cdc ham ¢6 cing dang nhu
chuong trinh chinh ngoai trir ching tra v& mot gia trj, ma né duge
dat lén bing cich gin mdt cdi gi o vio tén ham trong than cla
bham (function 1a mdt kifu “thu tuc con” trong Pascal - kiéu con
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program Euclid (input, output) ;
var x, y : integer ;
function USCLN (u, v : integer) : integer ;
var ¢ integer ;
begin
repeat
if v <v then
begint =u;u:=v;v:=t
end ;
U=y
untilu =0 ;
USCLN :=v
end ;
begin
while nof cof da
begin readinix,yj ;
if (x>0} and (y>0) then writeln(x, y, USCLN (x, yi)
end ;
end,

lal, ma n6 khdng c6 gia tri tra vé la procedure (thi tuc)). Ham cb
san readin doc mdt dong tit ngd nhap (input) va gan gia tri tim
thay vao cdc bign da duge cho nhu cic tham 8 ; writeln thi tuong
tu. Mot tan tit chufin ¢6 sin, eof, duge dat la “ding” (true) khi
khong con di ligu nhap nao khdc (viéc nhap va xuit trong mot
dong c6 thé dung dude véi read, write, va eoln). Viee khai bao cia
input va cutput trong cu lénh chuong trinh chi ra ring chuong
trinh dang st dung cac dong nhap va xuat “chusin”, '

Than cua chuong trinh trén thi tam thutng : né doc cic cap 5
tr ngd nhap, sau d6, néu ca hai déu dudng thi ghi ching va
USCLN cia ching ra ngd xuAt (diéu gi sé xay ra néu hiun USCLN
duge goi v6i u vA v 1a Am hay bing 0 7).

Ham USCLN cid dat chinh thuat toin coa Euclid : chuang
trinh la mét vong lap ma n6 dau tien bao dam 1a u >= v bing cich
trdo d6i ching, néu can, va sau d6 thay u bing u-v. USCLN cta
cac bign u va v thi ludn ludn gisng véi USCLN cia cdc gid tri ghe
duge dua cho thu tuc : cudi cling tién trinh két thuc véiu = v, ca
hai cliing bang v6i vioi USCLN cta cdc gid tri ban dau (va tat ci cac
gid trj trung gian) cda u va v.
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Thi dy nay duge viét nhu mot chuong trinh Pascal hoan chinh
ma doc gia c6 thé mudn ding dé trd thanh quen vdéi he thong lap
trinh Pascal nao d6. Phan “didu khién” clia chuong trinh doe vao
cdc cap 6, sau do ghi chung ra cang véi USCLN cua ching. Thi
du nay duge dua vio @8 minh hoa Jam th& nio d& thyc hamh thuat
todn, va dé nhan manh mot diém la cdc thuat toan trong cudn sdch
nay s& duge hidu tt nhat khi ching duge cai dat va dugde chay trén
mdt vai gid tri nhap mAu. Tuy vao chat lugng cia mdi truding g& 151
o6 sin, doc gia c6 th8 mong mudn trang bj thém cho cic chudng
trinh. Vi dy nhu cac gia tri trung gian duge ldy béi u va v trong
vong lap repeat la diang quan tAm trong chudng trinh & trén
chéAng han.

Mac dit chi dé cia ching ta trong phan nay la ngdn ngy,
khong ph'u la thuat todn, chiing ta phai bigt danh gia ding thujt
todn cd dién cia Euclid : cai dat & trén c6 thé duge nang cap bi‘mg
cach chi ¥ rang khi u>=v, ta ti€p tyc tri bt u mdt boi s6 cda v
cho téi khi gap mét s6 nho "han u. Nhung s8 nay chinh 1a phan du
con lai sau khi chia u cho v, ma n6 la gia tri ham meod tinh duge:
USCLN cua u va v chinh 13 USCLN cia'u vh u mod v. Vi dy,
USCLN clia 461952 va 116298 14 18, nhu dude chi ra bai day
461952, 116298, 113058, 3240, 2898, 342, 162, 18. (Mbi s8 trong
day nay Ia phan du cdn lai sau khi chia hai s8 ding trude cho
nhau). Dpc gia c6 thd mudn sia d6i cai dat & trén dé dung toan ta
mod va luu ¥ xem sita ddi dé hiéu qua hon bac nhigu khi, vi dy
nhy, tim USCLN cla mot s5 rit 16n va mdt 6 rét nho. Héa ra
thuat todn nay ludn st dung mot si bude tuong doi nha.

KIEU DU LIEU

Hau h&t cAc thuat todn trong quyén sich nay thao tac trén cdc
ki€u dd lidu don gian : s8 nguyén, s6 thyce, cic ky ty, hay chudi ky
ty. Mot trong nhitng dac trung quan trong nhit cua Paseal 1a kha
ning tao nén cac kifu di ligu phic tap hon tit nhing khéi xay
dyng od sd nay. Day 14 mt trong nhing dac trung “cao cip” ma
ta tranh ding, d€ gitt cho cac vi dy cfia ching ta don gidn va gi®
cho trong tam cua ching ta tap trung viao tinh cd dong cia edc
thuat tedn thay vi cac tinh chit cia di lidu cia ching. Ching ta
tranh diu d& dat duge didu niy ma khang lam mit di tinh khai -
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quét, That vay, tinh rdt d2 ding cia céc dac trung cao cip nhu cta
Paseal cung cap s& khi&n cho ta d& dang chuyén mot thuat toan ti
mdt “thi d6 chdi” ma né thao tc trén cac kifu dit lidu don gian
thanh mot “thd ngya thd” ma né thao tdc trén cAc miu tin
(record} phitc tap. Khi cdc phuong phép oo s6 duge mo ta tdt nhat
bang thuat ngd cia cdc kifu do ngudi dung dinh nghia, thi ta sé&
lam nhu vay. Vi du, cde phudng phap hinh hoc trong cac chuong
24 dén 28 la dita trén cic kiéu danh cho diém, doan thing, da giac,
v.v...

Doi khi c6 truong hgp 1 bidu dién cdp thip thich hgp cha dit
litu lai 1a chia khéa cho higu suiit. Mot cich ly tudng, 14 phuong
phdp ma mot chucng trinh thyc hién khong nén phy thudc vao
viéc 1A cdc 86 sé duge bidu dién nhu thé nao hay cic ky ty duge nén
nhu th& nao (nhiat ra hai vi du), nhung cii gia ma ta phai tra va
higu suat qua viec theo dudi y tudng nay thudng la qua cao. Céc lap
trinh vién trong qud khi da dap @ng trudng hgp nay bang cich
thye hign mjt bude nhay manh mé téi hgp ngd hay ngdn nglt may,
G @6 c6 it rang bude vé biéu diért. May mén thay, cic ngdn ngd cip
cac hign dai cung cip cic od ché dé tao ra cac bidu dién “nhay bén”
ma khong phai di tdi cic thal cyc nhu vay. Didu nay cho phép
ching ta thudng thite duge mdt vai thuat toan cf dién quan trong.
Di nhién, cic od ch& nhu vay nhat thigt 13 phy thude may, va
chiing ta s& khong xem xét chiing qu4 chi chi ti&t, ngoai tri 1a d&
chi ra khi nao thi chuing thich hgp. K&t qua nay duge ban luin chi
tiét hon trong cac chusng 10, 17 va 22, trong d6 cde thulit todn
dya trén céc bidu dién nhj phan cla d lidu duge xem xét.

Ta ciing ¢ ging tranh doi phé vdi cac két qua bidu dién phy
thudc may khi xem xét ciac thuit toan ma nd thao tac trén cic ky
ty va chubi ky ty. Thong thuiing, chiing ta ddn gidn héa cac vi du
bang cach chi lam viéc vdi cdc k¥ ty in hoa tUt A téi Z, dung mbt
ma don gidn véi ky ty tha i cda bing ch cii duge bidu difn boi s
nguyén i. Bidu dién cia cdc ky ty va cdc chudi ky ty la mdt phan
o ban trong giao tidp gida ngudi lap trinh, ngdn ng lap trinh va
may, ma ngudi ta nén bac dam la hidu né day @4 trudc khi cai dat
cic thut todn dé xi 1y cic da ligu nhu vay. Cic phueng phap da
cho trong,quydn sich nay dya trén cic bidu didén da duge don gian
héa thi dé dang duge thich ¥ng.
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Chiing ta diung s8 nguyén (integer) bat c khi nao o6 thé. Cac
chudng trinh ma né xd ly cdc s6 thyc (real) roi vao linh vyc cla
giai tich s6, Cy thé la hidu ning cia ching bj rang budc mat thist
vao cdc tinh chét todn hoc cla biéu dién. Ching ta sé trd lai van de
nay trong cdc chudng 37, 38, 39, 41 va 43, trong d6 cd mot vai
thuat todn s8 co ban duge ban dén. Tam thoi, chiing ta bam vao s8
nguyen ngay ca khi s8 thyc 6 thé 1a thich hgp han, d8 tranh sy
khong hidu qua va khong chinh xic thudng gén lien véi cac bidu
dién “dau phdy dong”. :

NHAP/XUAT

Mot linh vyc khac 6 syt phu thude mdy dang k& la tuong tac gita
chuong trinh va dd ligu cia né, thudng duge xem nhy nhap-xuat,
Trong cdc h¢ ditu hanh, thuat ngd nay c6 litn quan t6i vise
chuyén dit lidu gita médy tinh va moi truting vat Iy nhu bang tif hay
dia : chung ta s2 dung dén céc chi dé d6 chi trong cac chudng 13
va 18. Thong thudng nhét-1a ching ta chi don gidn tim mot cich
6 he thong dé nhan dif lidu va phit sinh cic k&t qua ti cde cai dat
ctia cdc thuat toan, vi dy nhu chudng trinh USCLN & trén.

Khi “doc” va “ghi” dugc thyc hign, ching ta sé dung cdc dac
trung chufin ciia Pascal nhung o8 gng s dung cang it cang t5t
cc phudng tién dinh dang bé sung. Mot lan nia, viec lam nay la
@€ gi¥ cho céc chuong trinh sic tich, d& mang chuyén va dé
chuy&n ddi : mot cdch trong d6 ddc gia o6 thd mong mudn sita d6i
cac chudng trinh 1a thém thit cic giao ti€p clia ching véi lap trinh
vien. Mot vai mdi truting 1ap trinh Pascal hay cdc méi truting hién
dai khdc thyc sy ding read hay write d8 lien he dén modt moi
trutng ngoai : thyc sy la ching thutng lién hé t6i cde “thist bi
luén Iy” hay cac “dong” dir lieu. Vi vay, két xuit cla chuong trinh
c6 the duge dung nhu dif ligu nhap cho mdt chuong trinh khac, ma
khong can bit ky mot phép doc hay viét vat Iy nao. Xu hudng bign
thanh dong viéc xd Iy nhap/xuét trong cic chi dat cia chiing ta sé
khign cho chiing trd nén hiw ich hon trong cac méi trutng do.

Thye sy, trong nhigu méi trutng lap trinh hign dai, that thich -
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hap va kha d& dang dung cac biéu dién hinh anh nhu nhing cai da
duge dung trong cdc hinh vé xuyén sudt cudn sach {nhu da duge
md ta trong Epilog, cac hinh anh nay da thyc sy duge sinh ra bdi
chinh cic chuang trinh d6, vai mdt giao dign da duge tham thit
mét cich rit ¢d ¥ nghia),

Nhiéu phuong phap ta s& ban dén duge dy dinh ding trong céc
h¢ thong Wng dung ldn hon, vi vily mdt cich thich hop hon cho
ching dé nhan duge dif lidu clia minh la qua cac tham s8. Day la
phuong phip dugc ding cho thd tuc USCLN & trén. Cing vay,
nhiéu cai dit trong cac chuong sau nay cia cudn sich diung dén
céc chuong trinh tit nhitng chuong trude d6. Mot [an nia, dé tranh
lam chéch hudng chu y cia ching ta khoi chinh cdc thuat todn,
ching ta chdng lai sy cim db la “déng gbi” cac cai dit cho vide st
dyng ching nhu la cic chuong trinh tién ich tdng quat. R5 rang la
nhidu chi dat ma ching ta nghién ciu la hoan toan thich h¢p nhu
mot diém khdi dau che cde trinh tién ich nhy vay, nhung modt s&
lugng 1én cdc van dé vé phy thupc hé théng va phy thude ing dung
méa chiing ta bo qua & day s& phai duge giai quydt mdt cich thau
ddo khi phat trién nhing géi chudng trinh nhy vay.

Théng thuting ching ta viét cic thuat toan thao tac trén céic
da lidu “toan cyc”, d8 tranh viée truyén tham s6 qua nhidu. Vi dy
nhu ham USCLN c6 thé thao tic tryc ti€p trén x va y, thay vi
dung cdc tham 3 u va v. D6 khong phai la mot sy bién hd trong
truting hgp nay vi USCLN la mot ham duge dinh nghia t8t véi hai
cal nhap cia né. Tuy nhién, khi nhigu thuit todn thao tic trén
cung dq liéu, hay khi cd mit sd lugng I6n da ligu duge truyen di,
thi ching ta s& dung cac bign toan cyc @8 tist kidm trong viec dién
dat cAc thuit toin va dé tranh vigc chuyén cic dit litu mot cich
khong can thigt. Cac dac trung cip cao co trong Pascal va cac
ngdn ngk cing nhu cic he thdng khde sé cho phép digu nay duge
thyc hién mdt cich sach s& hon, nhung, mét [an nita, khuynh
hudng cta ching ta la trdnh cdc sy phy thude ngdn ngd nhu vay
khi co thé duge.
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r I L ’
CAC LUU Y KET THUC
Nhieu vi dy khéc tuong ty chuong trinh Euclid 6 trén da dude cho
trong “Pascal User Manual and Report” va trong cac chudng sau.
Doc gia duge khuyén khich db trong “manual”, cai dat va kiém tra
mét s6 chudng trinh dan gian va sau 46 doc “manual” mot cdch
cin than dé trd nén that quen vdi hau hét cdc dic trung cla
Pascal.

Cac chudng trinh Pascal duge cho trong cudn sach nay dy djnh
s& phuc vu nhu la ede md ta chinh x4ac cta cac thuat todn, nhu la
cdc vi du vé cac chi dat tron ven, vh nhu 1a diém khdi dau cho cac
chudng trinh thyc t&. Nhu da luu ¥ & trén, cac doc gia da quen
ding cdc ngon ngd khdc s& gap mit it khé khan khi doc cdc thuat
toan duge biéu dién bang Pascal va sau @6, khi cai dat ching trong
mot ngdn ngd khae. Vi dy, chudng trinh sau 1a mdt cai dat cla
thuat toan Euclid trong C,

# include <stdioh>
main ()
{ .
b X, ¥,
while (scanf (“%d %d”, & x, & y) I = EQF)
iffia>=0) && (y>=0))
printf (“%d %d %d\n", x, y, USCLN .,y 1);

int USCLN (u,v)
thtiu, v,
{
intt;
do {
if fu)
ftzu;u=v;v =t}
M= U
hwhile fu! = vl;
return (i) ;

}

Dboi véi thuat toan nay, gan nhu c6 mot sy tuong ung 1-1 gida
cAc 1énh cia Pascal va C, nhu dy kign, m#ic du ¢6 nhing cai dat
siic tinh han trong ca hai ngbn ngtt.
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BAI TAP

1. Cai dat phieén ban cé dién cia thuat toan Euclid nhu da mé ta
trong tai ligu.

2. Kiém tra xem cdc gid tri nho mi he théng Pascal cia ban tinh
duge cho u mod v khi u vh v khong nhét thigt 1a duong.

3. Cai dat mot thd tyc dé t3i gian mot phan s8 cho trude, bang
cach dung mot kidu
type fraction = record numerator, denominator: integer end;

4. Vit mdt ham function convert : integer ma né doc vio mot so

thip phan tung ky tu (so') & mdi thai didm, k&t thuc bdi khoang
tréng, vh tra vé gia trj cda s§ 6.

5. Vigt mdt thu tuc procedure blnary {x : integer) ma nd in ra
dang nhj phan tuong dudng cia mot s5.

6. Hay cho tit ca cac gia tri ma u va v 1y khi USCLN duge goi vii
lanh goi khdai dau i USCLN (12345, 56789).

7. Chinh xic cé bao nhigu lénh Pascal duge thi hanh cho lenh goi
trong bai tap trude ?

8. Viét chuong trinh @8 tinh USCLN clia ba s nguyén u, v va w.

9. Tim cap s0 16n nhit cé thé bigu dién duge nhu cdc sb nguyén
trong ha thdng Pascal ciia ban ma USCLN cua ching la 1.

10. Cai dat thuat toan Euelid bhing FORTRAN hay BASIC.



CAC CAU TRUC DU LIEU
CCO BAN

Trong chudng trinh nay, ching ta s& thao luan cic phuong
phap co ban cia vige t6 chice dif lidu ding cho vige xu ly bdi cac
chuong trinh may tinh. Déi véi nhieu 1ing dung, vigc chon lya cau
tric da ligu (CTDL) thich hgp sé thyc sy la quyét dinh duy nhat
quan trong duge ngAm hiéu trong vide cai dat : mot khi chon lya
da dudge tgo ra, thi chi cAn d&n nhitng thuat toan rit don gian. Da&i
vdi cing mot di lidu, mot vai CTDL can d&n nhigu hay it ché hon
nhitng cai khic ; déi vdi ciing cac thao tac trén dd lidu, mot vai
CTDL dan tdi cdc thuit toan hidu qui hon hay kém so vdi nhimg
cdi khac. Chi dé niay sé thuong lap lai xuyén sudt quyén sach nay,
vi viée chon lya thuat todn va CTDL dude quyén chit vho nhau, va
ching ta tiép tyc tim kigm cdc phuong phap dé tiet kiem thai gian
hay khong gian biing cach tao ra chon lga niyy mdt ciach thich
ding.

Mét CTDL khong phai ia mdt dbi tugng thu dong : chuing ta
cing phal xem xét cic thao tic s& duge thye hién trén nd (va
nhing thuat toin duge diing cho cdce thao tac nay). Khai nigm nay
dugc chuin hoa trong khdi niém ctia mot kieu di léu triru tugng
ma chunO' ta s& ban & cudi chuong nay. Nhung mdi quan tam chu
yéu clia ching ta la cac cai dat cy the, va ching ta sé tap trung vao
cde bigu dién v thao téc cu thé.

Chung ta sé xem xét mang, xau lién kdt, ngan x&p, hang dgi, va
cac bign thé don gian khdc. Day 14 cic CTDL b dién véi tinh \ing
dung rOng rii : cung vdi ciy (xem chudng 4), chiing tao thanh nén
tang cho hau nhyu tit ca cac thuat todan dudce xét trong cudn sdch
nay. Trong chuong nay, chung ta xem xét cac biéu dién cd s va
ciac phuong phap co ban @& st dyng cAc ciu tric nay, thuc higén
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qua mdt s& vi dy dac thii vé tinh ng dung clia ching, va thao tuan
céc chu d& c6 litn quan nhu quan 1y bd nha.

MANG
(array)

Cé 1& CTDL cd ban nhat la mang, duge dinh nghia nhu 1a ciu tric
nguyén so trong Pascal vk hau hét cic ngdn ngi lap trinh khic.
Mot mang la modt s8 6 dinh cac mau dit litu duge chita mot cich
lign tuc va co thé duge truy xuit bai mét chi myc (index), Ching
ta col phan @ tht i cla mdt mang a nhu la a(il. Trach nhiém cta
ngudi 1ap trinh la chidta mét cai gi d6 6 nghia trong vi tri mang
aft] trude khi tham khao tdi né; sao lang didu nay 12 mat trong
nhing 16i lap trinh ph& bign nhat.

Mot vi du don gian cla viée dung mot mang cho bdi chudng
trinh sau, mi né in ra tit cd cdc s0 nguyén t& nho-hon 1000.
Phudng phap duge si dyng, ra doi tir the ky thd 3 trude Cong
nguyén, duge goi la “sang Eratosthenes” :

progiam primes {input, output) ;
const N = 1000 ;
var «.array /1. .N]of boolean ;
t, jrinteger;
begin o/1/:= false; fori:=2toNdofi] = true;
fori;=2to N div 2 do
forj:= 2 to Ndividoafi*f] = false;
fori.= I toNdo
if o/t then writefi:4);
end,

Chuong trinh nay sit dung mot mang cé kidu cic phan ti don
gian nhat, la cic gia tri luan ly. Muc dich cia chuong trinh la dat
ali] vé “ding” (true) néu i la s& nguyén t8, “sai” (false) néu khong.
N6 lam diéu nay bang cdch, vai méi i, dat phan t mang tudng ng
véi mdt bdi 50 cla i 1 false vi bat ki mdt s6 niio ma 13 mdt boi cia
bt ki mdt <8 khac thi khong thé la nguyen t4. Sau d6 né di hoc
theo mang mdt [an nia, in ra cdc s nguyén td. (Chuong trinh nay
o thé duge lam cho hidu qua hon bng cich them lénh kidm tra if
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ali] then trude vong lap for cho j, vi néu i khong la nguyén t8, thi
tat ca cic phan tif mang tudng dng véi tit ca cic bdi cla né da
phai duge danh dau i), Luu ¥ la dau tien mang duge “khdi dong”
d€ chi ra ring khdng c6 mdt s& nio duge bitt sé I phi nguyén t&:
thuat todn sé dat vé false cac phin tif mang tudng dng vdi cic chi
muc ma né dugc bigt 1a phi nguyén t8. _

Sang Eratosthenes la trudng hgp dac trung trong sé cac thuat
todn mia né khai thac sy kign 1a bat ky mét phan & ndo trong mot
mang cing o6 thé duge truy xuit mdt cich hidu qua. Thuat toan
cing truy xuit cidc phan ti cia mang mot cach tuln tu, cii nay
sau cdi kia. Trong nhidu dng dyng, thi ty tuan ty 1 quan trong ;
trong cac Ung dung khac thu ty tuin ty duge si dyng do né ciing
tot ngang vai bat k¥ mdt thi ty nao khac. Nhung dac trung chd
yéu cua cac mang la, ndu chi myc da duge bigt, thi biat ky mot
phin ti ndo cling deu o6 thé dude truy xudt trong thai gian khang
dai,

Kich thudc cia mang phai duge biét trudc; trong Pascal, nd
phai duge bigt vao lic djch. D& chay chuong trinh & trén véi mbt
gia tri khac cta N, thi can phai thay d6i hiang s6 N, sau d6 bién
dich va thi hanh lai. Trong mdt vai méi truting lap trinh, c6 thé
khai bao kich thude cia mdt mang vio lic chay (sao cho, vi dy nhu
ngudi ta cb thé gd vao mot gia tri cla N, va sau d6 chudng trinh sé
tra loi véi cac 58 nguydn t6 nhoé hon N ma khong bo phi bd nhd do
phai khai bao mdt mang 16n bang vdi bat k¥ mét gia tri nao ma
ngudi sit dung duge phép gd vao), nhung tinh chit co ban cia
mang van la c6 kich thude of dinh va phai dudc bigt trude khi
chiing duge sd dung.

Mang Ja ede CTDL cd ban trong d6 ching o6 mdt sy tuong Wng
tric tifp véi cac hé thong bd nhd trén hau hét cic may tinh, Dé
nhan duge ndi dung mdt ti (word) cia bd nhd trong ngdn ngd
may, ching ta cung cAp mét dia chi. Vi vay, ta cf thé nghi vé toan
thé ba nhd nhu 12 mét mang, vdi cac dia chi bd nhd tudng ung véi
cac chi myc mang. Hau hét cic bd xd 1y ngdn ngld méy tinh dich
ciac chuong trinh ¢6 mang thanh cac chugng trinh ngdn ngd may
kha hidu qua mi né truy xuit bd nhé mdt cach trye tiep.
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Mot cach tuong ty khdc @8 ciu tric cac thong tin la ding mdt
bang s8 hai chidu duge té chite thanh hang va cbt. Vi dy, mdt bang
diém cia cdc sinh vién trong mdt hoc trinh cb thé c6 mbt hang cho
mbi sinh vién, mot cdt cho mdi diém. Trén mgt may tinh, mot
bang nhu vay s& duge bidu didn nhy mot ming hai chitu véi hai chi
myc, mt cho hing va mot cho ebt. Cae thuat todn khdc nhau trén
cic cAu tric nhu vay 1a don gian; vi du, 48 tinh didém trung binh
cla mot cdt diem, ta cong 4t ca cdc phan ti trong mat cdt va chia
cho s8 hang; dé tinh diém trung binh ciia mot sinh vien cu thé
trong hoc trinh, ta cdng tat ca cac phan t& trong mat hang 1%i chia
cho s5 ct. Cdc méng hai chiéu duge ding rong rii trong cdc \Wng
dung loai nay. Thyc sy, trén méot may tinh, thutng la dé dang va
kha don gidn khi ding nhigu hon hai chigu : mbdt giam hoc cé the
ding mét chi myc thi ba @8 giit cic bang didm sinh vién cho mbt
day cic nim hoc.

Mang ciing tuong tng tryc tifp véi cde vector, mot thuat ngi
todn hoc diing cho mot danh séch céc ddi tugng o6 chi muye. Tuong
ty, cdc mang hai chidu tuong ng véi cde ma tran, Ching ta sé
nghién ciu cic thuit todn 48 xd Iy cac dai tugng todn hoc nay
trong cic chudng 36 va 37.

~ L. L.
XAU LIEN KET
(linked list)
CTDL eo ban thi hai can xem xét la xau lign két, duge dinh nghia
nhu 1a mdt ciu tric nguydn so trong mét vai ngdn ngd lap trinh
(nhy trong LISP) nhung khong phai la mot csu tric nguyén so cua
Pascal. Tuy nhién, Pascal cung cip mdt vai thao tac nguyén sd cd
ban ma né khign cho viec ding cac xau lign két trd nén da dang.

Uu diém chi y&u clia xau kién két so véi mang la ching cé thé
co gian v& kich thudc trong thii gian sdng clia ching. Cy thé, kich
thudc t8i da cla ching khong cdan duge bist trude. Trong cac ung
dung thyc t& diéu nay thuong khin cho c6 thé ¢6 nhidu CTDIL.
chia xé cung mdt khong gian, ma khong can phai chi y dac bigt
d&n cic kich thude twong d6i cia ching & bit ky mot thdi didm
nio.
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Mbt wu diém thi hai cia xau lién két la ching cung cp tinh
linh hoat trong viéc cho phép cdc phan ti duge t& chic lai mot
cach hiéu qua. Tinh mém deo nay c6 duge la do tinh truy xuft
nhanh t6i bat ky mot phan ti tiy y nao trong xau. Diéu nay sé trd
nén ré rang hon dudi day, sau khi ching ta da xem xét mot vai
tinh chét co ban cia xau lién k&t vA mot vai thao tic cd s3 ching
ta.sé thye hién trén ching.

Mot xau lign két 1a mot tap cdc phan ti dugc td chic mot cach
tuan ty, giong nhu mot méng Trong mdt mang, sy to chic tuan
ty duge cung cip ngﬁm (bai vi tri trong mang) ; trong mot xau lién
két, ta dung mot sy sap x€p tutng minh trong d6 mdi phan ti la
mot phan ctia mot “nit” ma né ciing c6 chita mot “lien két” (link)
t6i nit k&. Hinh 3.1 minh hoa mot xau lién két, véi cac phﬁn tu
dugc bidu dién bdi cic chi cm, cac nit bdi cac cung tron va cac
lien két bdi cic doan thing néi cac nit. Chiing ta sé xem chi tist
dudi day cac nit dude bi€u dién nhu thé nao trong may tinh ; hién
nay chiing ta sé chi néi don gian la cac nit va cac lien két.

>—0—0—06—0

Hinh 3.1 Mot xéau lién két

Ngay ca biéu dién don gian & hinh 3.1 cing phoi bay hai chi
tiét ma ta phai xem xét. Dau tién la méi mit c6 mot lien két, nhu
thé lién k&t ¢ mit cudi cing cia danh sach phai chi ra mot nit
“k&” nao d6. Quy udc cia ching ta 1a sé c6 mot mit “gia”, ma ta
goi la z, dung cho muyc dich nay ; niit cudi cling cia danh sich sé
chi téi z, va z sé chi t8i chinh né. Thém nita, thong thutng ching
ta sé c6 mot mit gia & dau con lai cia xau, cing lai theo quy udc.
Nit nay, ching ta sé goi la “head” (dau), sé chi tdi nit dau tién
trong xau. Muyc dich chinh clia cac nit gia la d&€ lam cho cic thao
tac cu thé trén cic lién két, dac biét la nhitng thao tic trén cac nuit
dau va cudi cla xau duge thuan tién hon. Céac quy ude khic sé duge
ban duéi day. Hinh 3.2 minh hoa cilu tiic xau, ¢ thém céc nit gia
nay.
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Hinh 8.2 Mot xdu litn két véi cdc it gid cua né

Bay giv, biéu dién theo thd ty tubng minh nay cho phép cac
thao tac sé duge thyc hién higu qua hon nhidu so véi mang. Vi dy,
g‘ié s ta mudn chuyén T ti cudi danh sdch ra dau. Trong mbt
mang, ta phai chuyén moi phan tt & c6 chd cho phﬁn td méi d
dau; trong mot xau lien két, ta chi thay ddi ba lién ké&t, nhu minh
hoa trong hinh 3.3. Hai phién ban dugc minh hoa trong ‘hinh 3.3 Ia
tuong duong ; chi c6 didu 1a ching duge vé khac nhau. Ching ta
lam cho niit chia T chi téi A, nit chda S chi téi z, va “head” chi
t6i T. Cho dit néu danh sich nay c6 rit dai di chiing nifa, ta vin c6

thé tao ra sy thay ddi vé ciu tric nay chi bang cach thay déi ba
lien két.

Quan trong hon, ta c6 thé néi dén viec “chen” (inserting) mot
phan ti vio trong mot xau lien két (khién cho xau dai ra them mot
phan ti nita), mdt thao tdc ma né khong ty nhién va khong dé
dang trong mdét mang. Hinh 3.4 minh hoa lam th& nao dé chen X
vao trong xau vi du cua ching ta bing cach dat né vao trong mot
nit ma né chi téi S, sau d6 lam cho niit chia I chi t6i mit méi. D&i
véi thao tac nay, chl can thay ddi hal moi lién két, khong c6 vin de
la xau d6 dai nhu thé nao.

head 1 ﬁ @ e o 9 z

Hinh 3.3 Sap xép lai mét xéu lién két
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Tudng ty, ta co thé néi dén vide “xéa” (deleting) mot phan ti
khoi mot xau lien két (khign cho xau ngén bét mot phan ti). Vi dy,
xau thit ba trong hinh 3.4 cho thdy lam th nao 428 xéa X khéi xau
thit hai bing cach dan gian ta Jam cho nit chia I chi téi S, bd qua
X, Bay git mit chita X vAn con ton tai (thue t& nd van chi tdi 8), va
c6 18 s& duge giai phéng theo mbt cach nao @6, van da 1a bay git né
khong con ¢ trong xAu nay nita, vi khong thé duge truy xuit bdi
viee do theo cac mbi lién két bat dau tir “head”. Ta sé trd lai vin dé
nay dudi day.

Tuy nhién, cé nhifng thao tdo khac ma 46i vdi xau lidn ket 1a
khéng thich hgp. Hién nhién nhit trong s8 nay  “tim phan ti
thi k™ {(tim mat phan ti, cho trude chi muyc cia né) : trong mot
mang didu nay duge thye hién don gian bing cich truy xuat alk],
nhung trong mét xau ta phai duyét qua k méj lien két.

heody_¢ @ e
®
Hinh 3.4 Cheén vio va xéa khoi mt xiue lidn kit

Mat thao tac khac ma né khong ty nhign trén xau lign két la
“tim phan td nam trudc phan t da cho”. Néu tit ca nhing thyd
ma ching ta 6 ta lign két t6i T trong xéu mau nay, thi cach duy
nhit d8 tim thay lien k&t trd i S 1a bat dau tir dau (head) va duyét
gua ting nit d& tim dude nit ma né tro t6i T. Vi thye t&, thao tac
nay la cAn thigt néu ta mudn xéa duge mdt mit cho trude ra khaoi
mdt xau lign k&t : néu khong, lam thé nao ta tim thay duge mit ma
lién két cta né phai duge thay déi ? Trong nhigu Wng dung, ta co
thé tranh bai toin nay bang cich thigt k& lai thao tic xda cd ban
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thanh “xéa mit k& tigp”. Mot bai todn tuong ty ¢6 thé tranh dude
d8i vdi phép chen bang cich tao mdt thao tac chén ¢ ban la “chen
mot phan t cho trude vho sau mdt mit cho trude” trong xau.

Pascal cung cdp céc thao tdc nguydn sd ma né cho phép cac
x4u lién két s& duge cai dat mdt cach tryc tigp. Doan chudng trinh
sau day 12 mot cai dat méu cho cdc chifc ning co ban ma ta da thao
luén cho tdi giv.

type link = Ynode;
node = record key : integer ; next : link end ;
var head , z, ¢t link ;
procedure listinitialize;
begin
newlhead) ; new(z) ;
head V.next:=2, 2 tnext:=z
end ;
procedure deletenext(t:link);
begin
t Vonext =t Vnext T.ncxt;
end ;
procedure insertafter(v:integer ; t:link);
var x:iink ;
begin
rew(z) ;
x Vkey:=v;x Ynext:=t Y next :
t Ynext:=x

end;,

Dang chinh xdc cia cdc xau duge md ta trong khai bao type:
x4u dude tao bdi cic niit, mdi mit chifa mdt s& nguyén va mot lign
két (link) tdi mit k& trén xau. “Key” & day Ja mdt s5 nguyen d& cho
don gian, va o6 thé phic tap tiy ¥ - méi lien két 1a chia khéa ciia
xéu. Bién head la mot lien két tai nit dau trén mot xau: ta o6 thé
xem xét cic mit con lai theo thi ty bing cich di theo cdc lign két
cho téi khi tim tdi z, lign k&t mi né chi t4i nit gia bidu didn cudi
xau. Cud phap Pascal ding cho vige do theo cic lién k&t 1 “mai tén
len” : ta viét mot tham chigu tai mot lien két, theo sau Ia ky hiéu
nay d€ chi ra mot tham chidu t6i nit duge tro boi lien k&t d6. Vi
dy, tham chigu head ' .nextt key tham khao phan t¥ dau tién trén
mjt xau, va head ! nextt .next? key tham khéo tdi cdi thi hai.
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Khai bdo type don gian md ta dang cla cic niit ; cic mit 6 thé
duge khdi tao chi khi thd tyuc ¢6 sin new duge goi. Vi dy, lenh goi
new (head) tao ra mdt nit mdi, dat mot con tro tdi né vao trong
head. Muc dich clia thi tyc nay Ia & lam nhe bdt cho ngudi lap
trinh gdnh niing phai “cép phat” bd nhd cho mit khi xau phinh ra
(ta s& ban d&n cd ché nay chi ti€t hon dusi day). C6 mot tha tye
tuong Ung o shn la dispose d€ xéa mit, né c6 thé duge ding bai
thu tuc goi, hay o6 1& nit, mac dit ¢4 duge x6a khoi mdt xau, lai cé
thé duge thém vho mdt xéu khac.

Boc gia duge khuyén khich d€ kiém ching cic cii dat Pascal
nay dya trén cic md ta bang ngdn ngd ty nhién da duge cho &
trén. Cu thé, that dang néi & chang nay la viec xem xét tai sao céc
nit gia lai la hiu ich. DAy tién, néu quy udc 1a “head” tro t6i dau
xAu thay vi c6 mdt mit. head, thi thd tyc chen (insert) s& can mot
phép kiém tra dac bigt lic chen vao dau xau. Thy hai la quy uée ve
z bao vé& duge thu tyc xéa (delete) tranh khoi (vi du) mdt lénh goi
dé x6a mot phan ti tit mdt xau réng.

Mot quy wée phd bién khéc cho vide chiim dit mot xau 13 Iam
cho mit cudi tro tdi nit dau tign, thay vi ding cac nit gia head va
z. XAu nay duge goi 14 xau vdng : nd cho phép mdt chuong trinh di
vbng trén xAu mién la o6 mot cii gi d6 trong xau dé, Dung mdt ndt
gia d¢ danh d&u dau (va cubi) xau va dé kiém sodt duge trudng hop
xau rong thi dai khi tién loi.

C6 thé hd trg thao tic “tim phan ti nam trude phan tir da cho”
bang cich dang mét xau lien ket kép, trong d6 chiing ta duy tri hai
mdi litn kit cho mdi mdt nut, mdt cai tdi phan t& nhm trude, va
mot cAi t0i phan td nim sau. Cai gia cia vidc cung ciip kha nang
phu trg nay la tang gip doi s8 thao tic madi lien két cho mdi mot
thao tdc co ban, vi vily thudng né khong duge diing trir phi dae bigt
duge can dén. Tuy nhien, nhu da luu y & trén, ndu mdt mit bj x6a
vi chi c6 mdt lidn két t4i né la dung duge (06 1é né cing la mdt
phan ti cia mot CTDL khéc nao d6), thi litn két kép o6 thé duge
can dén.

Ta sé thay nhiéu vi dy vé cdc ing dyng clia nhitug thao tic nay
vé cac thao tae cd ban khac trén cdic xau lign k&t trong cic chuong
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gau. Vi cdc thao tac chi gom mt vai lenh, théng thutng ta thao tic
cdc xAu mdt cach trye ti€p thay vi ding cac thd tyc chinh xic &
trén. Nhy mot vi dy, ta s xét tidp mdt chuong trinh dé giai “bai
toan Josephus™ theo tinh than cta sing Eratosthenes.

Doi v6i bai toan Josephus, ta tudng tugng rang N ngusi da
quydt dinh mét cude ty sdt tap the bang cach ty ding trong modt
vong tron va giet nguti thd M quanh vong tron, thu hep hang ngi
lad khi ting ngudi lan lugt ngd khoi vong tron. Van de 1a tim xem
ngusi nao la ngudi sé chét cudi ciing (mic dit o6 thé nguadi 46 sé cb
mot sy thay ddi quyst dinh vao phiit chét ), hay téng quat hon la
tim ra thi ty ma tiing ngudi sé bi gigt. Vidy, nfu N = 9va M = 5,
thi nhitng ngudi bi gict s& la theo thi ty 51 74 3 6 9 2 8. Chuong
trinh sau day doc vao N va M 19i in ra thi ty nay :

program josephus (input, output) ;
type link = Tnode ;

node = record key : integer ; next : link end ;
var i, N, M ; infeger; ¢, x . link ;
begin

read (N, M},

new (¢ ¢ 1.kcy:= Iyx:=1¢;

fori . =2toNdo
vegin new(t Tnext) o=t Vnext ;o T‘kc’y =1
end ;

ttonext o= X,

whilet <> ¢ T, nextdo

begin
fori:=l1toM-1dot:.=¢ 1. next;
wrife {t Y onext T‘ke_y) R
x:=+t Nnext ot Ynext:=¢ .next f‘ncxt
dispose (x); '

end ;

writeln(t T.key) ;

end,

Chuong trinh ding mdt xau lién k&t vong d& mé phong day cac
hanh hinh mét cach tryc tiép. Dau tién, xau dude thidt 1ap véi cic
khoa tir 1 d&n N : bigén x gi vi tri bit dau clia x4u khi né dude tao
ra, roi con tro trong ndt cudi ciing trong xau duge dat vé x. Sau d6,
chuong trinh duyet qua xau, d8m qua M-1 phan tif roi xéa cai k&



VIEC CAP PHAT BO NHG 31

tiep, cho d&n khi chi con lai mét cdi (chi tdi chinh né). Luu y lénh
goi dispose dé xGa, tuong ung vdi mét sy hanh hinh : lénh nay
ngugce vdi lénh new da da cap g trén.

VIEC CAP PHAT BO NHO

Cac con tro clia Pascal cung cp mdt cach thuin tign dé chi dat cac
xAu, nhu 432 minh hoa & trén, nhung ¢6 nhing cich khac nia.
Trong phan ndy ta sé thao luan vé vigc lam thé nao ding mang 48
cal diat ede xau Van két va didu nay o6 lign he nhu thé nao vdi bidu
difn thye sy coa cde xAu lign trong mét chuong trinh Pascal. Nhu
da dé cap ¢ trén, mang la mét biéu dién kha true tiép cia bd nhé
may tinh, nhu thé vige phan tich sy chi dat ra sao mot ciu tric di
liéu nhur mdt mang sé cung cip mot vai hidu bidt siu séc vé vide né
dugc bicu ditén trong mdy tinh & cdp thap nhu thé nio. Cy thé, ta
sé chi y xem lam thé& nao nhidu xéau 6 thé duge bidu dién mot cach
dong thisi.

Trong mét biu dién tryc ti€p bang mang cua cac xau lién két,
ta s& diing cac chi muye thay cho cic méi lien k&t. Mot cach dé tign
hanh la dinh nghia mot méng cdc miu tin (record) gitng cic méu
tin & trén nhung dung cdc s8 nguyén (cho cac chi myc mang) thay
vi 14 céc lien két cho truong (field) ke tigp. Mot cach khéc, thuing
thuéin tign hon, la dung “cic mang dong hanh” : ta lva cac phan ti
trong mdt mang key [1..N] va cdc lien két trong mdt mang next
[1..N]. Vi vay key[next [head]] lizn h& d¢n phan ti dau tién cta
danh sach, key [next [next [head]]] la phan t& th hai, ... Uu diém
cha vige ding cic mang dong hanh la ciiu tric o6 thé duge tao
dyng “trén dinh cia” di¥ lidu : mang key chita di liéu va chi chua
dif lidu thdi - tat ca cdu tric la trong mang dong hanh next. Vi dy,
mdt xau khac c6 thé duge xiy dyng bang cich dung cing mot
mang dif ligu va mét mang “lidn k&t” dong hanh khéc, hay cac da
litu khic c6 thé thém vao vdi cAc mang dong hanh khac. Doan
chudng trinh sau day cai dat cac thao tdc xAu cd ban bing cich
ding mang dong hanh,
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var key, next : array /0. N/ of integer ; x, head, z : integer ;
procedure listinitialize ;
begin
head :=0,z:=1,x:=1;
next fheadf .=z ; next{z{:=z;

end ;
procedure deletenext (f : integer};
begin
reext ft] .= next [nexift]]
end ;
procedure inseriafler (v integer; { ! integer);
begin
x:=x+1; _
key {xl:=v; next[x]:= next{t};
nextftj:=x
end ;

“Con trd” x thay cho ham ciip phat bd nhd new : né Ivu vit cia
vj tri k& chua duge diing trong mang.

Hinh 3.5 minh hoa lam th&€ ndo xAu miu cda ching ta ¢6 thé
dugc cai dat bang cdc mang dong hanh, va bifu didn nay b lien hé
nhu thé nao vdi bidu dién bing hinh vé ma ta dang ding. Céc
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Hinh 3.5 C& dgt mang cric mot xiwu lidn kit
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mang key va next dugc chi ra & bén trai, nhu ching xufit hign (lay
vidu) néu S L AT T duge chen vao trong mot xau tréng khdi dan,
véi 3, L, v, A duge chéen vao sau head ; T sau L, vaTsauS. Vitri 0
lahead vavitriliaz {nhing vi tri nay duge dat bai listinitialize) -
vl next [0] 1a 4, nén phan tir dau tién trén xau la key [4] (A) ; vi
next [4] 1a 3, phan t thd hai trén xau 1a key [3] (L),... Trong hrge
d0 thd hai tinh tit bén trai, cac chi myc cho mang next duge thay
bdi cdc duting - thay vi dit mot con s8 “4” vao next [0], ta & v&
mdt dudng tit nit O xudng t4i mit 4,.., Trong luge do thy 3, ching
ta g8 rdi cic mdi lign k&t d€ sép x&p lai cac phan t& cla xau, cii
nay sau cdi kia; sau 46 d bén phdi, don gian la ta vé cde nit theo
bidu di&n hinh anh théng thudng cia chiing ta,

Nit cia vin dé 1a xem xét lam th& nao cde thi tuc cb shn new
va dispose co thé duge cai dat. Ta gia dinh. trudc la khong gian duy
nhat cho cic mit va cac lien k8t la_cac mang ma ta dang dung : gi3
dinh nay dat ching ta vao trong truting hop ma hé théng dang &
khi né phii cung cfip kha nang d€ co gian mét CTDL véi mbt
CTDL ¢& dinh (ban than bd nhd). Vi dy, gid s¥ nit chia A s2 bj
x6a & thi dy trong hinh 3.5 va sau dé bi hiy di. Mét cong viec ma
ta phai lam 1 t6 chite lai cidc mai lien két sao cho niit khéng con bj
méc vao trong xau, nhung ta s& Jam gi véi khang gian bi chigm béi
nit dé 7 va lam the nao ta tim duge chd tréng cho mot nit khi
new duge goi va can mot chd tring khic ?

Sau khi suy nghi ky, doc gia s& thiy ring 1oi gidi 1a ro rang:
mét xau lien két sé duge ding dé luu gitt ddu vét cha khéng gian
con tréng ! ta coi xAu nay nhy I “xau trong”. Sau d6, khi ta xéa
mot nit khdi xau cia ta, ta sé hily né biing cach chén né vao trong
xau trong, va khi ta cAn mdt nit méi, ta s& nhan duge né bang
cich x6a né khéi xau tréng. Co ché nay cho phép nhigdu xau khac
nhau c6 the chiém ciing mét mang.

Mbt vi dy don gian v6i hai xau (nhung khéng o6 xau trong)
dugc minh hoa trong hinh 3.6, Cé hai ndt dau xau hdl1=0 va
hd2=6, nhung ca hai xAu ¢6 thé chia nhau cing z (d8 xay dyng
nhiéu x4u, thi tuc listinitialize & trén phai duge sua d3i d8 quan ly
nhidu hon mdt head). Bay git next [0] 1a 4, nhu the phan ti dau
tién trén xau thi nhit la key [4] (O) ; vi next [6] la 7, phan t dau
tién trén xau thi hai I key (7] (T),... C4c hinh khac trong hinh 3.6
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minh hoa k&t quéa clia vigc thay thé cac gia tri next bdi cac dudng,
g0 16i cac nit, va thay di thanh biéu dién hinh anh don gian cua
~ chiing ta, giéng nhu trong hinh 3.5. Cung mdt ky thuat nay c6 thé
duge ding @& duy tri nhidu xau trong cing mang, mdt xau trong
ching s& |a mot xau tréng, nhu da mo ta & trén.

zlojz|o

- Jea |=ifco jusfro ===

my=i

Hinh 3.6 Hai xéu chia nhau cung mét khong gian

Khi viec quan 1y b nhé duge cung cip boi he thong, nhu trong
Pascal, thi khong c6 Iy do gi gat bd né di dé dung phuong phép
nay. Mé ta & trén dy dinh dé chi ra lam th& nao thuc hién duge
vidc quan 1y b nhé bdi he théng (néu he théng cla doc gia khong
thuc hién quan 1y b nhd, thi md ta & trén sé cung cip mot diém
khdi dau cho mot ban cai dat). Van dé thyc sy ma he thong phai
duong dau 1a kha phuc tap, vi khong phai tat ca cdc nit nhat thigt
la c6 cung kich thuée. Ciing vay, mdt vai h¢ thong lam nhe bt cho
ngudi sit dyng nhu chu phai hiy mdt cach tudng minh cée nit
bing cich dung cac thuat toan “don rac” dé loai bo bat ki mot nit
nho ma né khong duge tham chidu bdi bat ky mot mdi lien két nao.
Mot s& cac thuat toan quéan 1y b nhé thong minh hon da duge phat
trién dé kiém soat hai truong hgp nay.
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(Pushdown stack)

Ching ta dang tap trung vao vide cffu tric cdc dg litu, nhaim myc
dich dé chen, x6a, hay truy xudt cac phan tit mdt cich tiy y. Thye
sy, héa ra la d5i véi nhieu ing dung, di d€ xem xét cac han ch&
khdc nhau (kh4 nghiem ngit) trén viée lam the nao truy xudt dugc
cdc CTDL. Cac han ché nhu vily 1a ¢6 Igi theo hai cdch : trudc tien,
ching c6 thé lam nhe bét yéu cau cho chuong trinh dung CTDL ia
phai quan tam d&n cde chi tidt cia né (vi du nhu vige gi diu vét
clia céc lién két hay céc chi muc cia cic phan t); thit hai 1A ching
cho phép cic cai dat don gian vh mem déo han, vi can it thao tac
+ hon.,

CTDL cb truy xuat han ch& quan trong nhét 1a ngin x&p ddy
xuéing. N6 chi ¢6 hai thao tdc cg ban : ngudi ta c6 thé cat (push)
mét phin tit 12n ngan x&p (chen & dau) va lay (pop) mot phan t
(loai b6 né khéi dau ngan x&p). Mat ngin x&p thao tde gitng nhu
moét tu dyng cla mdt quan trj vien ban rdn : chng vide duge chat
déng trong mdt ngin x&p, va bat k¥ lic nao quan trj vien sén sang
d€ lam mot cong viee nao d6, thi anh ta sa ldy n6 ra khoi ngan x&p
d trén ciing. Digu nay o6 thé hidu 1a mdt vide gi d6 da bj x&p & day
ngan xép mot khoang thai gian nao dé, nhung mdt quan tri vien
tot s& quan 1y d& tam sao cho ngin xép duge tréng thuing xuyén.
Héa ra la mot chuang trinh may tinh déi khi dudc t5 chic mot
cach ty nhién theo phuong phap nay, tri hoan lai mot vai tac vy
nao d6 trong khi dang thyc hign nhdng cai khdc, va vi vay céc
ngan x&p ddy xudng xudt hien nhy la mdt CTDL co sd cho nhizgu
thuit todn.

Ta s& thay nhigu Wng dung 16n ciia ngan x&p trong cac chudng
sau : d6i véi mét vi dy dan nhap, ta hay xem viec dung cac nghn
xép dé lugng gia cac bidu thic s5 hoc. Gia st ngudi ta muén tim
gid tri clia mot bidu thie s3 hoe don gian gém viéc nhan va chng
cdc s6 nguyén, vi dy nhu :

5*{((9+8) * (4*6)) + T) -

Mot ngan xép la co ché 1y tudng d€ cat edc két qua trung gian
trong mot phép tinh nhu viy. Vidy & trén o6 tha dudc tinh véi cac
lenb goi :
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push(d);
push(9);
push{8};
push(pop+pop) ;
push(d};
push(6);
push(pop*pop) ;
push{pop*pop) ;
push(7);
push(pop+pop} ;
push{pop™pop) ;
writeln{pop) ;

Tht tu trong 46 cac phép toan thyc hién duge chi bdi cic diu
ngoac don trong bidu thic, va bdi quy udéc ma ta tién hanh tir trai
sang phai. Cac quy udc khéc Ia c6 the duge; vi du 4%6 6 thé duge
tinh trudc 948 trong vi dy trén.

Mbt vai may cdng sb hoc vA mot vai ngdn ngd tinh dya trén
phudng phdp tinh todn trén cic thao tic ngan x&p cua ching mot
cich tudng minh theo cich nay : mbi phép toan lAy cdc tham st
clia né khoi ngan x&p va tra vé cac k&t qua cha no cho ngan x&p.
Nhu ta sé thay trong chuong 5, cic ngan x&p thuding xuat hién
ngam ngay ca khi khong duge dang mdt cich tudng minh.

Cic thao tac ngan x8p oo ban thi dé cai dat bang cach ding
xau lign két, nhy trong chi dat & trang sau.

Cai dat ndy cing gom doan chuong trinh d& khdi dong mot
ngan xép va 42 kim tra xem né cé rong hay khong). Trong mét
ung dung ma chi c6 mét ngan x&p dugde si dyng, thi ching ta 6
thé gia djnh 1a bign toan cyc head la lién két tdi ngan x&p ; néu
khong, cic cai dat c6 thd duge sia ddi d€ cang dua mot lién ket téi
ngin xép. :

Tht ty tinh todn trong vi du s8 hoc d trén yéu cau cdc todn
hang xuét hién trudc toan tif sao cho chiing ¢6 thé & trén ngan x&p
khi toan tG bi bat gap. Bat ki mot bidu thic s8 hoc nao ciing ¢b the
duge vidt lai theo cich nay - vi du § trén tuong dng véi bidu thite

598 +46**7+*
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type link = ' node ;
node = record key : infeger; next link
end ;
var head, z : link ;
procedure stackinit ;
begin
newlhead) ; new(z) ;
head V. next:=z; 2 f.next =z
end ;
procedure push (v : integer) ;
vart: link;
begin
new(t)
tt ey .= sttt next = head t next :
head ! .next ;= ¢
end ;
procedure pop : integer ;
var t: link;
begin
ti= head T.next;
pop =t next N
head ' next = ¢! next;
dispose(t)
end ;
function stackempty : boolean
begin stackempty = (head f next = z)
end ;

Céach nay duge goi la ky higu Balan nguge (vi né duge gidi thigu
bdi mot nha luan 1y hoe ngutsi Balan), hay postfix. Cach vigt thong
thutng cua cic biéu thic 5 hoe duge goi 1a infix. Mot tinh chst
thi vi cia postfix 12 khong can dén cdc dau ngofic don ; trong
infix, chiéng duge dan dén  d& phan bigt, vi dy nhu
S*(((9+8)*(4*6))+T) vai ((5%9)+8) * ((4*6)+ 7). Chuong trinh sau
diy chuy&n mdt bidu thic infix hgp 1& ¢6 ngoac day di thanh mét
biéu thie postfix :
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stackinit ;

repeai
repeat read(c)untilc<>" 5
if c="}" then write(chripop));
if e="+" then push(ord{c));
if c="*" then pushiord(c));
while {c>="0"} and {c<="9") do

begin write(e) ; readfc) end ;

ife<>" then write (" ) ;

until eoln ;

Cac doi so don gian duge cho qua, vi ching xuat hién trong
bidu thic postfix theo cung thi ty nhu trong biu thic infix. Sau
d6 mbi dau ngofic phai chi ra ring ca hai d6i s6 cho toan it cudi da
dugc xult ra, vi vay chinh todn tit d6 o6 thé duge 13y ra va ghi ra.
{chudng trinh nay khéng kiém cac 16i trong lic nhap va can cac
khoang tréng gilfa cAc toan tif, cic diu ngodc don va céc todn
hang).

Ly do chinh d& ding postfix la vige lugng gia o6 thé dudc thuc

hién theo mot phuong thic rdt don gian v6i mdt ngan x&p, nhu
trong chuong trinh sau : -

stackinit;
repeat
x:=0;
repeat read(c) untile <> *7;
ife="*" thenx:=pop *pop;
ife="+" thenx:= pop + pop;
while (¢>="0"} and fc<="9") do
beginx := 10 *x + ford(c) - ord("0")) ; read{c}
end;
pushix);
until ecin ;
writeln{pop};

Chuong trinh nay doc bit ki mot biéu thic nao gom cd phép
nhan va phép cdng s& nguyén, sau 36 in gid trj clia bigu thite. Céc
khoang triing duge bd qua, va vong lap while chuyén céc s8 nguyén
tit dang ky ty thanh s§ d& tinh. Ngoai ra, thao tic cia chuong
trinh Ia don gian. Cdc s nguyén (todn hang) dugc cAt trén ngan
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x€p va phép nhan va obng thay the hai phan tif trén dinh ngan x&p
bdi két qua ciia phép todn. :

Néu kich thudc t8i da cda mot ngin x&p o6 thé dy dosn trude
dugc, thi né cé thé thich hgp d€ dung mdt bidu didn mang thay vi
dung mdt xau lien két, nhu trong cai dit sau :

const maxP = 100 ;
var stack : array {0.macP} of integer;
P integer;
procedure push (v ; integer) ;
begin stackip]:=v; p =p+lend;
function pop : integer ;
beginp :=p-1; pop := stackipjend ;
procedure stackinit ;
begin p ;= 0 end ;
. funciion stackempty : boolean ;
begin stackempty := (p<=0)end ;

Bign p 14 mot bign toan cyc ma no duy tri v&t cia vj tri dinh
cua ngan x&p. Day 1a mot cii dat rdt don gidn ma né tranh duge
vigc dung khong gian phu trd cho cde mai lién két, & cAl gida 6 )6 1a
phi ché do phéi danh rigng khdng gian tréng cho ngin x&p kich
thude 16n nhat.

Hinh 3.7 minh hoa 1am th& nao mét ngan x8p mau phat tridn
qua mdt chudi cdc thao tac push va pop duge bidu dién boi day :

A*SA*M*P*L*ES*T***A*CK**

Sy xudt hign cia mdt chi cai trong danh sich nay ct nghia la
“push” (chi¥ cdi) ; dau hoa thj c6 nghia la “pop”.

Dac bigt, mot s8 lugng 16n céc thao tie s chi cAn d&n mot
ngan x&p nho. Néu ta tin tudng vao disy nay, thi mdt bidu dién
mang s& duge can dén. Nu khong, thi mat xau lidn kit c6 the cho
phép nghn x€p co gian mot cach nhip nhang, dac bigt néu né la
mdt trong nhisw CTDL nhy vay.

Bla{T]a
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Hinh 3.7 Céc dac trung dong ciia mét ngin xép
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HANG DO1

(Queue)

Mot CTDL ed ban khic o6 truy xuét han ch& duge goi la hang doi.
Ciing vay, n6 chi gom o6 hai thao tic cd ban: ngudi ta c6 thé chen
(insert) mot phan ti vio trong hang dgi & dau va lay di (remove)
mbt phan ti & cudi, C6 18 th dyng cia quan trj vién ban ron cla
ching ta nén thao tic gidng nhu mot hang ddgi, vi nhy vay cdng
vide ma n6 d8n dau tign s& duge thuc hign trude. Trong mot ngan
xBp, mdt vide gl d6 o6 thé bj chon vii § ddy ngan x&p, nhung trong
mot hang dgi moi thi duge xif 1y theo thit ty nhan dudgc.

Mic di ngan xép duge gip nhidu hon 1a hang dgi do mdi quan
he cd ban cla né vdi sy d& quy (xem chudng 5), ching ta s& gap
cac thuat toan ma d5i véi chiing hang doi la mot CTDL ty nhién.
Céc ngin x&p doi khi duge xem nhu tuan theo mdt quy luat la “vao
sau, ra trude” (LIFO last in, first out) ; hang ddi tuan theo quy luit
“vao trudce, ra truée (FIFO : first in, first out).

Cai dat theo xau lign két cia cdc thao tic hang dgi thi don gian
va duge d€ lai nhu mdt bai tap cho ngudi doc. Nhut véi ngan xép,
mbt mang cing o6 thé duge dung néu ngudi ta c6 thé lugng dinh
dude kich thudc 1én nhét, nhu trong cai dit sau day

const max = 100, :
var queue : array [0.max] of integer ; head, tail ; integer;
procedure put (v integer);
begin
queueftail] ;= v ; tail = tail+1;
if tail> =max then tail := 0
end ;
function get ; integer;
‘begin
get := queuelhead]; head ;= head+1;
if head >max then head := 0
end ;
procedure queueinitialize ;
begin head := 0, tail ;= 0 end;
function queucempty : boolean ;
begin gueueempty : = (head = tail) end ;
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Can phai duy tri hai chi muc, mot tdi noi bat dau cia hang dgi
(head) va mot 18i cudi (tail). Ndi dung cGa hang doi 13 tit ca céc
phén ti trong mang nim gitta head vi tail, 6 thd “quay vong” trd
lai 0 khi dén cusi mang. N&u head = tail thi hang dgi duge xem
nhu [a rong ; néu head = tail+1, hay tail = max va head = 0 thi
né duge xem nhu la day.

Hinh 3.8 minh hoa lam th& nao mot hang doi miu phat trién
qua mdt chudi cac thao tic get vh put duge bidu didn bdi day :

A*SA*M*P*LE*Q***U*EU**E*

Sy xudit hién ctia mét chif cai trong danh sich nay c6 nghia la
“put” {chit cai) ; dau hoa thj o6 nghia i “gat”.

Trong chuong 20 ching ta gip mdt “deque” (hay “hang dgi hai
dau”: double ended queue), ma né la mdt t5 hop ciia mot ngan x&p
va mot hang ddi, va trong cic chuong 4 va 30 ta s ban va cdc vi
dy kha co ban am chi vige 4p dung mét hang dgi nhu Ia mét co ché
dé cho phép khao sit cay va da thi.

[Elo
{Ulu o
®e | EfEe

Hinh 8.8 Cdc ddc tinh dgng cia mot hémg doi
KIEU DU LIEU TRUU TUONG

Chdng ta da thay & trén, thudng thuin tign khi mé t3 cde thuat
toan va CTDL theo cdc thao tac duge thue hién, thay vi thed cic
chi ti€t cla vige cai dat. Khi mét CTDL duge dinh nghia theo cach
nay, né duge goi la mot kidu di lidu triru tugng. Y tudng [a d€ tach
bach “quan niém” vé nhimg gi ma CTDL nén lam ra khoi bat k¥
mbt cai dat cu thd nao.



42 CAC CAU TRUC DU LIBU CO BAN

Pac trung xdc dinh ciia mot kidu da ligu triu tugng la khong
o6 gi nim bén ngodi cde dinh nghia cta CTDL va cdc thuat todn
thao tic trén né la c6 thé tham khio duge téi bit ky mot thit gl
pAm bén trong, ngoai trit 1a qua chc 1énh goi ham va tha tyc cho
céc thao tac od ban. Dong cd chinh cho vigc phat trién cic kidu dd
lidu triru tugng da nhy 1a mét o ché dung cho vite t3 chdc céc
chuong trinh 1én, Ching cung cfp mdt phuong phip dé gisi han
kich thudc va d0 phic tap ciia giao tigp gita cic thuat toan (c6 thé
Ia phitc tap) cung cac CTDL tuong ung véi cac chudng trinh (cd
thé 1a moét s5 lugng 16n cdc chuong trinh) ma né dung cac thuit
todn va CTDL. Didu nay khi#n cho viéc hiéu chuong trinh lén mbt
cich dé dang han, va lam cho vigc thay d6i va néng cép cAc thuat

" to4n oo ban trd nén thuin tién hon.

Céc ngan x8p va hang ddi Ia cac vi dy of dién ve cac kiu du
libu tritu tugng : hau hét cic chuong trinh chi can duge quan tam
v& mdt vai thao tac co ban duge dinh nghia t8t, chd khong phai 1a
céc chi tift vé cac moi lidn k&t va cac chi muc.

Mang va xau lien két dén lugt né co thé dugc xem nhu la sy
tinh ch8 cia mdt kifu di lidu tritu tugng cd ban dude goi la xhu
tuysn tinh. M&i cai trong ching o6 thé hd trg cac thao tac nhu
chen, x6a, va truy xuit trén mdt ciu tric cd ban ben dudi gom cic
phan i e6 thi ty tuan ty. Céc thao tac nay dn d€ mo ta cac thuat
toan, va sy tritu tugng héa xau tuyén tinh c6 thé la hau ich trong
nhitng chang dau clia sy phat trién thuft toin. Nhung nhu ching
ta da thiy, méi quan tam cla ngudi lap trinh la dinh nghia mot
cach cAn than cdc thao tic nao sé duge dung, d8i vdi cic cai dat
khac nhau, 6 thé o6 cde dac trung vé hidu nang hoan toan khéc
nhau. Vi du, viec ding mdt xau lién két thay cho mot méang d6i vai
sang Eratosthenes s& la t8n kém vi tinh hiéu qua cla thuat toan -
phu thudc vao kha nang di tir bat ky mdt vi tri nio clia mang téi
bét ky mot vi tri khac clia mang mdt cach nhanh chdng, va viéc
dimg mdt méang thay vi mdt xau lidn k&t cho bai toan Josephus s
la ton kém vi tinh hiéu qua cla thuit todn phy thubc vao sy hign
miét cda cac phan tif bj xéa.

Nhieu thao tac khac ty ching ndy sinh ra trén cdc xiu tuyén
tinh ma né can d&n nhidu thuat toan va cac CTDL tinh vi hon dé
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hd trg ching mot cach hitu qua. Hai thao tic quan trong nhat 1a
shp cdc phan td theo thit ty ting cia khéa ciia ching (chi d& cua
cac chuong 8 dén 13) va thao tdc tim mot phan t véi mot khéa cy
thé (chi d2 cia cac chuong 14 dén 18).

Mot kifu di ligu trita tugng o6 thé duge dung dé djnh nghia
mot kidu dit ligu tritu tugng khac : ta dung xau lizn ket va mang dé
dinh nghia ngan x&p va hang dgi. Thyc vay, ching ta diung cic
trifu tugng “con tro” va “mdu tin” duge cung cAp bdi Pascal 48 xay
dyng cdc xAu lign két, va dung kiéu tritu tugng “méang” duge cung
cAp boi Pascal dé tao nén cdc mang. Them vao d6, ta da thiy & trén
la ta c6 thé xay dyng cic xau lien k&t bing mang, va ta s& thay
trong chuong 36 la mang sé ddi khi duge xay dyng bang xau lign
két ! Stc manh thyc sy cia khéi niém kidu dit lidu tri tugng 1a
n6 cho phép ta dé dang cdu tric nén cic he théng lon trén cac
muc d§ trirvu tugng khac nhau, ti cie lénh ngbn ngd may duge
cung cip bdi mAy tinh, d&n cic kha nang khéc nhau duge cung ciip
bdi ngbn ngd 1ap trinh, 48 sép x&p, tim kifm va cic kha nang cAp
cao hon khac duge cung cip bdi cc thuat todn duge ban dén trong
quyén sich nay, tham chi tdi cac cdp trifu tugng cao hon nda ma
ing dung c6 thé da nghj.

Trong cudn sich nay, ching ta ddi di2n véi cac chuong trinh
tudng d6i nho duge tich hgp kha chat véi cae ciu tide di ligu
tuong ung cla chiing. Trong khi 6 th8 néi ve sy trim tugng héa &
giao dién gilta cdc thuat toan cla ta vdi cic cflu tric dg lidu cda
thuat toin dé, thyc ra sé thich hgp hon khi tAp trung vio cic cdp
tritu tugng hda cao hon ( gan gai hon véi dng dung ) : khai niem va
sy truu tugng héa khdng nén lam ching ta sao lang viec tim 13
gial hieu qua nhit cho mdt bai todn cy thé. J day ta coi quan didm
vé hidu ning méi la van dé chinh! Cac chuong trinh duge phéat
trién vdi cich nhin nay trong dau sau nay o6 the dugc dung véi
mot sy tin tudng trong viéc phat tridn cde cip trim tugng héa cao
haon cho cdc hg théng ldn.

Cho dit cdc kigu di ligu tritu tugng o6 duge sit dyng mot cich
tutng minh hay khong, ching ta khong thodt khoi bdn phan phai
phét biu mot cich chinh xic nhimg gi thuat toén cia ching ta
lam. Thye ra, thutng la thuén lgi d& dinh nghia cac giao dien véi
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cac thuat todn va ciu tric di lidu duge cung cdp & day nhu la céc
ki€u du lidu tritu tugng; cdc vi du vé digu nay duge tim thdy trong
cic chuong 11 va 14, Hon nita, ngudi sit dyng cua cdc thuit toan
va cé'u tric dit lidu o6 bdn phan phat biéu r raing nhiing gi anh ta
mudn ching phs’u' lam - vige trufén thong mdt cich thich hgp gida
ngum st dung ctia thuét todn va ngubi cai dat thuit toan dé ( ngay
¢4 néu ho la cling mot ngudi ) sé 1a chia khéa dé thinh cong trcmg
vigc xay dyng cac hé théng 16m. Cac méi trudng 1ap trinh ma né hd
trg viée phat trién cdc he thdng l6n c6 nhing phudng tién ma né
cho phép diéu nay & duge thyc hién theo mot phusng phap 6 he
théng.

Nhu da d2 cap & trén, cdc ciu tric dit ligu thyc hi€m khi chi
gom od cac sb nguyén va cic mdi lign két. Cac niit thong thutng
chita mot lugng I6n cdc thoéng tin va ob thé thude vé nhidu cu tric
dit ligu doc lap. Vi dy, mot hd sd vé dit liéu nhan sy o6 thé chita cde
méu tin véi tén, dja chi, vi cAc mau théng tin khic vé cdc nhan
vien, v mdi mau tin o6 thé cin nam trong mdt ciu tric d lisu
diang cho vige tim ki®m cic nhan vién cy thé, mdt CTDL khéc cho
vide tra loi cac cAu hdi thong k&, ... Tham chi ¢6 thé tao dyng nén
céc cAu tric d@ lidu that phuc tap chi can ding dén cac cAu tric
dit ligu don gidn da duge md ta trong chuong nay : cdc mAu tin ghi
c6 thé 1dn hon va phitc tap hdn, nhung cac thuit toan 1 nhu nhau.
Ciing vy, ching ta cin chi ¥ la ching ta khéng phat trién céc
thut todn chi t8t cho cic méu tin nho: ta sa trd lai vAn dé nay &
cudi chuong 8 vh & dau chuong 14.
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BAI TAP

- Vigt mot chudng trinh @8 dien vio mot mang 2 chieu bang cich

dat aliyj] 1a true n&u USCLN cia i va j la 1 va false n8u nguge
lai.

. Cai dat mdt thi tuc movenexttofront(t:link) cho mét xau lign

k&t ma né chuyén nit nim sau nit duge trd tdi bdi t d&n ndi
bit dau cla xau { hinh 3.3 12 mdt vi du cia thao téc nay cho
nhing trudng hgp dac biét khi t chi tdi mit k& chét trong xau).

. Cai dat mot tha tuc exchange(t,u:link) cho modt xau lign k&t ma

nd hodn vj cdc nidt dude trd t3i bdi t va u.

- Viét mdt chuong trinh @8 gidi bai toan Josephus, ding mot

mang thay vi ding xau lién két.

- Viét cac thi tuc d€ chen va x6a trong mot xau lien ket kep.

6. Viét cic thi tuc cho mot cai dat bang xau lien ket cia mbdt ngin

9,

x€p ddy xuéng, nhung dung cac mang dong hanh.

- Hay cho biét néi dung clia ngan x&p sau méi thao_téc trong day

EAS*Y“*QUE“‘**ST***I*ON**.Odﬁymétchﬁ
cai c6 nghia I “push” ( chif cai) va “*” nghia 1a “pop”.

. Hay cho bigt néi dung cia hang dgi sau mébi thao tac trong day

EAS*Y**QUE***ST***I*ON**.Odﬁyn‘l@tchl’f
cai hidu la “put” ( chif cai) va “*” nghia la “get”.

Hay cho mdt day cic lenh goi t6i listinitialize, deletenext, va
insertafter ma né o6 thé sinh ra hinh 3.5.

10. Diing mdt xau lién két, cai dat cac thao tac cd ban cho mbt

hang doi. '
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Cac ciu trdic da thao luan trong chueng 3 1a cfu tric mdt
chiéu: mdi phan t di theo sau phan tit khdc. Trong chuong nay
ching ta s& khao sat cac cdu tric lién k&t hai chitu duge goi 1a cay,
day la ciu tric trung tdm cia hau hét cic ciiu tric va cac thuat
todn quan trong nhdt cia ching ta. Thao luan day da ve cay oo 1&
cAn cA mdt cudn sdch diy, ching da ra ddi va phat trién manh
trong nhidu ng dung b2n ngoai khoa hoe may tinh va da dude
nghién ciu rong rii nhu cac d6i tugng todn hoc. Quydn sich nay
sé thao lufn cic phuong phap co ban v& cay khi can trong méi
chudng ciia n6. Trong chuong nay, ching ta dwa ra cac dinh nghia
cd sd va cac tit ngd lien quan dén ciu tric chy, kifm tra mot vai
tinh chat quan trong va nghién ciu vige bidu dién ching trén trén
may tinh. Trong cac chuong k&, ching ta sé xem nhigu thuat toin
thao tac trén nhing ciu tric di ligu co ban nay.

Cay duge gap thuting xuyén trong cude song cla ching ta, va
chic chin doc gia quen thude véi khai niém oo sd. Vi dy, mdt so
ngudi theo doi t§ tién va con chau véi cay gia pha: nhu ching ta sé
thay, phan nhidu cac tif ngi cia ching ta dude thira k& tit sy s¥
dung nay. Mt vi duy khéc duge thay trong vide td chie cde cude thi
ddu thé thao, ching ta s& gap van d& nay trong chuang 11 da duge
nghién citu bdi Lewis Carroll. Mot vi dy thy ba duge thiy trong so
do t8 chite cia mot lign doan 1dn, ditu nay ggi ¥ d&n “su phan cdp”
dugc thily trong nhidu (ng dung cha khoa hoc mdy tinh. Mot vi dy
thi tu 14 “cay phan tich” cia mdt chu ti€ng Anh bao gom cac phan
od sO cua cdu, didu nay litn hg mat thigt d&n xii Iy cie ngdn ngd
clia may tinh, nhu s thao luan xa hon trong chuong 21. Cdc vi du
khac sé duge ban dén xuyén qua quyén sich nay.
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Ching ta bt dau thdo luan vé cAy bhng cich dinh nghia ching
nhu cdc ddi tugng tritu tugng va gidi thidu hau hét cic thuat ng
cd s3. Cé nhigu cach dinh nghia ciy tuong duong véi nhau va mdt
88 tinh chat toan hoec ma ham y sy tudng duong nay; nhirng didu
nay s& duge thao luan chi tiét hon trong phan tdi.

Mot cay 13 mot tap hgp khic tréng gom céc dinh va céc canh
mé thoa man céc dbi hdi nhéat djinh. Mot dinh 1a mot d8i tugng don
(ciing duge goi 1a nit) c6 thé o6 mot t2n va o6 thé mang cdc thong
tin khac; mot canh thi thi ndi hai dinh vdi nhau. Mot dusng &i
trong mdt chy la mit danh sach cic dinh phan bigt ma cic dinh
lién ti€p nhau duge ndi bdi cic canh trong cay. Mot nut trong cay
dugc chi dinh la goc, tinh chat dinh nghia cia mot cay 1A c6 chinh
xdc mot dudng di ndi gdc va mbi nit khac trong ciy. N&u cd nhigu
hon mét dudng di giva gdc va mdt nit nao d6 hay khéng c6 dudng
di nao gita gdc v mdt nit nao d6 thi ching ta s& cf mdt do thj
(xem chudng 29) chd khéng phai 14 mdt cay. Hinh 4.1 cho thay
mot vi dy cua ciy.

Mac da dinh nghia ham 7 khéng o6 “hudng” d8i vdi cac canh,
nhung thong thuéng ching ta nghi ring cdc canh ¢hi ra ngoai tir
géc (hudng xuéng dudi nhu trong hinh 4.1) hay hudng t6i goc
(hudng 1en nhy trong hinh 4.1) tiy thudec vao ap dung cy thé.
Thong thuing ching ta vé cay véi goc 8 dinh trén (mac diu didu
nay o6 vé khéng ty nhién), va chiing ta néi niit y 8 phia dudi nit x
{(va x & phia trén nit y) ndu x nim trén con dubng tir tir y toi gde
(nghia 14 néu y & dudi x nhu hinh vé trén gidy va y duge néi tdi x
bai mdt con dubng khong di qua gdc). Mdi mit (ngoai trit nit goc)
cd chinh xdc moét nit trén né va duge goi 14 cha cia no, cic niit
ngay béen dudi trye tigp mot mit duge goi 1am cac con cia nit d6.
Dai khi ching ta tudng ty héa vdi ciy gia pha va cting dé cap d&én
“ng” hay “anh em” cia mdt mit; trong hinh 4.1 thi P }a chdu cda
R va P oo ba anh em. '

Cac mit khéng cb con duge goi Ia cde nit 1a hay céc ntit tan

ciing. D& dap dng véi vide sit dyng sau nay, cic nit ¢6 it nhit mdt
con duge gei 1a cde nit khong tan cing. Cic mit tan cing thi
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thudng khac véi cac nit khong tan cung, chdng han ching khong
o6 tén hay khong cé thong tin k&t hop véi ching. Dac bigt trong
cAc hoan canh nhu thé, ching ta xem cic nit khdng tin cing la
cde nit trong va ciac niit tin cling la cic niit ngoai.

Hinh 4.1 Mt cay mau

Bat ky niit nao déu cing 1a gbe cla mdt cay con bao gdbm chinh
nit d6 va cac nut bén dudi né. Cay trong hinh 4.1 ¢6 bay cay con
mét nut, mot cay con ba nat, mdt chy con nam nit, vh mit ciy con
sau ntit. Mot thp hgp cac cay duge goi la mét rimg; vi du néu
ching ta xdéa gic va cic canh ndi t6i gbe khdi ciy trong hinh 4.1
thi chiing ta s& c6 mdt ritng bao gom ba cay co goc 6 A, R, va E.

Doi khi sy sip x&p thu ty cla cac con clia mbi mit thi quan
trong, va ddi khi ditu nay lai khéng quan trong. Mot cay dudc
sap 1A mot ey ma thi ty cla cic con cla mdi mit dude quy dinh.
Di nhién, cac con duge dat trong mot tha ty nao dé khi ta ve mot
cy, va rd rang c6 nhiéu phudng phdp khde nhau dé vé céc cay
khéng duge shp. Nhu ching ta sé thdy bén dudi, dleu nay sé quan
trong khi chung ta khao sit viéc bidu dién cic cay trong may tinh,
béi vi o6 rit it tinh linh dong khi bi€u difn cédc cay duge sip. Hién
nhién tuy vdi titng wng dung cy thé ma ngudi ta sé quy dinh chon
dang ciy nao cho phi hgp.

Cac nut trong mét cay duge chia thanh cac thng: tang cla
mdt ndt la s§ mit trén con duing tir noé tdi gbc (khéng ké chinh
nit dé}. Do d6, vi du nhu trong hinh 4.1 thi R & tang 1 va § § tang
2. Chitu cao clia mét cay }a tang lén nhit trong s tAt ca cic nit
trong ciy (hay la khoang cich t8i da tir gdc téi mot ndt bat ky). Do
dai dutng di cia mot cly la tdng cla tit ci cic tang cia cdc nut
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trong cfty (hay la tdng cic chieu dai cia cic con duting tir mdi ndt
tdi goc). Cay trong hinh 4.1 ¢6 chigu cao 3 va da dai 21. Néu tét ca
cde mit trong duge phan bigt v4i tit ca cdc nit ngoai, ching ta o6
5 dai duong di trong va 4o dai dudng di ngoai.

Néu médi mit bi bit bude c6 mot s8 cy thé cic con duge xuat
hign theo mot thd ty cu thé thi ching ta cd mdt cay da hudng.
Trong mdt cidy nhu thé, ngudi ta thuding dinh nghia cic mit ngoai
dac biet ma khéng 6 con (va thong thudng khong c6 con cing
nhu khdng c6 cdc thong tin khae). Khi d6, cac nit ngoai xem nhu
cdc nit “nhap” (dumniy)} danh cho vigée tham chigu bdi cic ndt ma
khong c6 sd lugng con cy thé.

Dang don gian nhat cua ciy da hudng la cay nhi phan. Mot
cdy nhi phan la mdt cay dugc sip bao gomi hai dang ndt: cic nit
ngoai (khdong ¢6 con) va cdc mit trong (cd chinh x4dc hai con). Mot
vi du v& cAy nhj phan duge cho thay trong Hinh 4.2. Bdi vi hai con
clia méi nit trong duge sip x&p thit ty, ching ta luu y d&n con trai
vh con phai cda cic mit trong: mdi nit trong phai cé ca con trdi
Han con phai, mic dit mdt trong hai con hay ca hai con ¢6 thé 1a
mét mit ngoad.

Hinh 4.2 Mét cay nhi phéan miu

Mue dich cua ciy nhj phan la ciu tric cdc niit trong, cic nit
ngodi chi déng vai trdo nhu nhing ngudi giit chd. Ching ta de cap
dén ching trong dinh nghia béi vi cac biéu dikn duge dung théng
dung nhat cho cic cay nhi phan phai k& téi mdi nit ngoai. Mot cay
nhi phan c6 thé “réng”, nghia Ia khéng c6 mdt nut trong nao va
chi 6 mdt mit ngoai.
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Hinly 4.3 Mét cdy nhi phén day dii

Mot cay nhi phan day la mot cAy ma cic nit trong cia nd
trai hoan toan mdi ting, ting cudi cing o6 thé khong trai hoan
toan. Mt cay nhi phan day da la mdt cay nhi phan day ma tit
ca cac nit trong trén tang ddy xuit hién & bén trdi cua tit ci cde
nit ngodi trén tang d6. Hinh 4.3 cho thay mot vi du v ciy nhj
phan day &i. Nhu ching ta sé thily, cic cay nhi phan xuit hién
ring rai trong cic ung dung mAy tinh, va tinh ning cua ching tot
nhét khi ching day (hay gan day). Trong chudng 11 ching ta sé
kiém tra mdt cilu tric di lidu quan trong duge dya trén cdc cay
nhj phan day du.

Dédc gia nén chd y cfin than ring, mac di mdi cAy nhi phan la
mot cAy nhung khong phai cAy nao cing 14 cay nhj phan. Ngay ca
khi xem xét cac ciy dugc sdp x8p ma mdi nit ¢é 0, 1 hay 2 con,
mdi cAy nhu thé cd thé tuong wWng véi nhidu cay nhj phan bdi vi cic
ntit €6 mdt con c6 thé la trai hay phai trong mét cay nhj phan.

Cac chy thi lién he mat thigt vdi sy d& qui ma ching ta sé
nghién citu trong trong chudng k& tiép. That ra, ¢ 1 phuong phap
don gian nhit d€ dinh nghia cic ciy 1a phuong phéap dé qui nhu
sau: “mdt chy thi hoiic 1a mét mit don lé hay 1a mat nit gbc duge
ndi téi mdt tap hdp cic ciy” va “mdt ciy nhi phan thi hosic 1a mot
mit ngoai hay la mot nit goe (mit trong) duge ndi tdi mot cay nhj
phan trai va mdt cay nhj phan phai”
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CAC TiNH CHAT

Trude khi khao sat cac biéu dién cia cay ching ta tiép tuc v& mot
6 tinh chit todn hoc quan trong clia chy. Cé rét nhidu tinh chat cé
thé nghién ciu nhung myc dich cla ching ta 1a quan tam dén cic
tinh chdt lidn quan d&n cac thuat todn trong quyén sdch nay.

TINH CHAT 4.1 Cé diing mot con dudng ndéi hai nit bat ky trong
mot ey, ' : .

Hai mit bit ki cla cay thi cd it nhat mét t8 tién chung gan
nhit, dé chinh la ndt nim trén dutng di ti ca hai ndt tdi gde, hon
nia khong cé nit con nio cé cing tinh chit nhu vay. Vidy: O 1a t6
trén chung gin nhéit cia C va L trong ciy cta hinh 4.3. T8 trén
chung gan nhat phai luén ton tai boi vi hoac gic chinh la t8 trén
chung gan nhat, hoic ca hai mit niim trong “ciy con mdéi” co gic
naim trong cay con néi trén. Cé mot duong di tit mdi nit tdi td
trén chung gan nhat, ndi hai duding nay ta duge mot dudng di néi
hai mit,

Mét haim ¥ quan trong cda tinh chét: ]a bt ky mit nao cing cé
thé 1a gic: mdi nit trong cay cé tinh chat la ¢6 ding modt dutng di
ndi mit d6 v6i modi mit khic trong ciy. Trong dinh nghia cta
ching ta thi gdc duge xdc dinh nén ta c6 mot cay xac dinh gic
hay midt cay ¢d hudng, mdt cay ma goc khéng xic dinh duge goi
12 mdt cay tu do.

TINH CHAT 4.2 Mot céy N niit 58 c6 N-1 canh

Tinh chat niy suy ra tif sy quan sit ring mdi nit ngoai tri
mit gée s& cd mdt cha duy nhit v mdi canh thi udi mat mit nao 46
tdi cha né, Ching ta ciing ¢6 thé chiing minh tinh chéit nay bang
phudng phdp quy nap nhi vao dinh nghia dé qui.

Hai tinh chét k& ti€p ma ching ta sé khao s4t thi litn quan dén
cac ciy nhj phan. Nhu da chi y trude day, ciu tric nay xudt hign
rat thudng xuyén trong sudt quyén sach nay, vi viy hoan toan
dang gia khi chd y d&n nhing dae trung cua ching. Cong viée nay
sé la nén tdng d& hidu cdc dic trung vé tinh nang chia cic thuat
toan khac nhau ma ching ta s gap.
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TINH CHAT 4.3 Mét ciy nhi phan cd N nut trong thi no ¢
N+1 niit ngoi.

Tinh chit nay o6 thé duge chding minh béi qui nap. Mot cay
nhj phan khong cé nit trong thi 6 mt nit ngodi, vi viy tinh chit
ding v6i N=0. V6i N>0, bt ki cay nhj phan v6i N niit trong sé cb
nhitng nit trong ciy con trdi cia ndé va N-1-k mit trong ciy con
phéi cda né, trong 46 k nm gida 0 va N-1, bdi vi goc Ia mdt mit
trong. Do gia thigt qui nap, chy con trdl cé k+1 nuit ngoai va cay
con phai ¢6 N-k niit ngoai va ta c6 tdng edpng N+1 niit ngodi.

TINH CHAT 4.4 Chitu dii duimg di ngo cia mdt clyy nhi
phan N nit trong thi lon hon chiéu dai duong di trong 2N,

Tinh chat nay ciing c6 thé duge ching minh bing qui nap,
nhung ciing c6 the ching minh cach khac. Chi ¥ rang bat ky cay
nhj phan nao ciing ¢é thé duge xay dung theo xi ly sau day: khdi
dau v6i cay nhi phan chi ¢6 mdt nit ngoai. K& dén lap lai thao téc
sau N [an: nhat mdt mit ngoai nao 46 va thay th& né boi mot ndt
trong mdi ¢o hai con 1A nit ngeai. N&u nit ngoai dudge chon d tang
k, chidu dai duting di trong tang 1én k+1 (mdt mit ngoai & tang k
bi xda di, nhung hal nit ngoai & tang k+1 duge thém vao). X1 1y
bat dau vdi mét chy vdi chidu dai dudng di trong lin chidu dai
dutng di trong lan chiéu dii dudng di ngoai déu 1a 0, x1t iy bao gom
N-1 budc va gia thng dd dai di ngoai nhieu hon hai so véi gia tang
dd dai duting di trong 6 méi budc.

Cubi clng ching ta khao sdt cac tinh chét don gian vao loai
“bac nhat” cua cay nhij phén, d6 la cAc chy nhi phan day. Nhing
chy nhj phan loai nay rit thi vi bdi vi chiéu cao cua chuing duge
bao dam thap, vi viy ching ta khong phai lam vige nhitgu khi duyit
i gbe tdi mot mit bat ky.

TINH CHAT 4.5 Chitu cao cua cay nhi phan day N nit la
khodng log,N.

Tham khao hinh 4.3, n&u dd cao 1a n, thi ching ta phai cé

2n <« N+1 «=27

boi vi ¢6 N+1 nit ngoai. Dieu nay suy ra tinh chat da néu
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(Thong thudng thi 43 cao bang ding véi s§ nguyén lam tron gan
logyN nhit, nhung ching ta mudn gi¥ chinh xdc nhu thao luan
trong chuong 6),

Céc tinh chat todn hoc siu hon V@ ciy s& duge thio luan khi
cAn trong cdc chudng sau. Bay gid ching ta chudn bj hudng tdi vin
dé thye hanh quan trong la bidu didn cdc ciy trong may tinh va
cach thao tic ching thé nao d8 cd higu qua. '

BIEU DIEN CAC CAY NH| PHAN

Biéu dién thutng diing nhat cho cc ciy nhj phan la sit dyng cac
mau tin v6i hai lién k&t cho méi mit. Thong thusng ching ta dung
lien ket duge dat tén 1a 1 va r (vit tAt cho “left” va “right”) d& chi
rang thi ty duge chon cho biéu didn thi tudng ing véi cach vé cay
trén trang gifly. Véi mot vai ung dung thi c6 thé thich hop khi o6
hai dang mdu tin khac nhau, mot dang cho cdc niit trong va mot
dang cho céic mit ngodi; d6i véi cic tng dyng khic thi ¢6 thé thich
hop khi ding ciing mét dang nat va dung cic lien k&t ctia cdc nit
ngoai cho cdc mye dich khac.

D& vi du cho viee sit dung va xéy dyng cac cAy nhi phan, ching
ta s& ti€p tuc véi vi du don gian trong chuong trude ve xi 1y cac
bigu thic s& hoc. C6 mat sy tuong tng co ban gia cac bigu thic so
hoc va cac cAy nhu trong hinh 4.4.

Ching ta ding cdc chi danh mdt ky ty thay vi nhing con s&
cho cae d6i s8; Iy Ié cho vAn d& nay s& duge gidi thich bén dudi. Cay
phan tich cho mét bidu thic duge dinh nghia bdi quy luat d& qui
dan gian: “Dat todn t& 6 gdc va k& dén dat cay tuong ung vdi toan
hang dau tién cla biéu thic & bén tréi va cay tudng wng vdi bidu
thic cta todn hang thi hai d ben phai”. Hinh 4.4 11 cay phan tich
cho biéu thic ABC + DE * * F + * (dang postfix), infix va postfix
la hai phuong phap biéu dién cic biéu thie s§ hoc, cic ciy phan
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m./c\"\
BB R

Hinh 4.4 Cay phén tich cho bidu thie AN((B+CHD*E}N+F)

tich la phuong phap thit ba.

Bai vi mdi todn tif tueng ing véi chinh xdc hai toan hang nén
cay nhi phan thich hgp cho biéu thic loai nay. Céc biéu thic phifc
tap hon c6 1é doi hoi mot dang cay khac. Ching ta s2 trd lai van dé
nay chi tiét han trong chuong 21; myc dich cua ching ta ¢ day la
x4y dyng mdt bidu dién cay ela biéu thidc s3 hoc.

Chuong trinh sau sé xay dyng mdt cay phan tich cho mot bidu
thic sd hoc tir dit ligu nhap 1a mdt bidu thue dang postfix. Day la
mbt higu chinh don gian cida chuong trinh trong chuong trude
diing 4€ lugng gid céc bidu thifc postfix bang cdch dung mdt ngan
x8p (stack). Thay vi luu cic k&t qua trung gian cia cic tinh toan
trén ngan x&p thi chiing ta luu céc cay biéu thic nhu trong cai dat
sau day:
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type link=Tnode;
node=record inforchar, Lr:link end;
var x,z:link; c:.char;
begin
stackinit;
newfz); z*t A=z 2! =z
repe:t
repeat readfe) untile=" %
newx); x T.info:zc;
if(e="*Joric="+"
then begin x T .r.=pop; 1 .1: =pop end
else beginxt r:=z 21 1'=2 end;
pushix);
until eoln;

Céc thu tuc stackinit, push, va pop & day lién quan dén doan
chudng trinh trong chuong 3, duge sita d6i bang cach dat cic lien
k&t vho ngan x&p thay vi dat cic sd nguyen vao d6. Céc thi tuc
nay s& khong duge trinh bay & day. Mbi mit c6 mét ky ty va hai
lien két tdi cic nit khac. Méi khi gap mot ky ty mdi khac khoang
tréng thi mdt mit duge tao ra bing cach ding thda tuc new ciia
Pascal. N&u nd 1a mdt todn tid thi cac cAy con cho cde todn hang
cia né duge dat vao dinh clia ngan x&p Ia null. Thay vi dung cae
lien k&t null nhu vdi cdc danh sach, chiing ta diing mdt ndt nhap
14 z ma cédc lign k&t cla né chi tdi chinh noé. Treng chuong 14,
chiing ta sé kiém tra chi tigt 46 xem ditu nay lam céc thao tac trén
cay thufin tién hon nhu th& nao. Hinh 4.5 cho thiy cac trang thai
trung gian trong qué trinh xay dyng cay trong hinh 4.4. Chuong
trinh don gian o6 thé duge sia ddi d& phi hop véi cic bibu thic
phie tap hon bao gom cdc todn tif d&i s§ don nhy cic bidu thie lay
thira. Tuy nhién so do rit tdng quat: mot so do y het duge dung
ngay ca khi phan tich va bien dich cac chuong trinh Pascal. Sau
khi ciy phan tich duge tao lp thi né cd thé duge ding cho nhisu
viée, chimg han nhu lugng gid bidu thie hay tao cac chuong trinh
mdy tinh d& lugng gia bidu thic. Chuong 21 sé thio luin vé cée
thi tuc téng quat dé xay dyng cdc cay phan tich. Dudi day chiing
ta s& thiy cay c6 thé dude diung nhy thé nao @8 lugng gia bidu thic.
Tuy nhién, véi myc dich cia chuong nay, chidng ta thu vi nhit
trong cic sd d6 clia sy xay dyng cay.
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Hinh 4.5 Xdy diung cay phén tHeh cho bidu thiee ABD+DE*F+ *

Nhu véi cac danh sach lien két, ludn ludn cb thé thay tha cic
méang song song cho cic con trd va mau tin dé cai dat cfiu tric da
lidu cAy nhj phan. Nhu trude day, didu nay dic bigt hitu dung khi
86 mit duge biét trude, cing nhu viy, truding hgp dic biet cy thé
khi cac mit chi®m mbt mang s duge dung cho muyc dich khac.

Bi€u dién hai lién k&t cho cay nhj phan da ding & trén cho
phép duyét xudng phia dudi ciy nhung khéng cung cip phuong
phip duyét lén phia trén cay. Tinh hudng nay tuong ty nhu cic
danh sach lién két don so vdi cdc danh sich lién k&t kép: ngudi ta
c6 thé them mét lién k&t khac vio mbi mit d& cho phép di chuyén
tu do hon, nhung gia phai tra la sy cai dat sé phic tap hon. Cac lya
chon da dang khac thi c6 sin trong cdc cdu tric da litu dé lam
giam nhe sy di chuyén xung quanh cay, nhung vdi cac thuat toan
trong quyén sich nay thi sy bigu dién hai lign k&t da du téng quat.

Trong chudng trinh trén chung ta dia dung mit “nhap” thay
thé cho cdc nit ngodi ciing gifng nhu cic danh sach lien két, didu
ndty trd nén thuan tign hon trong hau hét cic tinh huéng, nhung
khong phai né ludn ludn thich hgp, v ¢6 hai cach giai quyét khdc
thutng dung. Mot cich la ding mdt dang nit khic cho cdc mit
ngoai, dung nut khdéng o6 cac lien két. Phuong phédp khac la danh
dau cdc lién két biing mot phudng phap nao dé (dé phan bigt ching
véi cdc litn k&t khac ¢ trong cay), ké dén ching chi d8n noi khac
trong cay; mot trong hai ciach nay s& duge théo lufin bén dudi.
Ching ta sé ghp lai van dé nay trong chuong 14 va chudng 17.
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Cac cay nhj phan c6 hai litn két ben dudi mdi nit trong, vi vay
bidu dién duge ding & trén la ty nhién nhét. Nhung ching ta bidu
didn nhy the nio ddi véi cac cay tdng quat hay cic ritng ma trong
d6 mdi nit o6 th€ ddi hoi mét s8 tiy y cac lien k&t dén cic nit bén
dudi?

k I 2 3 4 3 &8 7 8 9 0 M
akl DOOOEOEOO®E
dadik)} 2 3 K 8 3 3 3 9 10 10 i0

Hinh 4.6 Biéu dién lién két cha cia mdt cay

Trudc tién, trong nhiéu wng dung, ching ta khéng can duyat
xubng phia dudi cAy ma chi duy2t lén! Trong cic trudng hgp nhu
the, ching ta chi cAn mot lién k&t tdi cha cia ndé cho mai niit.
Hinh 4.6 cho thiy bi€u dién theo phudng phap nay cho cAy trong
Hinh 4.1: mang a chua thang tin k&t hop vdi méi mdu tin va méng
dad chuda céc lign két cha. Do d6 thong tin k&t hgp vdi cha cia ali]
la a[dadli]]... Do quy ude gdc sé trd dén chinh né. Day la mét bidu
dién nén ma dugc gidi thitu néu vige duyst hudng len phia trén cay
1a thich hgp. Chung ta s& thay vi dy vé st dung ctia bidu di&n nay
trong chuong 22 va chuong 30.

D& bi€u dién mdt ritng cho x{ Iy tir trén xudng, ching ta can
mdt phuong phép d& theo doi con ciia mbi nit ma khong phai cip
phit tru6c mdt s§ cu thé cho bat ky nit nao. Nhung dieu nay
chinh I dang thu hep ma cdc danh sach lien k&t dudc thist k& da
thye hign duge thao tdc x6a. RS rang ching ta nén ding mbt danh
sich lién két cho cdc con cla mdi nit. K& dén mdi nit chita hai
lién két, lai dung cho danh séch lién két edia cac con né. Hinh 4.7
minh hoa biéu dién nay cho cay trong hinh 4.1. Thay vi dimg mat
mit nhip dé két thic mdi danh sach, ching ta chi ¢an lam cho né
trd trd vé cha cha n6; dieu nay cung cp mot cich dé di chuyén len
trén cing nhu xudng dudi day (Nhing lign két nay o6 thé duge
dinh diu dé phan bigt ching véi cic litn k&t “anh em”; chiing ta
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Hinh 4.7 Biéu dién niit con tréi nhdt, va anh em bén phdai cia mdt cay

ciing o6 thé quét xuyén qua cic con ctia mdt nit bing cich danh
d#u hay nhé tén ciia cha sao cho qua trinh quét o6 thé dimg khi
gap tro lai cha cia ching.)

Tuy nhién trong bidu dién nay thi mdi mit c6 chinh x4c hai
lien k&t (mot tdi cac anh en: bén phai, lizn k&t con lai t6i con trdi
nhét cta né). Ngudi ta o6 thd thic mic khéng bidt c6 sy khic nhau
gilta cilu trdc d@ ligu nay va cy nhj phan hay khéng. Cau tra i Ia
khéng ¢o, xem hinh 4.8 d€ thay bidu didn cay nhi phan cla cay
trong hinh 4.1. Ditu nay cho thiy rang bat k¥ ritng nao deu ciing
¢6 thé duge bidu dién nhu mdt cay nhi phan bing cach lam cho
lien k&t trai cia mbi nit tro tdi con trai nhat cia né, va lien két
phéi clia mdi nit trd tdi cAc anh em bén phai cia né (két qua nay
thuong lam ngac nhién cdc ddc gia [an dau tien bidt ).

Tir 6 ching ta khang ngai st dung ritng bat cif hic nao thuan
tién trong thiet k& thuat todn. Khi lam viéc tir dudi 1én trén, bidu
dién lién k&t cha lam cho ring duge thao tac d& dang hon, va khi
lam vigc tir trén xudng thi chiing tuong duong that sy véi cic cay
nhij phén.

Hinh 4.8 Bi#i dién cay nhi phén ciia mot chy
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Mbi khi mot cay da duge tao xong, viec dau tien ngudi ta can la
lam thé nao a8 duyet khip moi mit cia né: lam thé ndo d& “tham”

" mdt chch he thdng mei nit. Thao tac nay thi lai tam thuting doi
véi cac danh sich tuy&n tinh nhd vao dinh nghia cua ching, nhung
d8i voi cay thi c6 mdt s8 diém khdc trong qua trinh xu ly. Cac
phuong phap khac nhau chi yéu & thit ty ma ching thim cdc nut.
Nhu chiing ta sé thay, thd ty nit khac nhau thi thich hgp cho cic
1ing dyng khac nhau,

Bay gi ching ta sé tap trung vio vigc duyét cay nhj phan. Boi
vi su tudng dudng cia céc riung va cdc cay nhi phan, cic phuong
phéap duge trinh bay cing hitu dung cho ritng, nhung ching ta sé
chd ¥ sau Ia 1am th& ndo ma ap dyng tryc tiép cic phuong phap
niy vao rung.

Phuong phap dau tien dude khdo sit 13 duyét theo thit tu dau
(preorder traversal), nhu d& vist ra bigu thuc duge bitu dién bdi
cay trong hinh 4.4 dudi dang prefix. Phuong phip nay duge dinh
nghia don gian bing d& qui nhu sau: “tham gée, k& d6 tham cay
con trai, k& d6 tham ciy con phai”. Cai dat don gian nhét cla
phucng phap nay la mot chl dat &2 qui sé duge cho thiy trong
chuang téi va rit gidng véi cai dat dya vio nghn xép nhu sau:

procedure fraverse(t:link);
begin
pushitl
repeat
t;=pop; vistift);
if t< >z then push(tT r),
ift<>z thenpush(t
until stackempty;
end;

(Ngan x&p gia st duge khai dong ben ngoai thi tyc nay). Theo
quy luat nay, ching ta “tham mot cay con” bang cich tham goc
trude tien. K& dén, boi vi ching ta khong thé tham ca hai cay con
mbt lic, ching ta phai luu ciy con phai vao ngin x8p va tham cay
con trai. Khi cy con trdi da duge tham xong, ciy con phai s& @
dinh cia ngin x&p; k& d&n ta c6 thé tham né. Hinh 4.9 cho thiy
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Hinh 4.9 Duyét tién thit tue (Preorder traversal)

chuong trinh nay hoat dong khi ap dung vao cay nhi phan trong
hinh 4.2: thd ty ma cac nit dugctham laPMSAALERTEE.

D& ching minh chudng trinh nay ludn tham cac nit theo thi
ty dau, nguti ta c6 thé qui nap véi gia thidt qui nap rang céc cay
con da dugc tham theo céc tién thid tu va ndi dung cia ngin x&p
ngay trudc khi thaim mot cay con thi y hét nhu noi dung cta né
ngay sau khi tham.

Phuong phdp thi hai la duyét theo thw tu gilra (inorder
traversal), vi du nhu dé€ viét mot ra cac biéu thuc s8 hoc tuong ing
vli cac cAy phan tich dudi dang infix (véi vai cong viéc phu dé lay
ding cac ddu ngoiic). Tudng ty nhu véi cach duyét theo thi ty dau,
phuong phap nay duge dinh nghia bang quy luat dé qui nhu sau:
“tham cay con trdi, k€ dén tham gfc, r6i tham cay con phai”.
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Hinh 4.10 Duyét trung thit tur

Phuong phép nay doi khi ciing duge goi la thu tu dsi xung
(symmetric order) véi ly do hién nhién. Sy cai dat chuong trinh
dya ngin x&p cho phuong phap nay thi hau nhu gidong véi chuong
trinh & trén; chiing ta sé bo qua & day bdi vi né sé la vin dé chinh
cua chuong téi. Hinh 4.10 cho thdy cac niit cia cily trong hinh 4,2
dugc thim nhu thé nao khi ding phuong phép duyét theo thi tu
gita : cac mit dugc tham theo thi ty ASAMPLETREE.
Phuong phap nay c6 kha nang duge dung rong rai nhit, vi du né

~dong vai tro trung tam trong cic ung dung cia chuong 14 va
chuong 15.

Dang thi ba ciia sy duyét cay dé qui duge goi la thi tu cudi
(postorder) dugc dinh nghia la “viéng tham cay con trai, viéng
tham cay con phai, roi tham géc”. Hinh 4.11 cho thiy cac nit cia
ciy trong hinh 4.2 dude tham nhu thé nao khi ding phuong phap
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Hinh 4.11 Duy¢t hau thi tu

thu ty cudi: cac nit duge tham theo thi tr AASMTEEREL
P. Khi viéng tham cay biéu thic cia hinh 4.4 bang phuong phap
nay ta duge biéu thic dung nhu mong dgi 1a ABC + DE * * F + *,
Sy cai dat chuong trinh dya vao ngan x&p cho phuong phap nay
phuc tap hon hai phuong phéap trén boi vi phai dan x&p cho gbc va
ciy con phai duge Iwu trong khi cay con trai duge tham va goc phai
dugc luu trong khi cay con nho duge tham. Cac chi tiét cia cai dat
nay dugc danh nhu mot bai tap cho doc gia.

procedure traverse(t:link);
begin
put(t);
repeat t:=get; visit(t);
if <>z then put(tT r);
if <>z then put(t1.1):
until qucuempty;

end;
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Hinh 4.12 Duyét theo thii tic tang

Chién luge duyét thit tu ma chung ta sé khao st thi hoan toan
khong dé qm ching ta chi don gian viéng cac nidt nhu ching xuit
hién trén gidy, doc xudng tit dinh xudng dudi day va tit trai sang
phai. Déy goi la duyét theo thit tuw tang (level-order traversal) boi
vi tit ca cac nit xuit hién lan lugt xuit hién trén mbi tang. Hinh
4.12 cho thiy cdc nit cta cay trong hinh 4.2 duge tham theo thi
ty tAng nhu thé nao.

Diéu dang luu y la qua trinh duygt theo thi tu ting c6 thé cai
dat bang cach dung chudng trinh dé duyét theo thi tu dau véi dieu
kién dung ciu tric hang dgi thay cho ngan x&p:

N6i mot cach khic thi chuong trinh nay dong nhét véi chuong
trinh trude va chi khac la dung mot ciu tric di ligu FIFO thay vi
dung cdu tric dd ligu LIFO. Nhirng chuong trinh nay rit dang
dugc nghién cidu ky ludng vi chiing da néu bat ban chit khac nhau
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giita ngan x8p va hang dgi. Ching ta sé trd lai vén de nay trong
chuong 30.

Céc phudng phap duy@t ciy theo thit ty dau, thi ty cudi va thi
ty €ang thi cing o6 thé duge dinh nghia tudng ty cho rirng. DE lam
dieu nay, chiing ta hay xem nhu ritng 13 mét cay véi mot gbe tudng
tugng. Khi dé phuong phap thd ty cudi la “thim méi chy con, ké&
d&n tham géc”, phuong phap thi ty dau 1 “tham gdc, k& dén tham
mdi ciy con”, phuong phap thi ty tang thi y hét nhu 48 véi ciy
nhj phan. Cha ¥ ring phudng phap duyét thd ty dau cho mét rimg
thi gitng nhu phudng phap tha ty dé cho cay nhi phan tuong ung
nhu duge dinh nghia & trén, con phudng phéip thy ty cudi cho mbt
rimg gidng nhu phudng phdp thd ty d6 cho cfly nhi phan, nhung
véi thit ty tang thi khong gidng. Sy cai dat inye tiép ding cic ngan
x&p va hang dgi 1a cac khai quat don gian cua cdc chuong trinh cho
cac cAy nhi phan. '
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. Cho bigt thd ty ma cic mit duge tham khi ap dung cic phuong
phap duydt theo thit ty dau, thu ty gida, thd ty cusi, va tha ty
tang d6i vai cay trong hinh 4.3, ‘

- Cho biét dp cao cta cay 4-huéng day di 6 N niit.

3. Vé cay phan tich cia biéu thic (A+B) * C + (D+E)

=]

1

- Khao sat cay trong hinh 4.2 nhu mot rimg nghia ma dude bidu
dién nhu mot cay nhi phan. Vé ra bidu dién d6.

- Cho bigt ndi dung ciia ngin x&p mbi khi mét ndt duge tham
trong subt qua trinh duydt theo thy ty fang duge mo ta trong
hinh 4.9,

» Cho bigt ndi dung cta hang dgi méi khi mot nit duge tham
trong sudt qud trinh duygt theo thy ty fang dude md ta trong
hinh 4.12.

+ Cho vi du v& mot cy ma ngan x&p khi duyét theo thi ty dau
chiém nhigu khong gian luu tri hon hang doi trong duyét theo
thi ty tang,

- Cho vi dg vé mot cay ma ngan x8p khi duyét theo thi ty dan
chiém it khéng gian luu tr hon hang dgi trong duyét theo thi
tu tang,

. Cho mot cai dat dya trén ngan x&p cla phuong phap duyét theo
thit ty cudi cho mot cay nhi phan.

0. Viet mdt chuong trinh d& cai dat phuong phép duyet theo thi
tu tang ciia mot rirng duge bidu difn nhu mot ciy nhi phan.



S5
PE QUI

De qui la mdt khai ﬁi&m cd ban trong todn hoc va khoa hoc
miy tinh. Dinh nghia don gidn cia mdt chusng trinh d& qui la
chuong trinh ma goi d&n chinh né (va mot ham dé qui la mot ham
ma duge dinh nghia dya vao chinh né). Mt chlrdng trinh d& qui
thi khong thé€ goi dén chinh né mai mai trir khi né khdong bao gits
dLIng (va mot ham d& qui khéng thé hic nao cing dinh nghia dya
vao chinh no trir khi dinh nghia bj xoay vong); mat dieu kign can
thigt la phai cé didu kign k&t thdc khi chuong trinh khéng goi dén
chinh né nita (vh khi haim khdng duge djinh nghia dya vao chinh
né). Tat ca nhdng tinh todn thyc t& déu c6 thé dién dat bling
khudn mau dé qui.

Muc dich chinh cta ching ta trong chuong nay ia khao sit dé
qui nhut mdt cong cu thye hanh. Trude tién ching ta dua ra vai vi
du khong thuc t& @& cho thiy méi lign he gita qui nap todn hoc va
chuong trinh dé qui. K& dén chling ta minh hoa mf)t vi dy méu dau
tién vé mot chuong trinh d2 qui “chia ra 48 tri”, day 1a dang ma
chung ta sé dung dé giai cac bai toin cd ban trong nhitng phan sau
cla quyén sach nay. Cudi ciing ching ta thao luin lam thé nao 48
khi bo d qui tit mét chuong trinh dé qui bat ky va dua ra mét vi
du chi tigt v& sy khi d@ qui tir mat thuit todn duyét ciy dé qui don
gian d& dua vé mot thuat todn dya ngin x€p khong de qui.

Nhu chiing ta sé thiy, nhigu thuat todn }y thd hoam toan dude
gidi quyét don gian bing cic chucng trinh dé qui, va nhiéu nha
thiét ké thuat toan thich dién dat van da theo kiéu dé qui. Nhung
cang thutng xay ra trudng hgp nhitng thuit todn thd vi ma khé
thily cac chi tigt cua mt cai dat khﬁng d& qui - trong chudng nay

ching ta sé thao luan cac k¥ thuat dé t1m thidy nhing thuat todn
nhu thé.
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CAC DAY TRUY HOI

Dinh nghia dé qui cia cAc ham s§ réit thudng xay ra trong toin
hoc, dang don gidn nhit ma bao gbm céc d8i s nguyén duge goi la
céc quan hg truy hoi. C6 16 ham quen thudc nhit thupe loai nay
la héim giai thita, n6 duge dinh nghia bdi cong thic:
NI=N.N-)!vdiN=>=1va0l=1

Ham nay tuong dng vai chudng trinh d2 qui don gian sau day:

function factorial{N:integer):integer;
begin

if N=0

then factorial; =1

else factorial: =N*factorial(N- 1);
end;

Chuong trinh minh hoa cde chic nang co s& clia mot chuong
trinh dé qui: n6 goi d&n chinh né (véi mét gia trj d6i s6 nhd hon),
va né o6 mit dieu kién két thic ma tinh truc tiép ket quA ciia noé.
Mat khic chiing ta thily khong c6 khé khan gi khi cai dat chudng
trinh trén bang vong lap for, vi vay vi dy nay réit khé thuy&t phyc
sic manh cia dé qui. Mot diém can chi y }a ndu goi chuong trinh
trén véi ddi s8 Am, chéng han factorial(-1) thi sé bj mat vong lap
vd han; day 1a mot 16i thubng xiy ra ma o6 thé xust hién tinh vi
han doi véi cic chuong trinh d@ qui phiie tap.

Mot quan hé truy hoi ndi tigng thd hai la céc s6 Fibonacci:

Quan hé nay dinh nghia day

1,1,2,3,5,8,13,21,34,55,89,144,233,377,610, ...

Mot fan nita ching ta o6 chudng trinh d¢ qui don gian sau day:

function fibonacci{N:integeriiinteger;
begin

If N<=]

then fibonacci: =1

else fibonacci: =fibonaccifN-1)*fibonacci(N-2);
end;
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Ngay ca cic vi dy nay cing it thuy&t phuc vé “site manh” cda
dé qui; thay vi vay né cho thiy ring d2 qui khéng nén dm;sc dﬁng
mét cich mi quang hay khong thé luang trude hiu qua. Van 42 &
day 1a viéc goi d2 qui cho thiy Fy, va Fy. dirge tinh mot céch doc
lap, trong khi that ra d& tinh Fy_; ngudi ta c6 thé diang Fyy 5 (va
Fn.3). C6 thé tim duge chinh xdc s8 lan goi ham fibonacei khi can
tinh toan Fy: sbféngmcéndétmhFNIasfiIangmdétmhF 1
cong voi s§ lan goi d& tinh Fy o trif khi N=0 hay N=1 thi chi cin
mét [an goi. Do d6 s6 [an @ tinh Fy bing ding FN, nhll'ng ta da
bigt Fy khodng aN trong d6 a # 1.61803... Ix “ty sb ving”: that sy
dang sg khi chucing trinh trén 1A mdt thuat toan thii gian lay thia
ma chi @€ tinh céc s6 Fibonacci ! Nguge lai vd cung dé tinh todn
Fy v6i thdi gian tuy@n tinh nhu sau:

procedure fibonacci;
const max=25;
var i:integer; Frarray/0. .max]of integer;
begin

F{0f:=0; Ff1}:=1;

for 1:=2 to max do Ffi} =Fi- 1+ Ffi-2]
end;

ChLIdng trinh nay tinh max s Fibonacei dau tién, no s dung
mdt mang max phan td. (Bdi vi céc s0 tang 1én theo liy thia nén
max sé nhé.)

That ra ki thuat ding mang d€ luu cdc két qua trude 46 la
phyong phap thudng dude chon d8 tinh todn cic quan hé truy hoi
thuting xuat hign khi chiing ta mudn xac dinh tinh ning cia céc
chudng trinh dé qui, ching ta s& thiy qua nhidu vi dy cia quyén
sach nay. Vi du nhu trong chuong 9 ching ta sé gap phudng trinh:

CN = N—14= 3 (Ck-1+ CN-K) v6i N>=1va Co=1.
=1.N
Gid trp cha Cy c6 thé duge tinh dé dang hon bing cich ding
mdt mang nhu trong chudng trinh trén. Trong chuong 9 ching ta
s& thao luan 1am the ndo d€ sit dung cdng thic nay, vi nhidu quan
he truy hot thudng st dung sé thao luan trong chuong 6.
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Mdi quan he gida cdc chudng trinh dé qui va cic ham duge
dinh nghia d qui thi c6 ¥ nghia triét hoc hon la ¥ nghia thye t&.
N6i mit cdch chinh xac, véin dé duge dua ra & trén khdng nhitng
mudn ban d&n chinh khai niém dé qui ma cdn mudn ban dén van
de cai dat: mot chuong trinh bien dich thdng minh o6 thé kham
phd ra ring ham giai thita c6 thé dude cai dat higu qua bing vong
lap va ham Fibonacci 6 thé duge si dung t&t hon bang cich hwa
tit ca cde gid tri duge tinh trudc d6 vao mot trong mang. Dudi day
ching ta s& quan st chi ti&t hon vé so-do cai dat cac chuang trinh
dé qui.

CHIA PE TRI

Hau hét cée chuong trinh d& qui ma chiing ta khio sat trong
quyén sich nay deu sit dung hai Ian goi d& qui, m&i lan ding mot
nifa dif ligu nhap. Van de nay ciing duge goi la so do “chia 48 tri”
trong linh vie thiét k& thuat todn va dat duge ldi it vé kinh t& dang
ké. Céc chudng trinh chia dé tri thong thuong khong thé dua va
cac vong lap binh thung gidng nhu chuong trinh tinh giai thira &
trén, boi vi chiing o6 hai lan goi d¢ qui; ching cing khong thé dua
vé dang gidng nhu chudng trinh tinh cic s Fibonacei, bai vi di
lieu nhap dugc chia lam ddi nhung khong c6 phan chung.

Bay git chiing ta hay xét vi dy vé cic nét vach cho méi inch
trén mdt chy thude: o6 mot nét vach & didm 1/2“ caAc nét vach
ngén hon mét it & cac doan 1/4”, cdc nét vach ngin han nita dcdc
doan 1/8“.. nhu trong hinh 5.1 (dudi dang phéng dai). Nhur chiing
s& thay cé nhidu phuong phap gidi cho vi du nay, va day 1a mot vi
du don gian v& cic tinh toan theo kiéu chia d8 tri.

N&u 4o phan giai can thiét 1a 1/2™, d& cho don gian chung ta
nhan them mot he s§ 2, vi viy ching ta phai dat cic nét vach &
mdi diém gita 0 va 2", khong can dé y dén cic didm daw muit. Gia
s 06 sin mot thi tyc mark(x,h) 48 v& mot nét vach co chigu cao h
ddn vi tai vj tri x. Nét vach gida cao n don vi, cic nét vach giia hai
doan con s& c6 chiéu cao n-1 don vj, ... Chuong trinh d2 qui "chia
dé tri* sau day dé giai quy&t hoan chinh vin db cua ching ta.



CHIA DE TR] _ 71

procedure rule(l,r.h:integer);
var m:integer;
begin
if A>0 then
begin
me=(I+r) div 2; mark(m,h);
rule(l,m,h-1); ruletm,r,h-1);
end;
end;
Vi du néu goi rule(0,64,8) thi sé duge k&t qua nhy hinh 5.1, v6i
t 12 thich hgp. ¥ tuéng ciia phuong phép néi trén la: d€ danh déu
cac nét vach tmng mdt doan, trude titn ta v@ mot nét vach dai ¢
gida, thao tic nay chia doan lam hai nda bing nhau, kén d&n vé
cdc vach (nghn hon) trong mét niia dau tign bang cling mot thé

tuc, k& dén vé cde vach (ngén hon) trong mdt nia thi hai bang
cung mdt thi tye nhu nhing lan vita vé.

Hay chd ¥ vao didu kign két thiic cia chudng trinh dé qui bdi
vi n8u khong thi o6 thé chudng trinh s& khéng bao gi ding!
Trong chudng trinh trén, ching ta dirng khi d6 dai cda nét vach ia
0. Hinh 5.2 minh hoa chi tiét cia qua trinh xu ly, chiing ta thiy
mét danh sach cace thu tuc duge gpi va cac vach cd duge sau khi goi
tha tuc rule(0,8,3).

|
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Hinh 5.1 Mot iy thude

Vai bai thp nay, ta thily tha tu cic nét vé s& khong thich hgp
JAm, n&u nhu dat dong lénh goi thi tuc mark vao gitta hai dong
lenh dé qui thi ta sé co thit ty khéc hoan chinh hon nhy thdy trong
hinh 5.3 trang sau, trong d6 cAc nét vé theo thu ty tir trai sang
phai.

Tap hop cdc nét vé c6 duge do hai thd tuc nay lJa nhu nhau;’
nhung thi ty lai hoan toan khéc nhau, diéu nay s& dude giai thich
boi biéu d6 hinh ciy trong hinh 5.4. Bigu d& nay c6 mat nit tuong



72 ' PE QUI

Ung voi mot Ian goi thi tuc rule, mdi nit duge gin nhan béi cic
tham s8 khi goi thi tyc, con cla méi nit trong cay thi tuong ing
voi cdc [an goi dé qui cho thi tuc rule. Hinh 5.2 tuong Ung vdi
duyét ciy nay theo phuong phap tién thit ty (& day “vieng tham”
mot nit la tudng dng véi goi t6i thd tuc mark); Hinh 5.3 tuong
Ung vdi duyét cay theo phudng phép trung thi ty.

N6i chung thi cic thudt toan chia d€ tri hoat dong blng cich
tach dif lidu nhap thanh haj thanh phan, hay phéi hop két qua cla
hai by phan dit lidu nhap duge x¥ Iy doc lap, hay trg giip mot &
vige sau khi mdt nita dit lidu nhap da duge x1& Iy. Nghia Ia 06 thé c6
code chudng trinh trudc, sau, hay chen gifta hai [an goi dé qui.
Ching ta s& thay nhidu vi dy v& cdc thut toin nhu thé sau nay,

_dac bigt la trong cac chuong 9, 12, 27, 28, va 41. Ching ta cing
gap cac thulit todn ma khéng thé hoan toan theo phuong phép chia
dé tri: 06 thé dit litu nhap duge tich thanh cic mau khéng bing
nhau hai thanh nhitu hon hai miu, hay c6 thanh phan chung gitta
cdc miu. Trong chuong k& tidp, chiing ta s& nghién cdu cac quan

* Hinh 5.2 Vé mét city thusse
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h¢ truy hoi gidp chiing ta xac dinh chinh xde cc chién luge chia dé&
tri 6 thé tist kigm bao nhidy thyi gian va khong gian luu tri.

Chiing ta c6 thé dé dang xay dyng cic thut toan khong d¢ qui
cho bai todn nay. Phuong phap don gidn nhat 1a va ching theo thy
ty nhit trong hinh 5.3, bang cich ding mdt vong lap tryc tiép

for i:=1 to N-1 do mark (i,height(i)).

Ham height(i) duge tinh khong khé khan 1&m, chi can dua vao
biéu dién nhj phan cia i. Nhy da duge chid y trong chuang 2 va
duge théo luan chi tist trong chuang 10, sy lam viee véi bidu didn
nhj phan cia cac s thi kha thi nhung lai khéng phi hop d6i vai
ngdn ngdt Pascal. Cé thé chuyén thuat toan dé qui ctia bai toan nay
thanh mot thuit todn khong d& qui nhis vao mét qui trinh “khi d@
qui” rit chu ki ma ching ta & trinh bay bén dudi cho mét bai togn
khae.

O |
|:I 1
Ll ]
Lot o1 ]
ol .
bt 1.y
TN

. ;
Hinh 5.3 Ve mét cay thuve (phién ban trung thi; fe)
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Gag Gap @50 Es0 €28
Hinh 5.4 Cay goi dé quy dé vé mét cdy thude

Mot thuit toan khong d2 qui khac ma khong tuong Ung v bat
ki mot cai dat d& qui nao la vé céc nét vach ngin nhit tridc tién,
k& dén vé cac nét vach dai han mot it... nhu trong chuong trinh
gon hon sau day:

procedure rule(l,r,h:integer )y
var i,jinteger;
begin j:=1;
fori:=1toh do
begin for x:=0 to (I+r) div j do mark(l4+j+x*(j+i)i);
Je=itj
end;
end,

Hinh 5.5 trang sau cho thiy chudng trinh nay vé cic nét vach
phy thé nac, qua trinh nay tuong dng vdi viéc duyet chy trong
hinh 5.4 theo thi ty tang (t&¥ dudi 1én trén) ma khong dung dé qui.

Thuat toin vira néi tueng dng véi mot phuong phap tng quat
trong viec thigt k& thuat todn, ching ta gidi mot bai todn bang
chch gidi quyét trude cdc trudng hgp tam thubng, ké d&n phdi hop
nhitng i giai nay d€ gidi quyst trudng hgp tong quat hon mot it...
cho d&n khi toan bd bai toan duge gidi xong, cach tiép can nay duge
goi 1a “t8 hop va gial quyst”. Trong khi bat ky chuong trink dé qui
nao deu oo thé cai dat lai mot cach khéng dé qui thi nguge lai
khong phai ludn ludn c6 thé bd tri lai cde tinh todn bang phuong
phép nay. Nhigu chuong trinh d& qui budc céc bai toan con dugc
giai theo mot thu ty cu thé. Cach tiép can nay theo kigu tir dudi
lén, né nguge lai cich tiép can tit trén xudng cua phuong phap
“chia ra dé tri”. Chiing ta s& gip nhidu vi dy vé vin d& nay, quan
trong nhit la trong chudng 12. Mot sy tong quat héa cla phuong
phép nay s& dudc thao luan trong chudng 42.
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Hinh 5.5 Vé mé¢ ciy these khéng dé quy

Hinh 5.6 cho thdy mot méu hai chigu minh hoa mdt mbd ta de
qui don gian ma lai dn t6i mdt hinh phe tap. Chuong trinh vé ra
mau bén trdi chi la sy tdng quat héa mdt it cia chuong trinh va
thude : ham vé co ban duge ding trong chudng trinh chi la ham ve
mét hinh vudng kich thuée 2r ¢6 tam tai (x,y). Tuong tyf nhy miu
bén trdi, ddc gia hay of ging tim mot thuat todin d& qui cho méu
ben phai. Bjc gia cing nén tim mot thudt toan khong d@ qui cho
mAu nay.

Cée mau hinh hoe duge dinh nghia d2 qui gidng nhu hinh 5.6
d6i khi ciing dugc goi 1a ciec méu fractal. Néu ching ta dung cac
ham vé& oo ban phic tap hon va nhigu mé ti dé qui phiic tap han
{dac bigt Ia cic ham duge djnh nghia dé qui trén mit phing thuc
va phuc) thi chiing ta s8 ¢6 cic miu phic tap va da dang rdt ding
quan tam.
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Hinh 5.6 Mét ngéi sao fractal duge vé véi cac hip (bén trdi) va mot ngo
sao duge vé béi dudomg vién cua cac hop (bén phai).

procedure star(x,y,r:integer);
begin

if r0 then

begin
star(x-r,y +r,r div 2);
star(x+r,y+r,r div 2);
star(x-r,y-r,r div 2);
star(x+r,y-r,r div 2);

" box(x,y,r);
end

end;
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DUYET CAY THEO PHUONG PHAP BE QUI

Nhuv da thiy trong chudng 4, c6 1 phucng phap ddn gidn nhit @8
duyét cdc nit cia mdt cay la sy cai dat d@ qui. Vi dy, chudng trinh
sau day sé vi€ng cic nit cia mét cy nhj phan theo kidu trung thi
ty:

procedure traverse(t:link);
begin if <>z then begin traversett ! .1); visit(t); traverseftt ri; end;
end;

Cai dat nay phan 4nh chinh xac djnh nghia cia phudng phap
duyét trung thi ty: “N&u cay khong trong thi trude tidn duyét cay
con bén trdi, k& dén viéng tham nit goc, va k& dén la duyat cay
con bén phai”. Hién nhién phudng phép tien tha ty cing cd thé
dugc cai dat bang cach dat dong lenh goi thi tha tuc visit & phia
dudi cua hai dong 1énh goi dé qui.

Sy cai dat dé qui cho bai todn duyét ciy thi ty nhién hon nhidgu
so vdi cai dat dya vao ngan x&p bdi vi cdc cay deu a cac ciu tric
dugc dinh nghia d2 qui vh bdi vi cac phuong phap duyet tien tha
ty, trung tha ty, vd hau thi ty cing deu la cdc tigh trinh duge
dinh nghia mot cach de qui. Nhung nguoc lai chiing ta thiy ring
khdng cé phuong phap thong thusng 48 cai dit mot th tuc 42 qui
cho phuong phap duyét cay theo thi ty tang. Ching ta s quay lai
vin dé nay trong chuong 29 va 30 khi khio sit cic thuat toan
duyét cho cdc do thj ma e céc ciu tric phite tap hon cay nhigu.

Sy sia d6i don gidn chuong trinh d2 qui néi trén va sy chi dut
thich hgp cho thi visit c6 thé dua tdi ese chuong trinh thao tac
trén nhigu tinh chat rit da dang cia cdy. Vi du nhu chuong trinh
sau day cho thay lam cich nao dé tinh duge toa do dé dat cac nit
cua ciy nhi phan trong cac hinh ciia quyén sich nay. Gia sit mdu
tin dugc dimg d& Iuu tri céc nit bao gom hai trudng nguyén tuong
Ung vol céc toa dd x va y clia nit trén gidy. (D€ tranh cac chi tist
vé sy ti 12 va tinh ti&n, nhiing toa 49 nay duge gia s la cdce toa d6
tuong ddi: ndu mot cy c6 N mit va o6 chidu cao h, thi toa x hudng
trai t6i phai tit 1 t6i N va toa d0 y hudng trén xudng duéi tir 1 t6i
h.) chuong trinh sau day dat vao cac truong nay cac gia trj thich
hgp cho méi mit: o
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procedure visit(t:link);
beginx=x+1; ¢ w=x ¢t Ty =y,

end;

procedure traverse(t:link);

begin y:=y+1;
if t<> z then begin traverse(t! I), visit(t); traverse(t1.r); end;
yo=y- -1
end;

Chuong trinh dung 2 bign toan cyc x va y dugc gia sif 1a khdi
dong gia tri 0. Bién x theo doi 6 mit da duge viéng theo kiéu trung
th ty, bién y theo doi dd cao cta cay. Mbi lan thi tyc traverse
duyét xudng phia dudi cay thi bign y tang 1én 1 va mbi fan thi tyc
nay duyét xuéng phia trén cy thi bién y giam 1.

V6i mdt cach lam tuong ty nhu trén, ngudi ta cé thé cai dat
céc chudng trinh dé qui @€ tinh chizu dai dubng di cla cay, c6 thé
chi dat mot phuong phap khic khéc d& v mot cay, dé lugng gid
mot bidu thite duge bidu dién bdi cay.

KHU DE QuI

C6 mbi quan he gi gia sy cai dat dé qui vita néi trén va syt chi dat
khéng 48 qui trong chudng 4 cho bai toin duyét cay? chic chin
rang ching lién ha nhau rét nhi2u, bdi vi véi mdt cay bit k¥ thi hai
chugng trinh ciing cho ra chinh xdc mot day cac loi goi tdi thu tuc
visit. Trong phan nay,. chung ta sé nghién ciu chi ti€t chu hoi nay
nhis vao so do khit bo dé qui tir chudng trinh duy?,at tien thu ty duge
cho & trén dé 6 duge mot cai dat khong dé qui. .

Ditu nay cling y hét nhu céng vide md mét trinh bién dich
phai lam khi djch mdt chuong trinh d¢ qui thanh ngdn nga may.
Muc dich cita ching ta khéng chu trong nghién ciu cdc ky thuat
bien djch ma la chd trong cic mdi quan h2 gila cic cai dat dg qui .
va khong dé qui ctia thuat todn.

Ching ta khdi dau v6i mit cai dat 4@ qui cia phudng phdp
duyét ety theo kiu tidn thi ty chinh xdc nhu md ta & trén:
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procedure traverse(t:link};
begin
if t <>z then begin visit(t); traversert? L traverse(t ?.r); end;
end;

Trude hét lenh goi 42 qui thit hai c6 thé duge khi dé dang bai
vi khong c6 ma chuong theo sau né, khi Ienh nay thyuc hign thi thi
tuc traverse dudc goi vdi tham s& tT.r va khi lenh goi nay két thic
thi [an goi thi tyc traverse hién hanh ciing k&t thic, ching ta o6
thé dung goto thay vi mdt lenh goi d& qui nhy sau:

procedure traverse(t:link);
label 0,1;
begin

0: if t=z then goto I ;
visitii);
traverseft 1.1};
t.'=t7.r;
goto 0;

I end; .

Day 1 mot ky thuat ndi tigng duge goi 1a khit de qui phan cudi
(end-recursion removal) v dudc cai dat trén rat nhigu trinh bidn
dich. Vigc khit [an goi dé qui cdn lai doi hoi phai Jam nhisu viec
hon. Néi chung hau hét cac trinh bign dich deu phat sinh ma
chudng trinh cho bat ky mot ki goi thi tye theo cach tuong ty nhu
sau: “Dat tit cA cdc gid trj cla cac bi€n cuc bd va dia chi cta chi
thi k& ti€p vao ngan x&p, qui dinh cdc gia trj tham s§ cho thu tuc
va chuyén t&i (goto) vi tri bit dau clia thd tuc”. Khi tha tuc hoan
tit thi né phai “liy ra khéi ngan x&p dja chi trd vé va cac gid tri
cda cic bién cyc by, khéi phuc cdc bién va chuyén tdi (goto) dia chi
tra vé.” DI nhién rang mei vige sé phic tap hon d6i vdi tinh hudng
tong quat ma mét trinh bign djch thyc sy phai giai quyst, nhung
ching ta s lgi dung ky thuit vira néi 48 khit [an dé qui thy hai
khoi chudng trinh clia ching ta, nhu & trang sau:

0 day chi c6 mot bign cye b3 la t nén chiing ta d&t né vao ngin
x&p va chuyén t6i (goto) vi tri bit dau; chi 06 mot dia chi tra vé I
3 nhung lai 1a mdt s8 ¢d djnh nén ching ta khdng can dat né vao
ngan x&p. J cudi cla thi tuc niy ching ta lay lai gia tri cd cta t tu
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ngan xép va chuuyén téi (goto) dija chi tra vé 3. Khi ngan x&p
tréng ta quay trd va tir 15i goi dau tién tdi tha tyc traverse.

procedure traverse(i:link);
label 0,1,2,3;
begin
0: if t=z then goto 1;
visit(t);
push(t);
=t
goto 0;
3: t:=t!r gotod;
I. if stackempty then
goto 2;
& =pop;
goto 3;
2: end;

Bay gitr thi da khit duge d2 qui nhung lai ¢6 qua nhitu cac chi
thi goto lam cho chuong trinh rat lugm thugm, nhung ching ta
ciing khit “mét cach co hoe” @& dua d8n mot chudng trinh 6 cdu
tric hon. Trude tién doan chuong trinh gitta nhan 3 va chi thi
goto 0 thd hai duge bao quanh bdi cac chi thi goto nén c6 thé khi
di mdt cach dun gian, khit i nhan 3 cung vdi chi thi goto. K& t4i,
doan chugng trinh gita nhan 0 va chi thj goto 0 thd nhit thi
chiing ¢6 g khic véi mdt vdng lip while, va ching ta o6 duge
chudng trinh sau:

procedure traverse(t:link);
label 0,2;
begin
&: while <>z do
begin
visit(t);
push(tt .r);
to=tt Az
end;
if stackempty then goto 2;
t:=pop;
goto 0;
2: end;
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Bay git ching ta o6 mét vong lap khac ma cb thé chuyén
thanh mdt vong lap repeat bing cich cho thém mdt chi dat vao
ngan x&p, va o duge mdt chuong trinh khong cb goto

procedure traverse(flink);
begin
pushf(t);
repeat
t:=pop;
while t< >z do
begin visit(t); push(tt.r); t=tT L
end;
until stackempty;
end; .

Chuong trinh nay la phuong phap duyét cay khong dé qui
“chufin”. Qua trinh vira thyc hién bén trén that 1a mot bai tap rat
dang gia cho ching ta theo dai.

Nhu thudng lg, cfiu tric vong lap bén trong mot vong lap cia
chuong trinh noi trén o thé duge don gian héa hdn ( va tra gid trj
mdt vai chi thj dat vio ngan xép):

procedure traverse(t:link);
begin
push(t);
repeat
L =pop;
if t< >z then
begin
visift);
pushi(t Yok
 pushiet D)
end;
until stackempty;
end;

Chuong trinh nay tudng ty nhu thuat toan duyét cay tien tha
ty 42 qui ban dau cia ching ta, nhung hai chuong trinh thye sy
hoan toan khac nhau. Mot khdc nhau chinh 14 chudng trinh nay o6
thé chay dugc trong bét ki méi trudng 13p trinh nao, trong khi sy
cai dt dé qui thi hién nhién doi hdi mot moi trudng cung cép kha
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nang goi d qui. Ngay ca trong mot mdi trudng nhy thé thi phuong
phap cai dat dya ngan x&p nay ciing higu qua hon.

Cuti cling, ching ta chd y ring chuong trinh nay dat cic cay
con NULL vao ngiin x&p, d6 Ia mét hau qua trye tidp cla sy quyst
dinh trong cai dat ban dau nhim dé kidm tra xem cly con b
NULL hay khéng trong Ian goi d2 qui dau tien. ( Sy cai dat d& qui
cling cd thé kiém tra t'.1 va tt r d¢ chi can goi d& qui cho céc cay
con khic NULL.) Bang céch thay d8i chudng trinh trén 4€ trénh
viéc dat cdc cay co NULL vao ngin X€p ta c6 chuong trinh duyat
ciy tign thi ty dua ngin x&p cia chuong 4.

procedure traverseft:link);
begin
pushit);
repeat
L=pop; visitt);
if2t rz then pushtt NJx
itet 2z then pushie! 1)
until stackempty,
end;

Bat ki thuit todn dé qui nao cung c6 thé lam nhu trén dé khe
bo d& qui, that ra day 1a nhiém vy chinh ¢ia cac chudng trinh bién
dich. Sy khit d& qui vita mb ta & trén, mic di phic tap nhung né
thuting dan dén ca sy cai dat khong d2 qui hiéu qua hon lan sy
hiéu biét t5t han vé tinh chit ty nhién cia tinh todn dé qui.

BAN LUAN THEM

Chic chin ring ching ta khong thé danh gid ding dén mot
chuyén d& co ban o& nhu sy de qui chi trong mét thao luan qud
ngan. 8& eé nhidu vi du rit t6t vé cic chuong trinh de qui xuat
hién suét trong quyén sich nay, cic thuat toan “chia d& tri” da va
dang dudc ap dung dé giai quyst nhidu vin de da dang va rong rai.
Vdi nhitu Wng dung thi cii dat de qui la phuang phép tryc tigp va
don gian, d5i véi cac ung dung khac chiing ta sé khao sat tinh higu
qua cda sy khit d& qui duge md ta tron g chuong nay hay Ia thay béi
mot cai dat truc tiép khong dung dé qui.
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D2 qui Ia qua tim clia cac nghién citu 1y thuy&t rat ty nhién cua
tinh todn. Cac ham v chuong trinh dé qui déng vai trd trung tam
trong cic nghlén cu toan hoc mi b ging tach i cac bai todn o
the giai quyet bing may tinh khéi cAc bai todan khdng thé giai
quy&t bang may tinh.

Trong chuong 44, ching ta sé nghlen ciu st dyng cic chudng
trinh dé qui (vh cic ky thuat khac) dé giai cac bai todn khé ma cAn
phai chon ra ddp s3 ding tit mdt s lugng ldn cac dap 88 c6 thé cd.
Nhu ching ta sé thay, su lap trinh @ qui c6 thé ¥a phudng tién
hoan toan hidu qua dé t& chic mit thao tac tim ki€m phic tap
trong mét tip hgp cic kha nang co thé co.
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BAI TAP

1. Hay viét mét chuong trinh d2 qui dé va mdt ciy nhj phan sao
cho niit g6c xudt hign tai gida trang gifly, gbc cua cay con trai
xudt hign gida cia mot nita trii cla trang gidy ...

2. Hay vist mot chuong trinh d¢ qui d& tinh do daj dutng di ngoai
clia mdt ciy nhj phan.

3. Hay viét mot chuong trinh d& qui d& tinh do dai duting di ngoai
cta mét ciy duge biéu didn nhy mét cay nhj phan.

4. Hay cho ra cac toa db c6 duge khi tha tyc d& qui ve cay trong
bai duge ap dung vao cay nhj phan hinh 4.2,

5. Hay khi bo dé qui khdi chuong trinh fibonacei trong bai d& o6
mot cai dit khong da qui.

6. Hay khd bo d2 qui khéi chuong trinh duygt ciy inorder trong
bai & c6 mot cai dat khong de qui.

7. Hay khir bé d& qui khoi chudng trinh duyét ciy postorder trong
bai € c6 mot cai dat khong d? qui.

8. Viét mot chuong trinh dé qui “chia d& tri” d& ve xap xi doan
thing ndi hai diémy (x1, y1) va (x2, y2) bang cach vé chi nhing
di€ém o6 toa do nguyén. (Hudng dan: trudc tien ve mdt didm
gan d gita.)

9. Hay viét mot chuong trinh dé qui d8 giai bai todn Josephus
(xem chuang 3).

10. Hiy vigt mot cai dat dé qui cia thuat toan Euclid (xem chudng
1. .
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Hau hét cac bai todn deu o6 nhizu thuat todn khic nhau dé giai
quyét ching. Nhy vay thi lam th€ nao d€ chon dude sy cai dat it
nhét? Day la mot linh vyc duge phat trén tot trong nghign cdu vé
khoa hoc may tinh. Ching ta s& thudng xuyn o6 cd hdi tigp xdc
vii chc k&t qua nghién oy ma md ta cac tinh ning cua cac thuat
toan co ban. Tuy nhidn, viéc so sanh cic thuit toin thi rit can
thist va chic chén ring mdt vii dong hudng din tdng quat vé phan
tich thuat toan sé rét hitu dyng.

Thong thudng cic vin d& ma ching ta giai quyst c6 mot “kich
thude” ty nhign (thuting la s8 lugng dit li2u duge xi 1y} ma ching
ta & goi 1a N. Ching ta mudn md ta tai nguyén can duge dung
(thong thuong nhat 1a thoi gian can thigt) nhy mot ham s5 theo N.
Ching ta quan thm dén trutng hop trung binh, tic la thai gian
can thiét dé x 1y di litu nhap thong thuting, va cling quan tam
dén trutmg hop xidu nhit, tuong ing véi thiii gian can thigt khi
dd lidu roi vao truting hgp xidu nhat ob thé co.

Vai thuat toan trong quydn sach nay duge hidu rat tot, theo
nghia ma cic cdng thiic toan hoc da cho biét thoi gian chay trung
binh vi thoi gian chay trong truong hgp xiu nhét. Cic cong thitc
nhu th& dugc phét trién cin thén nhg vao nghién odu chuong
trinh d& tim ra thai gian chay dudi dang céc dai lugng toan hoc co
ban va sé kém theo mdt sy phan tich todn hoc cia cdc dai lugng
d6. Mat khéc, tinh nang ciia mot s§ thuat toén trong quyén sich
nay lai kho hiéu, c6 18 su phan tich ciia ching sé din tdi cdc cau
hoi todn hoc khong thé giai dap duge, hay 6 1& cac cai dat da biét
thi qua phic tap 48 o6 thé o6 mot sy phan tich hdp 1y cho ching,
hay thudng xay ra nhét }a cic dang da ligu khong thé dude dac
trung mdt cach day di. Hau hat cic thuit todn nhu the déu roi vao
trudng hop: vai ket quad da biét lien quan dén cdc tinh nang cua
ching, nhung ching khéng duge phan tich that day du.
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Nhidu y&u t8 quan trong cia viéc phan tich thuat todn thudtng
ra ngoai linh vuc tng dyng cla cac lap trinh vién. Trude hét, cae
chudng trinh Pascal duge djch thanh ma may cho mét mdy tinh cy
thé nao 46, va c6 thé cau héi can tra 1 1a phai tim ra chinh x4c
thoi gian cin d€ thyc hign mot 1enh Pascal (dac biét trong cic mbdi
truéng ma tai nguyén duge chia sé sao cho cung mft chuong trinh
e the ¢6 cdc dje trung tinh nang bi thay d8i). Dieu thd hai 13 cb
nhidu chuong trinh v6 cing nhay cam véi dit lisu nhap ctia ching
va tinh ning o6 ching o6 thé phy thude mot csich khéng o6 qui
ludt vao di ligu nhap. Trudng hop trung binh c6 thé Ia mot sy 1y
tudng vé mit todn hoc ma lai khong tiéu bidu cho 42 ligu théng
thudng ma chuong trinh dang duge ding, va trudng hgp xfu nhat
6 thé 1a mdt ciu tric ky dj khdng bao gi xay ra trong thuc &,
Thit ba la nhigu chuong trinh khdng thé duge khio sat t8t bdi vi
khong o6 sn cac két qua todan hoe cho né. Cudi clng 1 it thudng
xdy ra truing hgp ma cdc chudng trinh khong thé so sanh vai
nhau: mot chuong trink chay 4t hidu qua trén mdt loai ey thé cia
di lidu nhép, trong khi chuong trinh khic laj higu qua hon d8i vai
mét tinh hudng khic.

Tuy nhign cic chi § vira d8 cap cing khdng khong phai hoan
toan can trd chiing ta danh gi4 céc thuat toan, thong thudng c6 thé
tién dodn chinh xdc mot chuong trinh cy thd can bao nhigdu thui
gian chay, hay bigt duge rhng mat chuong trinh s hoat dong tat
hon chudng trinh khéc trong céc hoan canh cu thé. Nhig¢m vy caa
n2ubi phan tich thuat todn la kham pha cang nhitu théng tin cang
t5t vé tinh nang ctia thuat todn; vl nhigm vy ciia thio chudng vizn
12 nh¥ vao cac théng tin d6 d& chon thut toén cho cic dng dung
cy th8. Trong chuong nay ching ta quan tim d&n thé gidi Iy tudng
cla ngudi phan tich va trong chuong tdi ching ta & thio luan cdce
khao sat thyc t& vé cai dat. '

KHUNG LAM VIEC

Budc dau tien trong vige phan tich mot thut todn Ia dac trung di
ligu s& duge ding nhu da ligu nhip cia thult todn va quyét dinh
phén tich nio 1 thich hgp. V& mat Iy tudng, ching ta mudn ring
vdi mot phan b tiy § duge cho ctia dif ligu nhip thi s& cb sy phan
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bS tuong dng vé thii gian hoat ddng cla thudt todn. Ching ta
khong thé dat tdi didu 1y tuong nay cho bt ki mot thubt todn
khong tAm thutng nao, vi vay ching ta chi quan tam dén cac
thong k& vé tinh ning clia thuat todn bang cich cb ging ching
minh thoi gian chay ludn ludn nhd hon mdt “cin trén” bit chip
di¥ litu nhap nhy thé nao va o ghng tinh dude thai gian chay
trung binh cho dif lidu nhap “nghu nhién”. '

Budc thd hai trong phan tich mot thuat todn la nhan ra cac
thao téc trifu tugng cia thuat to4n 48 tach bidt sy phan tich vii sy
cai dat. Vi dy, ching ta tach biét sy nghién cu o6 bao nhidu phép
so-sanh trong mot thuat tosn sip x&p khoi sy xac dinh can bao
nhieu micro gidy trén mot may tinh cu thé; y&u t8 thi nhét duge
x4c dinh bai tinh chit cla thudt todn, y&u t8 thu hai lai dude xac
dinh bdi tinh chét clia may tinh. Sy tach biét nay cho phép ching
ta so sanh cc thuét toan mat cach doc 1ap véi sy ci dat cu thé hay
doc 1ap voi mot may tinh cu thé.

Trong khi s6 cic thao tic tritu tugng vé nguyén thc cd thé rat
1én thi théng thudng tinh nang cia cic thuat todn ma ching ta
khao sat chi phu thudc vho mot vai dai lugng. Néi chung d& nhan
ra céc dai lugng phit hop cho mot chuong trinh cu the thi ngudi ta
chon mot “phac hoa” (o6 sin trong nhidu cai dat Pascal) dé cho
bist tan s8 chi thi trong cac lan chay méu nao d6. Trong quyén
sdch nay, ching ta quan tAm tdi cic dai lugng quan trong nhit
thudc loai @6 cho mbi chudng trinh.

Budc thit ba trong qué trinh phan tich thuit toan la sy phan
tich v& mit toan hoc, véi myc dich tim ra cac gia trj trung binh va
trudng hop xfu nhit cho mdi dai lugng cd ban. Chdng ta s& Khong
gap khé khan khi tim mot cin trén cho cho thai gian chay chuong
trinh, van dé & chd la phai tim ra chan trén t8t nhit, tic la cAl ma
dat dugc khi gip di litu nhép cia trudng hgp x&u nhit. Trusng
hdp trung binh théng thuting doi hoi mdt phan tich toan hoc tinh
vi hon trusng hop x&u nhit, MSi khi da hoan thanh mét qud trinh
phan tich thuat todn dya vao cic dai lugng cd ban, néu thai gian
két hgp véi mdi dai lugng duge xac dinh 6 thi ta sé o cic biu
thic d8 tinh thai gian chay.

N6i chung, tinh nang clia mdt thut todn thutng c6 thé duge
phan tich & mot nufc d9 rit chinh xac, chi bi gidi han béi tinh ning
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khong chic chin ctia may tinh hay bdi sy khé khan trong vide xic
dinh cdc tinh chét todn hoc cia mdt vai dai lugng tritu tugng. Tuy
nhign thay vi phan tich mdt cach chi tist chiing ta thuding thich
udc lugng 48 tranh sa vao chi tist,

SU PHAN LGP CAC THUAT TOAN

Nhu da duge chil ¥ & trén, hau hét cac thuat toan d2u o6 mét tham
s6 chinh la N, théng thuting d6 s lugng céc phan tir d7 lidu duge
x4 ly ma anh hudng rit nhidu t6i thai gian chay. Tham s8 N c6 thé
14 bac cia mot da thite, kich thude cia mot tap tin dugce sdp x&p
hay tim ki€m, s3 mit trong mot do thj .v.v... Hau hét tdt ca cdc
thuat todn trong quyén sich nay o thoi gian chay tiém can téi
mit trong cac ham sau:

1. Hau hét cdc chi thi ctia cac chuong trinh déu duse thye
hi¢n mot [an hay nhigu nhat chi mdt vai [an. N&u t4t ci
cdc chi thj cha cling mét chudng trinh o6 tinh chdt nay
thi chiing ta s& n6i riing thyi gian chay cia né la héng
s0. Di2u nay hién nhién la hoan canh phén dAu dé dat
duge trong vige thiét k& thuat toan.

2.1ogN  Khi thdi gian chay ciia chudng trinh Ia logarit, tdc Ia
thoi gian chay chudng trinh tién cham khi N 19n dan.
Théi gian chay thudc loai nay xuit hién trong céc
chudng trinh ma gidi mdt bai todn ldn biing cach
chuyén né thanh mot bai todn nhéd hon, bang céch cit
b6 kich thuée bat mdt hing s3 nao dé. Vdi mue dich caa
ching ta, thii gian chay o6 duge xem nhit nhéd hon mdt
hing 8 “In”. Co s5 clia logarit Iam thay d6i hiing s& d6
nhung khong nhigu: khi N 1a mot ngan thi logN 1a 3
néu oo s8 1a 10, 14 10 néu cd 58 1a 2; khi N la mdt trigu,
logN dude nhan gip dai. Bat o khi ndo N duge nhan
doi, logN tang len thém mot hing sd, nhung logN
khoéng bj nhan gap doi t6i khi t6i khi N tang téi N2,

. 3.N Khi thi gian chay ciia mét chudng trinh la tuy&n
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3. NlogN

4. N2

5. N3

g.2N

tinh, néi chung day trusng hgp ma mot s& lugng nhoé
céc xu ly duge lam cho mdi phian tir dit litu nhap, Khi N
A mot tridu thi thsi gian chay cling ¢ nhu vay. Khi N
dugc nhan gdp doi thi thi gian chay ciing dudge nhan
gip doi. Pay I tinh hudng t3i wu cho mot thuat toan
mé phai xit Iy N di lidqu nhap (hay san sinh ra N di lidu
xufit).

Day Ia thii gian chay tang dan Jen cho cée thuit todn
ma gidi mdt bii todn bing cach tich né thanh cic ba
todn con nho hon, k& dén gidi quyst ching mdt cich
dc 1ap va sau d6 8 hdp cac 13i giai. Bdi vi thidu mot
tinh ti t8t hon (c6 1& 1a “tuyén tinh logarit” ?}), chiing ta
néi ring th¥i gian chay ciia thuit todn nhu thé [a
“NlogN”. Khi N la mét trigu, NlogN c6 1é khoang hai
mudi trigu. Khi N duge nhan gap dbi, thai gian chay bj
nhan ién nhitu hon gip d5i (nhung khéng nhisu lm).

Khi thdi gian chay cia mot thuat toin ka bac hai,
trutng hgp nay chi 6 ¥ nghia thyc t& cho cac bai todn
tudng 46i nho. Thot gian binh phuong thutng tang dan
len trong cic thuat todn ma xit 1y tat ca cac cap phan
ti dit ligu (o6 thé Ja hai vong lap Iang nhau). Khi N 1a
mét nghn thi thoi gian chay 1a mét tricu. Khi N dugc
nhan doi thi thiti gian chay tang 1en gép bon lan.

Tuong ty, mot thuit toan ma x¥ ¥ cdc bd ba cua cac
phin ti& dd lidu (c6 1é 1a ba vong lap Idng nhau) ¢ thai
gian chay bac ba va ciing chi ¢6 y nghia thyc t& trong
cic bai todn nho. Khi N 1d mot triim thi thoi gian chay
la mdt tridu. Khi N duge nhan doi, thai gian chay tang
1&n gip tam lan.

Mot s8 it thuat todn c6 thoi gian chay liy thita lai thich
hgp trong mot s§ truting hgp thye 8, mac di cac thuat
todn nhy the la “sy ép budc the bao” dé giai cac bai
toan. Khi N Ia hai muoi thi thai gian chay la mét triéu.
Khi N gap dbi thi thsi gian chay dvgc nang len lay thita
hai !
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Thii gian chay cfia mjt chudng trinh cy thé ddi khi la mot
hang s8 nhan vdi cac s§ hang néi trén (“s8 hang din dau”) cdng
thém mot s6 hang nhd hon, Gia trj cia hing s8 va céc 6 hang phu
thude vao két qua cha sy phan tich v cac chi tigt chi dat. He s
cta s8 hang din dau lién quan téi s§ chi thi bén trong vong lap: &
mdt fang tiy y clia thigt k& thuat todn thi phai cin than gidi han
& chi thi nhu th& V&i N 16n thi cac s6 hang din dau dong vai tro
cht chét; vai N nho thi cdc s8 hang cling déng gép vao va sy so
sdnh cdc thuat todn sé khé khan hon. Trong hau hét céc trudng
hop, ching ta s& gap cac chuong trinh o6 thii gian chay la “tuyén
tinh”, “NlogN”, “bac ba”, ... véi hiéu ngdm Ia cic phén tich hay
nghién ciu thyc t& phai dwdc lam trong trudng hgp ma tinh hitu
qua la rilt quan trong.

N Ig’N VN N NN NN N2 N
3009 3 0 30 90 30 100
6 36 10 100 600 3,600 bOOO 10,000
9 81 3 1,000 9,000 BLODO 31,000 1000000

13 169 100 10,000 130,000 1.690,000 1,000,000 HY), 000000
16 2% 316 100000 1,600,000 25.600,000 31,600,000 ten billion
19 361 1,000 1,000,000 19,000,000 361,000,000 one billion ovne trillion

Hinb 6.1 Cdc gia tri xdp xi huong déi cua cde ham

Ngoai nhirng haim vita néi trén cing ¢6 mt sO ham khdc, vidy
nhu mot thuit todn véi N2 phan t dit litu nhip ma cé thoi gian
chay la bac ba theo N thi s& dudc phan ldp nhu mot thuat toan
N#2 Mot s8 thuat todn c6 hai giai doan phin tich thanh cic bai
todn con va o thii gian chay xap xi vdi Nlog2N. Ca hai ham nay
xem nhu gan vdi NlogN nhiéu hon gan véi N2 khi N ldn.

Cing can nén chd § them vé ham “log”, ed s8 logarit chi lam
thay d8i cic dai lugng bdi mot he s§ hang. Bdi vi ching ta thuing
@ dyng cdc k&t qua phan tich sai khac mdt hiing s8, nén hau nhu
khong quan tam d&n co sd % bao nhieu khi dé cip t6i “logN”,
chiing ta sé chi thich 6 rang vé oo s§ khi can thiét. Trong todn
hoc, logarit ty nhien {co s& e=2.718281828..)) dugc dung thudng
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Xuyén véi viet tit 1a: log, N=InN. Trong khoa hoc may tinh, logarit
nhi phin (co s§ 2) duge dung thutng xuyen véi vist tit la:
logyN=I1gN. Vi dy, IgN khi lam tron t8i s& nguyén gan hhat la s&
bit can thigt dé biéu dign N dudi dang nhj phan.

Hinh 6.1 cho thay kich thudc tudng déi ciia nhing ham nay:
cée gid tri xap xi cia IgN, 1g2N, sqrt(N), N, NIgN, Nig?N, N#2 N2
duge cho vdi cac gia tri khac nhau cta N. Ham bic hai 156 rang
déng vai trd chinh y&u, dac bigt véi N 1dn, va sy khac nhau gitra
c4c ham nhé hdn thi khéng dang k& néu N nho. Vi du N3/2 chi ldn
hon N1g2N véi N rdt 1dn, nhung trudmg hgp N nho lai thusng xay
ra trong thyc t&. Bang nay khong nhim muc dich cho mét so sanh
gita cic ham véi moi N-cac sd, cic bang, va cdc do thj lien quan
tdi ting thuat todn cy thé c6 thé lam dieu dg, nhung bing cing
cho ta mot ¥ niém ban dau v& viec phan loai cie ham.

DO PHUT TAP TiNH TOAN

Mot cach tiép can dé nghién ciu tinh n&ng cia cac thuat toan Ia
nghién cdu tinh nang trong trubng hop xfu nhdt, bo qua cic
héing s8, muc dich Ia xac dinh cac phu thudc ham sé clia thai gian
chay (hay mot vai do do khie) vao s6 lan nhap (hay cic dai lugng
khac). Cdch ti€p can nay rat hap din bdi vi né cho phép ta chiing
minh chit ché cic ménh dé toin hoc vé thai gian chay cia céc
chuong trinh: vi dy, ngudi ta c6 thé ngi thng thii gian chay cla
thuat toan Mergesort (xem chuang 11) thi tiém céin tdi NlogN.

Budce dau tién 1 1am chinh xdc vé mat todn hoc cda khai nigm
“tiém can t6i”, trong khi ddi véi phan tich mdt thuit toan thi ta
tach sy phan tich khoi mot caj dat ey thé. Y tudng & day 1a bd qua
cdc he s6 hang trong phan tich: trong hau hét cac truting hgp néu
ching ta mu#n biét thii gian chay ciia mot thuat toan tiém can tdi
N hay tdi logN, viin d& khéng phai & thuat duge chay trén mat may
vi tinh hay trén mot siéu muiy tinh, cing khong phai & bén trong
cdc vong lap dude cai dat ofin thin chi v6i mot vai chi thi hay dugc
cai dat khdng t0t vi rét nhidu chi thj. Ve quan diém toan hoc 14t
ca nhitng tinh huéng vita ké déu nhy nhau.
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Mot ky hiéu toan hee can duge dung duge goi 1a “ky higu 0
16n” va vidt 1a O duge dinh nghia nhu sau:

K¢ higu. Mot ham g(N) duge néi 1a O(F(N)) néu fon tai cac
hng s8 Cg va N sao cho g(N) nhé hon Cyf(N) véi moi N>Ng.

Ky higu n#y giai phéng cic ngudi phan tich thuft todn khoi sy
khao sat chi tiét vé cac dac trung cia mdt may cy thé. Hon nia,
deu khing dinh rang thoi gian chay cfia thuat toan la O(f(N)) thi
doc lap vdi dit lieu nhap cla thuat todn. Boi vi chung ta chi y tdi
vide nghién cttu thuat todn chit khong phai chd y t6i di ligu nhap
hay cai dat, ky hidu O Ia mdt phuong phap hiu dung dé khing
dinh cic chan trén cia thai gian chay ma doc 1ap vdi ca cac dit liéu
nhap lan cac chi tigt cai dat.

Ky hiéu O vd cing o6 ich trong viéc gitip 43 cc nha phén tich
thuat toén phan loai cic thuit todn dya vao tinh nang va hudng
din céc nha thist k& thuat toan trong vige tim ra cac thuit toan
t5t nhit cho cic bai todn quan trpng. Muc dich cia vigc nghién
cttu @9 phite tap cia tinh todn cia mt thuit toin la chi ra thoi
gian chay cia né Ia O(f(N)) vdi mot him f nao d6, va khong o6 thai
gian chay 12 O(g(N)) voi bét ky mot ham g(N) “nho hon” {nhé han
theo nghia liniO, [g(N)/f(N)] = 0). Chiing ta c ging dé cung cfip

N—> =

ca “cAn trén” lan “can dudi” cia thdi gian chay trong trutng hgp
xfu nhat. Vidc cung ciip céc ciin trén thuding quan trong trong viéc
d&m va dinh gia cac thn s8 clia chi thj (chung ta sé thiy nhiéu vi
du trong cic chudng sau); viee cung cip cic chan dudi thi lién
quan dén sy cAn than trong xdy dung mdt md hinh mdy va xac
dinh cic thao tic co ban ndo can phai duge thyc hién boi thuat
todn dé giai mot bai toan (ching ta hi®m khi cham tdi vin de nay).
Khi cic nghién cifu tinh todn cho thiy rang cin trén cua mbt
thuat toan tring véi cin dudi cia né thi bao dam ring khong thé
o6 ghng thiét k&€ mot thuat todn nhanh hon vé mat cd ban va
chiing ta s& bat dau quan tam d&n sy cai dat. Quan diém nay da
dudc cong nhan Y it hitu ich ddi véi cic nha thidt ke thuit todn
trong nhirng nam gan day.

Tuy nhién, phai vé cung cin than khi 4p dung cdc két qua tt
ky hieu O do bon 1y 1& sau: trude tién n6 1a mot “chiin trén” va dai
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lugng trong cau hoéi c6 1& thap hon nhieu; thi hai la da litu nhap
ma gy nén trudng hgp xdu nhat c6 thé hi€m xay ra trong thuc t&;
thu ba la hiing s& C thi khong dugc bist va khong can nho; va tha
tu la hiing s6 N, khong dugc bist va khong can nhé. Chiing ta s&
khao sat méi nhan t& nay mot cach chi tiét hon.

Su khéing dinh rang thoi gian chay cta thuat toan 1a O(f(N))
khong ham y réing thdi gian chay dat dugc gia trj d6, ma chi ndéi
lén rang cic nha phan tich da ching minh ring thoi gian chay
khong bao gits dat t6i d6. Thoi gian chay thong thutng c6 thé ludn
luén nhd hon nhigu. Ky hi¢u t6t hon da duge phat trién dé giai
quyét tinh hudng nay 1a gia si bist duge rang ton tai mot s di ligu
nhap ma thdi gian chay 1a O(f(N)), nhung cé nhiéu thuat todn lai
rit khé xay dung duge di lidu nhip trong trudng hgp x4u nhat.

Ngay ca n&u di ligu nhap trong truong hgp x&u nhit da biét,
cing co thé xdy ra trudng hgp ma dsi véi dir lidu nhéap thudng gap
trong thyc t€ thi thoi gian chay thdp hon nhidu. Cé nhieu thuat
todn vb cung hitu ich ma lai ¢6 trudng hop xau nhit rit do te. vidu
nhu thuat toin sip xép duge ding rong rai nhat la QuickSort c6
thoi gian chay la O(N?) nhung c6 thé dan x&p sao cho thoi gian
chay dbi véi cac dit ligu nhap thutng gap trong thyc t& [a tiem can
t3i NlogN.

N INVIEN NN NI N oy
10 9% 45 90 30
100 900 1,800 3,600 1.000)
- 1,000 20,250 40,500 B1,(Xx) RINI ST
10,000 422,500 B45.000 1690000 1A
100,000 6.400.000 12,800,000 25, 6(X).(XX! 600000

1,000,000 90,250,000 180,500,000 361,000, (XX) 1 OO0 KN, (00

Hinh 6.2 Si anh huong cua cic héing sé khi so sanh cdc ham
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Céc hiing s8 Cy va Ny trong ky higu O thutng che dau cic chi
tist cai dat ma déng vai trd quan trong trong thuc t&. Hién nhién
rang khi néi mot thuat toan cb thisi gian chay O(f(N)) thi s& khong
ban gi dude vé thoi gian chay khi N nho hon Nj. Ching ta thich
mot thuat toan ding N2 nano giay hon thuit toan dung logN thé
ky, nhung ky higu O thi khong 1am ré duge dieu nay, do 46 ta thiy
rang hiing s& Cy déng vai trd rit quan trong. Hinh 6.2 minh hea
cho hai ham théng thudng cing véi nhidu gia tri cy thé cia cac
h¥ng 5, va xét trong pham vi 0<=N<=1000000. Ham N** c6
thé bi tudng fam la 1dn nhdt trong bén ham thi lai Fa mdt trong
nhitng ham nhd nhat i véi N nho, va né nho hon ham Nlg2N cho
t6i khi N vuot khoi vai chyc ngan. Cac chudng trinh ma thai gian
chay phu thudc vio cac ham nhu th& khéng thé duge danh gid tot
néu khong chd ¥ cAn than vio cic he s8 hing va cic chi tigt ca
dat.

Khi phai quyét dinh chon mot tit thuat todn o6 thdi gian chay
O(N2) va thuit toan co thoi gian chay O(N) thi khong nén chi dya
vac dd phuc tap duge bidu dién béi ky higu O, Véi cdc chi dat thuc
hanh cia cic thuit toan trong quyén sich nay, cic chiing minh vé
d6 phiic tap thi qua tdng quat va ky hi¢u O lai khong chinh xdc
trong ¥ng dyng. Do phuc tap tinh toan phai duge khao sit & bude
dau tien trong qua trinh phan tich mot thuat todn dé phat hién
nhizu chi tigt hon vé cac tinh chit cla né. Trong quyén sach niy
thi ching ta quan tam dén cdc budc sau dé gan vdi cic chi dat
trong thyc t& hon.

PHAN TiCH TRUONG HOP TRUNG BINH

Mot tidp can khic trong viéc nghién citu tinh nang cua thuat todn
la khao st truting hgp trung binh. Trong tinh hudng don gidn
nhdt, ching ta c6 thé dac trung chinh xac cac di ligu nhap cua
thuat todn: vi du mdt thut todin sdp x&p cb thé thao tac trén mot
mang N s8 nguyén nghu nhién, hay mot thuét toan hinh hoc c6 thé
xt 1y N diém nghu nhien trén mat phing vdi cac toa 4o nam gida 0
va 1. K& dén la tinh toan thdi gian thye hign trung binh cia moéi
chi thj, va tinh thoi gian chay trung binh cta chuong trinh bang
cAch nhan tan s3 sit dung ciia mbi chi thj vdi thoi gian can cho chi
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thj dé, sau cung cdng tat ca ching vdi nhau. Tuy nhién c6 it nhat
ba khé khan trong cdch ti€p can nay nhu thao luan dusi day.

Trudc tién la trén mot s6 may tinh thi rét khé xac dinh chinh
xéc s0 lugng thai gian ddi hoi cho mai chi thi. Trutng hop x&u nhit
thi dai lugng nay bj thay ddi va mot s5 lugng 16n cdc phan tich chi
ti€t cho mot may tinh o6 thd khong thich hop 481 vdi mdt mdy tinh
khic. Pay chinh la van d& ma cac nghién cidu vé dp phite tap tinh
todn ciing ¢An phai né trdnh. .

Thi hai, chinh vige phan tich truting hgp trung binh lai
thutng la ddi héi toan hoc qua khé. Do tinh chat ty nhién cua toan
hoc thi vige chiing minh cac chén trén thi thusng it phdc tap hon
boi vi khong can sy chinh xic. Hien nay ching ta chua bigt duge
- tinh néng trong truing hop trung binh cia r4t nhiau thuat todn,

' Thit ba (va chinh Ja dfeu quan trong nhat) trong viéc phan tich
trudng hop trung binh la mé hinh da ligu nhip cé thé khang dac
trung day di da lidu nhap ma ching ta gap trong thye t&. Vi dy
nhu jam thé nao d€ dac trung duge dit lidu nhép cho chuong trinh
XU I van bang tiéng Anh? Mot tic gia dé nghj nén dung cic mé
hinh dd ligu nhap ching han nhy “tap tin thy t¢ nghu nhign” cho
thuat todn sAp xép, hay “tap hdp diém ngdu nhién” cho thuat toin
hinh hoc, d5i véi nhitng mé hinh nhu the th of thé dat duge cac
két qua todn hoc ma tien dodn duge tinh nang cla cic chugng
trinh chay tr2n cdc cic dng dung thong thudng. Ching ta sé thay
mét val vi dy (xem chuong 9), mac dit mot s3 két qua s& vudt ra

ngoad pham vi quyén sdch nay.

r L ] L) . ~ n >
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Théng thutng thi cic két qua cia viéc phan tich toan hoc thi
khéng chinh xdc ma chi 1a mot sy xip xi: két qua c6 thé Ja mot
biéu thic bao gom mot diy cdc sd hang giam. Nhu ching ta da
quan tam nhidu dén cde chi thj trong vong lap clia mot chucng

trinh, ching ta cing quan tam nhidu toi si hang din dau (s&
hang Ién nhat) cia mot bidu thie todn hoe.

Vidy, gid si rhng sau mdt qua trinh phan tich toan hoe chiing
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ta xac dinh duge ring mot thult todn co chi thj trong mot vong
Iap duge lap NigN fan vé mat trung binh va thoi gian ¢an cho mdi
chi thi la a, micro gidly, mdt bd phan khac lp N [an va thoi gian
can cho mbi chi thi 1a a, micro gidy, va bd phan khdi dong chi thyc
hién mot fan vai thii gian la ay micro giay. Khi d6 thai gian chay
trung binh ctia chudng trinh (tinh theo micro gidy) la:

agNIgN + a;N + ay

Ciing o6 thé viét nhu sau:

a(}ngN + O(N).

Néu ching ta chi chd y t8i mdt tra lgi xap xi thi v6i N 16n
ching ta khodng can tim gia tri cla ajhay ay . Dieu quan trong la
néu khé xac dinh dude cic sd hang khéc trong thoi gian chay

chinh xac thi ky hiéu O cho ching ta mjt tra 18i xAp xi khi N ldn
ma khdng cAn quan tam t6i cdc s3 hang nhu thé.

Ve mat ki thuat, ching ta khong thé bo qua cdc cic s& hang
nhé, bdi vi ky hieu O khong néi gi vé kich thude cla hing s8 Cq :
né o thé rat on.

That ra, khi mdt ham f(N) lén xap xi hon ham g(N) thi ching
ta dong thuat ngd “khoang f(N)” vé&i nghia la fNY+0(g(N)).
Trong nhimg truong hop nhu thé doc gia o6 thé xem rang véi N
16n thi dailugng trong ciu hoi cda ching ta xap xi véi f(N). Chéng
han néu nhu ching ta bist rang mdt dai lugng la N(N-1)/2 thi
ching ta néi né “khodng” N%2.

cAC CONG THUT TRUY HOI cO SO

Nhu s& thiy trong cic chudng sau, phan 16n cac thuat toin dau
dya trén viec phan ra d2 qui mot bai todn 1dn thanh nhigu bai todn
nhé hon, Toi ding cic 10i giai cia cdc bai toan nho d€ giai bai toan
ban dau. Thii gian chay cia cAc thuat toidn nhu the duge xac dinh
bai kich thude va sb ludng cac bai todn con va gia phai tra cia sy
phan ra. Trong phan nay ching ta quan sdt cic phuong phép cd s
d& phan tich cic thuat todn nhu thé va trinh bay mdt vii chng
thitc chudn thutng duge dp dung trong viéc phan tich nhidu thuat
toan ma ta sé nghién cju.
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Tinh chat rat ty nhién clia mdt chudng trinh d& qui 1a thoi
gian chay cho di lidu nhip cd kich thude N s& phu thupe vao thii
gian chay cho cac di litu nhap c6 kich thudc nhd hon: didu nay
dugc dién dich thanh mot cdng thic toan hoc duge goi la mét
quan hé truy hoi. Cac chng thic nhu th€ md ta chinh xéc tinh
. nang cla cdc thult todn tudng dng, do d6 dé o6 dugc thoi gian
chay chiing ta phai gidi cde quan ha truy hdi. Bay gig ching ta chi
¥ vao cac cdong thie chi khodng phai cde thuat toan,

Cong thive 1. Cong thdc nay thudng dung cho cac chuong
trinh d& qui ma cé vong lap duyét qua dif lidgu nhap d& bo bét mot
phan ti;

Cy=Cyq + N,voi N>=2va (=1

Lai giai: Cy; khoang N%/2. DE giai mdt cdng thie truy hdi nhu
trén, chung ta lan lugt ap dung chinh cdng thife do nhu sau:

= Cyng + (N-2)+(N-1})+ N ...

=C;+ 2+ ..+ (N-2}+(N-DH+N

=1+2+ .+ N2+ (N-D+ N

=N (N+1}/2.

Cong thatc 2. Céng thic truy hodi nay dung cho chuong trinh
d¢ qui ma chia dit lidu nhap thanh hai phan trong mbi bude:

L& giai: Cy khoang 1gN. Phuong trinh nay vé nghia trir khi
N chin hay ching ta gia s riing N/2 1a mdt phép chia nguyén: bay
gits chiing ta gia st thng N=22 d& cho cong thic luoén ludn cb
nghia. (Chd ¥ raing n=1gN.) Chiing ta viét nhu sau:

Con=0Con-1+1=C2n24+2=Con3+3=...=n

Cong thic chinh xac cho N tdng quat thi phu thude vao bidu
dién nhj phan ciia N, néi chung Cy khoang 1gN véi moi N.
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Cong thitc 3. Cong thic nay ding cho chudng trinh dé qui
ma chia déi dit ligu nhap nhung c6 th kifm tra mdi phan td cia
di ligu nhap.

CN = CN;’? + N, vle>=2viaCl=0

Lo giai: Cy khoang 2N. Tuong ty trén, odng thic nay chinh
la tdng N + N/2 + N/4 + N/8 + ... (di nhién didu nay chi chinh
xac khi N 1a mft ldy thita cia 2). N&u day 14 vo han thi day B mot
chubi hinh hoc don gian ma duge udc lugng chinh xac la 2N. Véi
trutmg hop N téng quat, 16i giai chinh xac phu thude vao bidu dign
nhi phan cia N,

Cong thitc 4. Cong thiic nay ding cho chuong trinh d& qui
ma duyét tuyén tinh xuyén qua dit lidu nhap, trudc khi, trong khi,
hay sau khi dd lidu nhap dude chia dbi:

Lai giai: Cy khoang NigN. Cong thic nay ap dung cho nhigu
thuat todn theo phudng phap “chia dé tri”

Czn = 2Czn—l + 20

Cpn  Con-1’
E e
211'2

=£" +1+1
an—2

+1

Lai giai cho cong thitc nay rét gidng nhu trong cong thic 2,
nhung hay chia hai v& cita cdng thic cho 2" trong bude thy hai.

Cong thue 5. Cong thic nay dung cho chuong trinh dé qui
ma tach dif liéu nhap thanh hai phan & méi bude gidng nhu chudng
trinh vé thude trong chuong 5 cla ching ta.

CN = 2CN}"2 =+ 1, vl N>=2 VA C]=0.
Lui giai: Cy khoang 2N. Ching minh giéng nhu cong thiic 4.
Céc bién dang clia nhing cdng thic nay, ching han nhu dieu
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kign khéi dau khic nhau hay cdc s8 hang thém vao khdc nhau mét
it, c6 thé udc lugng béng cach dung cung mdt ky thuit nhy trén,
méc di viy, ddc gid cing nén chd § ring mdt quan hg truy hoi
duting nhu tuong ty v6i mdt quan he da biet thi dbi khi lai khé glal
hon rit nhigu. (Cé nhidu ki thuat téng quat nang cao d€ giai cic

phuong trinh nhu th& bang phuong phap todn hoc). Ching ta sé
gap mot vai cong thifc truy hdi phic tap hon nhizu trong cic
chudng tdi, nhung chiing ta chi thao luén vé 18i giai cia ching khi -
ching xuit xuit hién.

BAN LUAN THEM

Nhitu thuat toin trong quyén séch niy o6 su phan tich todn hoc
chi tiét va cdc nghren cdu v& tinh niing qua phife tap dén ndi
khong thé thio luan & day. That ra nhd vao cac nghién au od s3
nhu th& ma ching ta ¢o the gigi thidu nhigu thuat toan.

Khong phai tat ca cdc thuit toan déu dang gia d€ phan tich chi
tiét nhu thé, that ra trong sudt qua trinh thiét k&, chi can lam viee
vdi cic tinh nang xap xi d€ djnh hudng cho thigt k& ma khong can
sa vio chi tiét. Khi thigt k& trd nén rd rang hon thi sé phai phan
tich, va lic d6 nhidu cdng cy todn hoc tinh xio duge ap dung.
Thuong thi qua trinh thiét k& ma nghién ciu 46 phic tap qua chi
tiét co thé dan tdi cic thuat toan “Iy thuyet” Xa roi cic dng dyung
cy thé. Mdt sai lam thuong méic phai la tin ring sy phan tich bt
dau tit cac nghién cifu 46 phic tap sé dan tryc tiép tdi cac thuat
todn hiéu qua trong thyc t8. Mat khac, dp phic tap tinh todn thi
lai 1a mdt cdng cy hitu dung cho dé nghj khéi dau trong trong thist
k& dé chon ra cac phuong phap méi.

Khong nén ding mdt thuit toin khi khong bit vé tinh nang
cua nd: cdc tiep can trong chuong nay sé cho ta mot khai niem md
dau vé tinh nang cla thuat todn rat hiu ich dé theo déi nhitng
chuong sau. Trong chuong ké, ching ta s& thao luin cdc nhan t&
khac déng vai tro quan treng trong viée chon mot thuit toan.
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BAI TAP

1. Gia su bigt riing thii gian chay cla mdt thuat todn Ia O(NlogN)
va thiti gian chay cla mpt thuat toan khac 1a O(N™). Dleu nc‘ly
néi lén diéu gi vé tinh ning tuong ddi gida hai thuat todn nay?

2. Gia sa bigt ring thdi gian chay cta mot thuat toan ludn ludn
khoang NlogN va thai gian chay cia mdt thuat toan khac la
O(N?). Bisu néy néi lén didu gi vé tinh nang tueng ddi gita hai
thuat toin nay?

3. Gia =i bigt r'éng thti gian chay clia mdt thuit toan ludn lubn

khoang NlogN vi thui gian chay cla mot thuat toan khéc ludn

- ludn khoang O(N”). Didu nay néi }en diéu gi vé tinh nang tuong
doi gitta hai thuat toan nay ?

4. Cho biét sy khédc nhau giita O(1) va O(2).
5. Giai cdng thuc truy héi sau day
Cn= Cyp+ N2, v6i N=2 va C,=0

khi N 12 moét lay thira ciia 2.
6. Véi gia tri nao cia N thi 10NIgN >2N2 2

7. Hay viét mjt chuong trinh dé tinh chinh xsc gig tri cia C
trong cong thic 2 nhu thao luén trong chuong 5. Hay so sanﬁ
két qua vai 1gN.

8. Ching minh rang I8 gial chinh xdc cha cong thic 2 la
IgN+04(1).

9. Hay vigt mdt chudng trinh d& qui d& tinh s3 nguyén ln nhit
* nhd hon log,N. (Hudng din: véi N=1, gia trj cia him nay cho
N div 2 thi Ién hon 1 so véi gi4 tri cta ham nay cho N )

10. Hay vigt mdt chuong trinh dung phép 1%‘1p cho vin da trong bai
tap trude. K& dé vigt mot chlrcing trinh ma tinh toan bang cich
ding thu vien ham chuiin clia Pascal. Néu o6 thé by so sdnh
tinh nang ciia ba chuong trinh nay trén may tinh cia ban.
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Nhu da d& cap trong chuong 1, trong tim cla ching ta trong
quyén sach nay 1 tap trung vio chinh cic thuat todn - khi ban ve
mbi thuit todn, ta coi hidu qua cia né 1a mdt thanh t8 cot yéu
trong vigc hoan tit mot tic va 1n hon nao d6. Ca hai quan didm
nay dugc bign minh vi céc trudng hgp nhu vay xay ra cho timg
thuat todn mdt vh do syt luu y ki ludng cia ching ta khi di tim
mdt phudng phap hitu qua d€ giai quyst mot bai toan cing thuomg
hay dén t6i mot thuat todn wu viet (vd hitu qud) hon. Di nhién,
muyc ti¢u hep nay rit khong thyc t& vi c6 nhidu ydu t3 rit thyc
khac ma n6 phai dugc xét dén khi gidi modt bai todn phic tap véi
mot may tinh. Trong chuong nay, ta s& ban v cac két qua o6 lién
quan d&n viéc tao ra cdc thusit toan khé Iy tudng ma ta md ta Ia
hidu ich trong cdc dng dyng thyec tién.

Cu8i cung, cdc tinh chit cia thuat toan chi la mdt mat cta van
dé - mdt mdy tinh c6 thé duge ding dé gidi mat bai todn mot cach
higu qua chi khi ban than bai toan duge hidu 1o, Vige khao sat mot
cich cfin than cic tinh chét cia céc ung dung thi nim ngoai pham
vi cia cudn sich nay; dy dinh cta ching ta la cung cip du cic
thong tin vé cdc thuat todn oo ban ma ta 6 thé tao ra cic quyét
dinh théng minh vé vige ding ching. Hau hét cdc thuat todn ta sé
xem xét da duge chitng minh la hita ich d8i véi hang loat cac ing
dyng. Pham vi cdc thuat todn o6 thé dung duge d€ giai quyst cac
bai todn khéc nhau tiy vao pham vi cde nhu cu cia cic dng dyng
khac nhau. Khong o6 thuat toan tim kiém “t&t nhit” (ki€m mot vi
du), nhung mot phuong phip c6 thé 12 hoan toan thich hgp khi
Ung dung vao mét he thtng giit chd may bay va mdt phuong phap
khic c6 thé la that hiu ich khi sit dyng & cic vong lap trong cia
mdt chuong trinh tham-ma.

Céc thuat toan higm khi tén tai mdt cich vu vo, ngoai trir c6
thé 12 d trong dau cla céc nha thidt k& thuit toén 1y thuyét, sing
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tao ra cac phuong phdp ma khéng xem xét tdi bat ky méot cai dat
cudi cling nao hét, hay cAc nha lap trinh hé thong dng dung, mudn
van dyng cic phﬂdng phap d%c bigt d& gidi cAc bai toan ma né dude
higu r6 n&u khéng cé ching. Viéc thiét k& thuat toan thich hdp 4m
chi vigc dat mot tu duy nao 46 vio trong thm anh hudng tiem tang
cua cic quy&t dinh thist k€ len trén cac cai dat, va vigc 1ap trinh
cac ung dung thich hgp dm chi viec dst mdt suy nghi ndo 46 vao
cac phiAm chit v& hidu qua cla cic phuong phap co ban duge s
dyng.

CHON MOT THUAT TOAN

Nhu ta s& thay trong cac chuong theo sau, thong thlm'ng <0 mdt s
thuat todn dung duge 48 giai titng bai toAn mot, tAt ca déu véi cac
dac tinh khic nhau v& hidu qua, di tir 15i gidi ddn gian, thé thién
(brute-force) (nhung o6 thé khong hidu qua) cho téi mat lii gm
phic tap, da duge tinh ch& (well-tuned) {va tham chi 6 thé 1a tsi
vu). (Thutng khong ding khi cho riing mot thuat todn cang higu
qua, thi cai dat phal cang phudc tap, vi mot vai trong s8 cac thuat
todn t6t nhit cha ching ta thi khad dep va gon, nhung ddi véi cac
muc dich cta viée thao luan nay, thi ching ta hay gia dinh Ia digu
nay ding). Nhu da tranh ci 0 trén, ta khong thé quyst dinh ding
thuat todn nao d6i véi mot bai todn ma khéng phan tich cac yéu
cAu ctia bai toan. Chuong trinh o6 duge chay thuing hay khéng ?
Cac dac trung t8ng qudt cia he théng mdy tinh s& duge ding la
g7 Thuat todn c6 phai la mot phan nho cia mot ¥ng dung 16n, hay
nguge lai ?

Quy luat dau tién cia vide cai dat la trude tién ta nén cai dat
thuat todn don gian nhit a8 giai mot bai toan cho trude. N&u thye
t& bai toan cy thé ma ta gap hod ra la don gian, thi thuat toan don
gidn o6 thé giai quyst bai todn va khong can lam thém gi nia; ndu
mot thuat toan tinh vi hon duge yeu cau, thi ban cai dat don gian
s cung cAp sy mot kiém cerng tinh ding dan cho ¢de trudtng ho‘p
nhd va cung cip mot cAi nén cho vide danh gid cic dac trung vé
higu qua. :

Néu mdt thuat toan s duge chay chi méot vai [an trén cic
trutsng hop khong qua 16n, thi chic chin dm;lc ua chudng han khi



CHON MOT THUAT TOAN 103

bt may tinh ding them mét it thdi gian d€ chay mdt thuat toan it
hiéu qua hon mot chiit thay vi bt ngudi lap trinh bo ra mot hegng
thdi gian ding k& nita d8 phat trién mbt thuit todn tinh vi. Di
nhién, sé 06 mdt méi de dea ma ta gip phai khi ding chuong trinh
nhidu an hon 13 so vdi hinh dung ban dau, nhu thé ta nén ludn
ludn phai chuéin bj dé bt dau lai va cai dat mot thuat todn t8t hon.

N&u thuat toan sé duge cai dat nhu [a mot phan cia mdt he
thdng én, thi ban chi dat “thd thién” s& cung cép tinh nang duge
yéu cau theo mdt cach thic dang tin cay, va hidu qua c6 thé duge
nang lén theo mét cich kiém sodt duge bang cich thay né béi mot
thudt todn t6t hon sau nay. DI nhién, ta chi ¥ khang nén loai trir
cac tuy chon bang cich chi dit thuat todn theo mdt cich ma né
khé nang cip sau nay, va ta nén chd ¥ that ky vio cac thuit toan
ma né tac ra nhitng khé khan vé tinh hiéu qua khi nghidn cdu higu
qua cua hg thdng nhu ka mot téng thé. Cing vy, trong nhing he
théng 16n thung xay ra trudng hgp 1a cic yeu cau thidt k& cia hé
théng bét bude ngay tir dau la phai 6 thuat toan tat nhit. Vi du, o6
16 mdt cdu tric du litu phé bign cla hé théng la mot dang cy thé
clia xau lien két hay cily, sao cho cac thuat toan dya trén cfu trde
cy thé d6 la duge ua thich hon. Ngoai ra, ta nén chi y vao cic
thust todn sé duge dung khi tao ra cic quyst dinh rong rai cip h
théng nhu vy, vi cuSi cing, thudng tinh higu qua cia toan he
théng phy thudc vao tinh higu qua clia mat vai thuat toan oo s0, vi
dy nhu nhitng thuét todn duge ban trong quyén séch nay.

Néu thuit todn s& chi chay mét vai Tan, nhung trén nhing bai
toAn rét 16n, thi ta muén c6 mot sy tin tudng nao 46 la né sé sinh
ra nhing k&t xudt c6 y nghia vd mudn o6 mot danh gis nao d6 v
thoi gian thyc hign lau mau cia né. Mot lan nita, ban cai dat don
gian thudng c6 thé Ia that hiu ich trong vide cai dat cho mot cude
chay dubing dai, ké ca viéc phat trién cong cu dé kidm tra két xudt.

L5i phé bign nhat hay méc phai trong khi chon mt thuat ton
la bd qua cdc dac tinh ve higu qua. Cac thuat toan nhanh hon
thutng phic tap hon, va cdc nha cai dat thusng sfn long chép
nhan mét thuat todn chim hon d€ tranh phai 451 phé véi nhiang
phic tap thém vao. Nhung mdt thudt toan nhanh hon thuting
khéng phic tap hon nhigu lam, va viéc phai d6i phé them véi mot
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chiit phuc tap nda thi chi la mot gia nhd phai tra d8 tranh phai dsi
phé vdi mbdt thuét toan cham. Ngudi sit dung clia mdt s8 dang ngac
nhién cic he thdng may tinh 43 danh mat mdt lugng thdi gian
dang ké khi phai dgi cic thuat todn bac hai hoan tit trong khi ta
06 thé dung cac thut toan bac NlogN chi hoi phite tap hen chit it
nhung lai chay trong mot khodng thii gian it hon nhiéu [an.

LAi ph& bién thd hai hay mac phai trong vide chon mdt thuat
todn la chi ¥ qua nhidu vao cde dic tinh v& higu qua. Mot thuat
toan bac NlogN c6 th& chi hoi phic tap hon chit it so vdi mot
thuét todn bac hai 48i v4i cing mdt bai todn, nhung mot thuat
todn NlogN t8t hon c6 thé lam xuat hién mdt sy gia ting dang k&
vé d9 phuc tap (vA o6 thé chi thyc sy nhanh hon khi giip nhing gid
tri N réit Ion). Ciing vay, nhiéu chudng trinh chi thyc sy chay mdt
vai Jan: thdi gian can d€ cai dat va bt 160 mot thuat toan da dude
t1 wu 6 thé 11 10n han rét nhigu so véi thoi gian can chi d€ chay
mt thuat toan cham hon chut it.

PHAN TiCH THEO KINH NGHIEM

Nhu da dé cap trong chuong 6, thiat khong may thutng xiy ra
trudng hgp 1a viée phan tich toan hoc o6 thé soi roi rat it 4nh sang
trén viec mot thuat todn da cho cé thé duge hinh dung sé thyc
hién trong mot trutng hgp cho trude t6t nhu th€ nde. Trong cic
trudng hdp nhu viy, ching ta cin dya trén viéc phan tich theo
kinh nghiém, trong dé ching ta cai dat mot cich can than mot
thuat todn va gidm sit hiéu qua cia né trén di Ligu nhap “dac
trung”. Thyc ra, didu nay nén duge thyc hign ngay ca khi ta o6 thé
ding duge cdc két qua todn hec tren ven, dé kiém tra tinh hop lé
cua no,

Cho trude hai thuat todn d€ giai cing mat bai toan, khéng cé
mot sif bi hiém nao trong phudng phip : chay ca hai thuat toan nay
dé xem c4i nao chay lau hon ! Digu nay c6 vé la qua hién nhien
phai lvu ¥ d&n, nhung d6 cé thé 1a sy bo s6t phd bién nhat trong
viée nghién aitu cic phuong phip theo so sanh. Su kitn ma mdt
thuat toan nhanh gdp mudi [an mpt thuat toan khac thi rat khé
thoat khoi sy chid ¥ cia mdt ngusi nao d6 khi ma anh ta dgi mt
cdi lam xong trong ba gidly va phai dgi mot cai khdc lam xong
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trong ba muoj gidy, nhung lai rit d& xem né nhu mdt thanh t& hao
phi nh6 khong ddi trong mét phép phan tich todn hoc.

Tuy nhién, cing d& méc 16i khi so sanh cdc cai dat, dac bigt
n&u cdc mdy, trinh bign djch hay cic he thdng khac nhau duge de
cap d&n, hay néu cac chudng trinh rit 16n véi che di kién nhap it
diic trung dang dugc so sdnh véi nhau. Thyc viy, mdt thanh t8 ma
né dan t6i sy phit trién ciia vige phan tich todn hoc cic thuat toan
da tré thanh mt xu hudng dya trén cdc “benchmarks” ma higu
qua ctia nd c6 thé duge hidu t8t hon qua viée phan tich cfn than.

Msi nguy hiém chinh khi so sdnh cic chudng trinh theo kinh
nghiém 1a mot ban cai dat o6 thé duge “t8i wu” hon so vdi ban con
lai. Tac gia clia mot thuat todn méi duge d& nghj c6 thé phai chi ¥
rat nhiéu vé moi khia canh trong vige cii dat cia nd, va khang chi
¥ vao cic chi tigt cia vige chi dat mdt thuat todn of dién canh
tranh véi né. D€ tin tutng vio do chinh x4c cia mdt nghién ciu
theo kinh nghigm viéc so sdnh céc thuat todn, ta phii bao dam la
chi y déng deu dén cde cai dat. May man thay, thutng xay ra
trung hop: nhidu thuat todn wu viet duge phat sinh tir cac sia déi
tucng doi nhd trén cac thuat todn khac d6i véi ciing mot bai toan,
va cac nghign ciu so sianh thye sy la hgp 12,

Mot trutng hgp dac bigt quan trong xay ra khi mat thuét toan
duge so sanh vdi mét phién ban khic cia chinh né, hay nhing
cdch ti€p cin cai dat khdc nhau s& duge so sanh véi nhau. Mbt cach
tuyét voi 48 kiém tra tinh higu lyc ctia mdt ¥ tudng sita ddi hay cai
dat cu the 1a chay ca hai phign ban trén cung mjt dif litu nhap “cu
th&”, sau @6 chd y d&n cai chay nhanh han. Mot fan nita, dfeu nay
hau nhy ¢6 vé la qua hién nhien dé ta phai lua tam dén, nhung
moét 58 ding ngac nhién cic nha nghién atu o6 lien quan trong lic
thist ké thuat toan lai khang bao gits cai dat cie thigt k& cia ho,
nhu viy lam cho ngudi sit dung phai d2 phong |

Nhu da phac hoa & trén va & dau cia chuong 6, cach nhin duge
dung & day la tit ca viec thist k&, cai dat, phan tich todn hoe, va
phén tich theo kinh nghiém, déu déng gép cac phuong phép quan
trong cho vigc phat trién cic cai dit t&t cho cdc thuat toan tot.
‘Ching ta mu&n ding bt ky mdt cdng cy nio o6 thé ding duge d8
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nhan dude cic théng tin vé cac tinh chit cGa chuong trinh cua
minh, sau dé sta 48i hay phat trién cde chuong trinh mdéi trén co
88 cla cdc thong tin d6. Mat khac, ta khdng hudn ludn duge bién
minh trong viéc tac ra mot lugng lén cic thay ddi nhd véi hy vong
chi tién hidu qua dude chit it. Tidp theo, ta s8 ban luan vé vin dé
nay chi tigt hon.

TOI UU CHUDONG TRINH

Tién trinh téng quait cha vidc tao ra cic sia d8i nghy chng tién bd
hon cho modt chuong trinh 4&€ sinh ra mét phidn badn khic chay
nhanh hon thi duge goi 1a t8i wu chudng trinh. Day 1a mot cai tén
gia do o6 1& ching ta khong thé thdy dugc mdt chi dat “tét nhat” -
ching ta khéng thé t8i vu modt chuong trinh, nhung ching ta hy
vong cb thé cai tién né. Thong thudng, vige t8i wu chudng trinh o6
lidn quan dén cac ky thuat ty d(:'m g dudc ap dung nhu la mdt thanh
phén ca tién trinh bien dich dé cai tién hi¢u qua clia chuang trinh
da duge dich. O day chung ta ding thuat ngd nay 48 lign he dén
céc su cai tién dac - 13 - thuat - toan (algorithm-specific). Di nhién,
ti€n trinh cing kha phu thudc vho mdi trudng lap trinh va may
duge sit dyng, nhu vay ta s& chi xem xét cac vin dé khai quat d
day, chid khéng phai cic ki thuat cy thé.

Kidu hoat ddng nay duge bién minh chi khi ta bio dam la
chuong trinh s& duge ding nhidu fan bay v6i mdt lugng dif lidu
nhap 16n vi ndu thi nghiém chitng minh 1a né lyc duge dat vao
trong viéc cai tién ban cai &4t sé duge tudng thudng bdi hidu qua
tdt hon. Cach tSt nhit d& cai tién hidu qua cia mot thuat toan la
qua mdt tign trinh bign doi dan dan chudng trinh thanh céc cai
dat ngay cang tot hon, Vi dy khi-dé-quy trong chueng 5 1a mdt thi
dy vé mot tién trinh nhu viy, mic du viée cai tién tinh hidu qua
khaéng phai 14 myc tidu cia chiing ta trong trudng hgp do.

Budc dau tién trong viec chi dat mot thuat todn la phat trién
mdt bdn chay dude cla thuat toan trong dang don gian nhat cla
né. Ditu nay cung cip mot cai nén cho vide tinh ché va cai tién, va
nhu da d& cap & trén, thuong la t4t cd nhing gi dugc can dén. Bat
ky mot kit qua toan hoc nao dung duge thi nén duge kidm ching
dya trén ban cai dat: vi dy, ndu vide phan tich cé vé nhu cho thay
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thdi gian chay la O(ogN) nhung thdi gian chay thyc sy lai chi tinh
theo giay, thi cd mjt cai gi d6 sai lam, hoac la do cai dit hay do
phén tich, va ca hai nén duge nghién citu ciin than hon.

Budc ké tiép la dinh danh “vong lap trong” va thi cye tidu hoa
s0 1énh duge dé cap dén. C6 1é cach d& nhit 4 tim vong ap trong
la chay chudng trinh v sau d6 kiém tra xem nhitng lénh nao la
dugc thyc hign thuting nhat. Thong thudng, day la mdt diu hiéu
dic bigt t6t d€ cho ta biét chuong trinh nén duge cii tign & dau,
Mbi Ignh ciia vong Iap trong nén duge xem xét ky ludng. N6 o6
thyc sy can thigt hay khang ? C6 cach nao higu qua hon dé dat
duge cling mét nhigm vu hay khéng ? Vi dy, thong thuing ta phai
tra gia d& loai bo cac lénh goi thé tuc tit vong lap trong. Cé mot s&
ky thudt “ty dong” khac d€ lam dieu ndy, nhidu cai trong s8 d6
dudc cai dit trong cic trinh bién djch chudn. Cudi cung, hidu qua
tSt nhét c6 duge bing cach chuyén vong lap trong thanh ngon ngw
méy hay hgp ng@, nhung théng thutng day la phudng sach cudi
cung. |

Khong phai tit ca cic “cai tién” thyc sy lam gia tang hitu qua,
vi vity viee ki€m tra pham vi ti&t kidm nhan duge & méi bude 1a vé
cung quan trong. Hon nia, khi cai dit trd nén ngay cang duge
tinh ché hon, thi khon ngoan la nén xem xét lai khi nao thi nhitng
Itu y cin than nhu vdy v& cdc chi tidt clia chuong trinh 1a duge
bign minh. Trong qué khy, thdi gian chay mdy 1a qua dat ma vise
chi phi cho thdi gian ngudi 1ap trinh d€ tiét kigm céc chu ky tinh
todn 44 hau nhu lubn luén duge bign minh, nhung trong nhitng
nam gan day tinh the da thay d8i,

Vi dy, xét thuit toin duygt cAy tien-thu-ty (preorder tree
traversal) da ban trong chuong 5. Thyc sy, vige khit d2 quy 1a bude
dau tign trong viee “t8i vu” thuat todn nay, vi né tap trung vho
vong lip trong. Ban khéng dé quy thi thye sy 12 cham hon ban d8
quy trén nhigu he thdng (ngudi doc c6 thé kidm tra dieu nay) do
vong lap trong dai hon va gom bdn (méc dit khong d& quy) lenh goi
thd tyc (pop, push, push va stackempty) thay vi hai. Néu cac lenh
goi tdi cic thu tyc cia ngan x&p duge thay bang doan chuong trinh
dé truy xudt tryc tiép ngan x8p (bing cich dung mot cai dat
mang), chudng trinh nay c6 thé 1a nhanh hon ding k& bén de quy.
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(Mot trong cic thao tac push cie thuat tean 1a vyn vat, nhy vay
chudng trinh lap-trong-vong-lap cd thé 1a co s& cho mot phigén ban
duge t8i uu hod). Sau dé rd rang la vdng lap trong lién quan d&n
vide tang con trd ngin x&p, chia mdt con tro (t1.r) trong mang
ngan x&p, dat lai con trd t (thanh t'.1), va so sanh né vdi z. Trén
nhitu may, didu nay c6 th8 duge cai dat trong bdn lenh cla ngon
ngd may, mic du mot trinh bién dich &3c trung cb thé sinh ra gip
hai lan s& lgnh hay nhigu hon. Chudng trinh nay o6 thé dude tao dé
chay nhanh hon bén hay nam [an ban cai dat dé quy don gian ma
khong phai lam qua nhigu vige,

Hién nhién, cic vin d& dang ban luan & day la rit phy thude
vao mdy v he théng. Ta khong thé tham dy vho mot thi nghidm
nghiém tic d¢ ting tdc mdt chudng trinh ma khong o6 mot kign
thitc chi tigt v& hg didu hanh vA mdi trutmg lap trinh. Ban t3i uu
cia mdt chuong trinh o6 thé trd nén kha yéu va khé thay dfi, va
mét trinh bién dich mdi hay mét hé ditu hainh mdi (chi khong de
cip dén mdt may tinh mdi} oo thé lam hu hoan toan mdt ban cai
dat da duge tdi uu hod cAn than. Ngoai ra, chiing ta tip trung vao
tinh hiéu qua trong céc cai dat cia minh bing cich chi y vao vong
lap trong & mdt clp dd cao va bang cdch bdo dam la téng phi ti
thuat todn la duge cyc tifu hoa. Cac chuong trinh trong quyén
sach nay dugc mé mot cach chit ché va phai chju sy cai tign khic
nita theo mdt phuong thic dan gian d6i véi bat ky mot mdi truding
lap trinh nio.

Vigc cai dit cia mot thuat toan 1 mdt chu trinh phat trién cta
mbt chudng trinh, bat 16i né vi hoc cac tinh chat cla né, sau do
tinh ché lai ban cai dat cho dén khi dat t6i mdt miic hitu qua dang
mong mudn, Nhu da ban trong chudng 6, viec phan tich toan hoc
thuding o6 thé trd gitip trong tign trinh: trude tien, d& dé ra nhing
thuit todn nao la cdc ing vien hda hen thyc hign tot trong mot
ban cii dat can than; thd hai, 48 giip kiém ching i3 ban cai dat
dang thyc hign nhu mong mudn. Trong mot vai trudng hgp, tién
trinh nay o6 th& din téi vide phat hign ra cde sy kién vd bai todn
ma nd d2 xudt ra mdt thuat todn méi hay nhing cai tién that sy
trong mdt ban cai dat cd.
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THUAT TOAN VA HE THONG

Vige cii dat cia cic thuat toan trong quyén sach nay cé thé duge
tim thay trong hang loat cic bai todn ldn, cac hé didu hanh, va cic
h2 théng dng dung. Dy dinh cla chiing ta la mé ta cdc thuit todn
va khuyén khich ngudi doc tap trung vio cic tinh chit dong qua
vigc thi nghiém vdi cie chi dat da cho. Pdi vdi mdt vai dng dung,
cdc chi dat o6 thé that hitu ich ding nhy d4 cho, nhung d6i véi cac
ung dung khac c6 thé can lam nhidu cdng viec hon,

Trude tién, nhu da d& cip trong chuong 2, cic chuong trinh
trong quyén sich nay chi ding cic dic trung co ban ciia Pascal,
thay vi tan dyng cic kh4 ning cao cAp hon ma 16 o6 thé diung duge
trong Pascal va cdc méi trudng lap trinh khic. Muc dich cta
chiing ta la nghién ctu cic thuat todn, chit khong phai la Jap trinh
h¢ thdng hay cac dac trung ciip cao cia ngén ngit lap trinh. Hy
vong la cic dac trung chi y8u cia céc thut todn duge trinh bay
mdt cach t8t nhit qua cic chi dat don gian, tryc ti€p trong mot
ngdn ngl gan-nhu-phd-dung.

Kiéu thic 1ap trinh chiing ta dimng hoi vAn tit, vdi cic t2n bién
ngin va mot vai chi thich, sao cho cie cfu tric digu khidn duge
néi bat 1én. “Suu litu” cia cAc thuat toan 1a cdc van ban di ken,
Mong rimg ngudi doc ma cf diing d&n cac chuong trinh niy trong
cAc Ung dyng thyc sy s sia sang lai ching mdt chut, am cho
ching thich nghi duge véi mot ing dung ey thé. Mot kidu thie lap
trinh “d6i phd” khac duge bién ho trong viee xay dyng cic hé
thong thuc: cic chuong trinh phai duge cai dat sao cho ching c6
thé duge thay d8i dé dang, dugc doc va hidu nhanh chéng béi cac
ngudi lap trink khic, va giao ti€p tot.véi cic phan khic cda he
thong.

Cu thé, cdc cfiu tric dd lidu duge yeu cau cho cée ing dung
thung chia cdc thong tin khac ngoai nhing cii duge dung trong
quyén sich nay, mac dit cac thuit toin ma chung ta xem xét la
thich hgp cho cic cilu tric dit lidu phiic tap hon, Vi dy, ta néi ve
viéc tim ki€m xuyén sust céc tip tin chda cdc s8 nguyén hay céc
chudi ky ty ngén, trong khi mdt ng dung dic trung sé yeu cau
xét nhiing chudi ky ty dai ma né Ia mét phan cla cic miu tin 1on.
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Nhung cic phusng phip cg ban dung duge cho ca hai trudng hop
12 nhu nhau. Trong cic trudng hgp nhy vy, ta sé ban dén cac dac
trung hién nhién cla ting thuat todn va viéc chiing c6 lien quan
nhu the nao véi cdc yéu cau ing dung khic nhau.

Nhiéu thanh phan trén day lién quan dén vige tang tinh hidu
qua cla m(‘;:t thuit toan cy thé cling duge dp dung dé témg tinh
hidu qua clia mt he théng 16n. Tuy nhlén, trén pham vi ldn hon
nay, mét ky thuat dé tang tinh higu gué cGa he thing c6 thg Ia
thay th& mot cai dat don thé cia mot thu.i-'lt todn bang mot cai dat
don thé khdc. Mt nguyén 1y cd ban cia viee xay dung cac hé
théng 16n la nhiing thay d8i nhu vy 1a o6 the duge. Cy thé, khi
mit he thfmg 16n phat trién trong thye t, nhing tri thic chinh
xAc hdn vé cic yeu cau cy thé cho cdc don thé cy thé duge tang
cuting. Tri thifc cu thé hon nay khi&n cho ta c6 thé chon mot cach
cén than hon thuat toan tét nhat dé dung nhim thod man cic yéu
cau d6; sau dé ta o6 thé tap trung vao vigc cii tién hidu qua cia
thuat todn d6, nhu 3 mé ta & trén. Chéc chin day 1a trudng hop
khi ma mdt phan 1dn cha chudng trinh hé théng chi duge thi hanh
mot vai [an (hay khong thi hanh [An nao h&t) - quan tam chu y&u
cua ngudi xéy dyng hé thong la tao ra mot tnng thé co két. Mat
khéc, rdt c6 thé 1a khi mdt he th(’mg di vao st dung, nhidu thi
nguyén cua ching sé duge dung dé gla.l quyét cdc bai toan cd ban
o6 ki€u da duge ban trong cudn sich nay, sao cho né thich hcrp cho
cic nha xay dyng h¢ thong d& hiéu vé cac thuit todn oo s ma ta
ban dén.
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BAI TAP

1. Mat bao nhidu lau d&€ d&m tdi 100000 ? Panh gid xem chuong
trinh j:=0; for i:=1 to 100000 do j:=j+ 1 chay mét bao lau trén
mdi trudng lap trinh cua ban, sau 46 chay chugng trinh d&
kiém tra danh gia cGa ban.

2. Tra 16i cAu héi trén day dung repeat va while.

3. Bang cich chay trén cic gia tri nho, danh gia xem cii dat cla
sang Eratosthenes trong chuong 3 chay mat bao lau véi
N=1000000 (n&u c6 di bd nhé dé dung).

4. “T8i wa” cii dat sang Eratosthenes trong chudng 3 dé tim s8
nguyén t8 16n nhat ban 6 thé ¢6 trong 10 giay tinh toan.

5. Hay kiém tra khing dinh trong bai hoc 1a vige khi dé quy tu
thuat todn duyét cay tién-thd-tu cua chuong 5 (vdi cac 1énh goi
thu tuc cho céc thao tic ngin x&p) khién cho chuong trinh chay
cham haon.

6. Hay kiém tra khing dinh trong bai hoc la viee khir d& quy ti
thuat todn duyét cay tién-thui-ty cia chuong 5 (va viée cai dat
cac thao tic ngan x&p “inline”) khi&n cho chuong trinh chay
nhanh hcn.

7. Xét chuong trinh hgp ngi duge sinh bdi trinh bign djch Pascal
trong mai truong lap trinh cuc bd cua ban cho thuat todn duygt
chy tien-thi-ty dé quy cia chudng 5.

8. Thiét k& mat thd nghiem 4& kiém tra xem cai dat xau lign két
hay mang clia mdt ngan xép ddy xudng (pushdown stack) la
higu qua han trong moi trudng lap trinh cia ban.

9, Phuong phap nao hidu qua hon, khong d& quy hay dé quy, dé vé
mdt thude ké da cho trong chudng 5.

10.Cé ding bao nhidu ddng tic push vao ngin x&p phy trg duge
dimng bdi cai dat khong de quy da cho trong chudng 5 khi duyst
mbt cay day da gom 2 - 1 niit theo tién-thi-ty.
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CAC PHUONG PHAP SAP XEP
' CO BAN

Vi cude du ngoan dau tién cia ching ta la di vao lanh vye cia
cdc thuat toin sAp x&p, ta sé nghién ciu mdt vai phuong phap “co
ban” ma né thich hdp cho cac tap tin nhd hay cic tap tin véi mot
cAu tric dd litu dac thi nao 46, Cé nhitu 1y do d& nghien odu
nhiing thuit todn sip x&p don gian ndy chi tiét hon. Bau tién,
ching cung cip mdt phuong phap tuong dai khong khé khan dé
hgc danh tit chuyén mén va cdc od ch® cd ban cho cdc thuat todn
shp x&p sao cho ta c6 duge mdt cii nén thich hgp d&€ nghien citu
nhiing thuit todn tinh vi hon, Thif hai 14, trong nhitu dng dung
16n cha sép x&p, t6t hon nén ding cdc phuong phéap don gian nay
thay vi 14 cdc phuong phap da nang manh hon. Cudi ciing, mdt vai
trong s6 cic phuong phap don gian niy mé rong thanh cac phuong
phap da néng t&t hon hay c6 thé duge ding d€ nang cao tinh higu
qua cua cdc phuong phap manh hon.

Nhu da dé cap & trén, 06 nhiéu dng dung sip x&p trong d6 mot
thuat toan tuong doi don gidn 6 thé la phuong phap duge chon.
Céc chuong trinh sip x&p thudng chi duge ding mot Ian (hay chi
mot vai [an). N&u s§ méu tin duge s3p la khéng qua 1on (khoang it
hon nam tram phan t), 6 thé s hidu qua hon khi chi chay mat
phuong phdp don gian thay vi cai dat va bt 16i mdt phudng phap
phuc tap. Cac phudng phdp co ban ludn thich hgp cho cac tap tin
nhé (it hon 500 phan ti); khéng thich hgp khi ma mdt thuét todn
‘tinh vi s& duge hidu chinh cho mét tap tin nhd, trir phi ta can sép
x&p mot lugng rit 1on cic tap tin nhu vay. Cac kidu tap tin khde
ma nd tudng ddi dé sip la nhitng cai ma né da hau nhu duge sip
(hay da dugc sép !) hay nhing tap tin ma né chda mdt lugng 16n
cac khod bang nhau. Céc phuong phap don gian o6 thé lam t6t hon
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nhidu trén cac tap tin o6 ciu tric t8t nhu vAy so véi cdc phuong
phap da nang.

Nhu thong 1, cic phudng phip co ban ma ta xem xét & lay
khoang N2 budc dé sdp N mAu tin duge x&p ngu nhién. Néu N
tudng déi nho, thi diew nay c6 thd khong thanh vin dé, va néu cic
mau tin khong dugce xép mot cach ngiu nhign, mdt vai phuong
phap o6 thé chay nhanh han nhing phl.mng phap phuc tap khéc
nhigu. Tuy nhién, phai nh&n manh la cic phudng phap nay khong,
nén dung cho cdc tap tin 16n, shp nghu nhién, vdi ngoai 12 dang chui
¥ la Shellsort, ma né thye sy 14 phuong phap sip x&p dugc chon lya
cho mét fugng 16n cdc ing dung.

QUY LUAT CUA TRO CHO1

Trude khi xem xét mdt vai thuat todn cy thé, cing can ban ve mdt
vai thuat ngit chuyén mén thong thuting va cace gia dinh co 6 cho
cc thuat toan sip x&p. Ta sé xem xét cic phudng phap dé sép cic
tap tin gom cic miu tin c6 chua khod (key). Cac khod, ma né chi
Ia mot ph."in cla cac méu tin (thudng la mot phan nhé), duge ding
dé didu khién viee shp x&p. Muyc dich cGa phuong phdap :.Eip x&p la
t3 chiic Jai cdc méu tin sao cho cdc khoa clia ching dugc sép thit ty
tuong uing vdi mot quy luat sdp x€p da duge djnh nghia o rang
(thuting la thit ty 5 hay chi).

Né&u tap tin duge sé'ip nam khit trong bp nhé (hay, trong nga
canh cua ching ta, la né nim vira trong mot mang cta Pascal), thi
pero‘ng phép sip duge goi la sAp x&p trong (internal sorting). Viéc
sp cAc tap tin trén bang tir hay dia dudc goi la sip x&p ngoai
(external sorting). Su khédc nhau chinh giia hai phitdng phap la bat
ky mot mau tin nao ciing cd thé d& dang duge truy xuat trong mot
sut sap x&p trong, trong khi mot sfp x8p ngoai phai truy xuit cac
méu tin mdt cich tuan ty, hay it nhat la theo cic khai Ion. Ta sé
xem mot vai cich sdp x8p ngoai trong chudng 13, nhung hau hét
cac thuit todn ma ta sé xem xét la sip x&p trong,

Thong thuting, thong s vé hidu qua chinh ma ta quan tam 1a
thoi gian chay cia cac thuit toan sp x&p. Bdn phuong phap dau
ma ta s& xem xét trong chuodng nay can mt khoang thdi gian ti 18
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voi N2 dé sfip N phan ti, trong khi cic phuong phap cao ciip hon
o6 the sip N phan ti trong mdt khodng thai gian i 18 véi NlogN.
(C6 th8 ching minh Ia khang c6 thuit todn sip nio o6 thé ding it
hon NlogN phép so sanh giita cdc khod). Sau khi xem xét cdc
phuong phédp don gian, ta s xem mdt phuong phap cao cip hon
ma né o6 the chay trong khodng thoi gian ti 1 vai N2 hay it hon,
va ta sé thay la o6 nhing phudng phap ma né dung dén cac tinh
chit s3 cia cic khod d€ nhan duge mdt thisi gian chay tdng cong ti
l& vai N.

Lugng bd nhd phu trg duge ding bdi mot thuat todn sip xép la
thanh 8 quan trong thu hai ma ta s& xem xét. Ve oo ban, cic
phucng phap chia thanh ba loai: nhitng phudng phap sép tai chd va
khong ding dén bd nhd phu trg ngoai trit bd nhd cho ngin x&p hay
bang; nhing phudng phip ma né ding mdt bidu dién xau lien két
va vi vy diing thém N tif nhd cho cic con trd xau; va cie phuong
phdp ma nd cin cé dd bd nhd phy trg dé chifa mdt ban sao khac
cia mang sé duge sip. '

Mot dac trung clia cic phuong phap sip x&p doi khi quan trong
trong thyc tién 1a tinh &n djnh (stability). Mot phuong phap sAp
duge goi la 6n dinh n&u né bao toan thi ty tuong ddi cia cic khoa
bang nhau trong tap tin. Vi dy, ndu mot danh sach I6p theo
alphabet duge sip theo diém, thi mot phudng phap 6n dinh s& sinh
ra mot danh sdch trong d6 céc sinh vién c6 cling diém thi vAn nhim
theo thit fu alphabet, nhung mét phuong phap khong 8n dinh o6
thé sé sinh ra mot danh sich ma né khong con mot tan tich g vé
thi ty alphabet ban dau. Hau hét cdc phuong phap don gian la én
dinh, nhung hau h&t cdc phuong phap phuc tap néi tiéng thi
khong. Néu tinh on dinh I quan trong, né c6 thé bi bit bude bang
cdch thém vao mdt chi myc (index) nhé cho mi khoa trude khi
shp hay biing cich n6i dai khod sip ra theo mdt cich nae dé. Dé
lam cho tinh én dinh dugc thita nhan: con ngudi théng thuting
phan ung lai cdc tdc dong khdng ung ¥ cla tinh bit 8n dinh bing
sy khong tin tudng. Thyc ra, mot vai phuong phap dat duge tinh
&n dinh ma khong ding d&n thai gian hay khéng gian phy trg.

Chuong trinh sau day sdp x&p ba méu tin, dy djnh ding dé
minh hoa cic quy ude thong thuong ma ta sé st dung. Cu thé,
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- chuong trinh chinh Ja médt chudng trinh k¥ dj 4 tap dugt, ma né
chi chay véi N=3; quan di€ém 1a bat ky mot chuong trinh sip x&p
nio ciing c6 thé dlfdc thay the cho sort3 trong chudng trinh “dieu
khi&n” nay.

program threesort (inpul, output);
const maxN = 100;
var a: array [1..maxN] of integer; N,i; integer;
procedure sortd; -
var tinteger;

n
ifaf1] > af2] then begin { ;=of 1] af 1] := f2} af2f:= tend;
if of1] > of3]/ then begin t := /1) o/ 1] := aof3]: af 3] : = t end,
if of2] > of3] then begin ¢ : = of2]; of 2} - = &/ 3] o/ 3] := t end
end;

begin readln(NJ;

fori:=1 to N do readiafi]);

if N=3 then sort3;

for i;=1 to N do writefali });

writeln

end,

Ba lenh gin theo sau mbi mét if thye sy cai dat mdt thao tic
“hodn vi”. Ta s& viét cdc doan ma cho nhitng phép hoan vi nhu vay
thay vi ding modt lénh goi thi tuc vi ching 13 co sd cho nhitu
chuang trinh sip x&p va thuding roi vio vong lap trong.

Véi myc dich la tap trung vho cac vin dé thuat todn, ta s& lam
vigc véi cic thust todn ma no chi sAp cic mang s& nguyén theo thd
tyt s8. Thuong la don gian d€ lam cho cic thuat todn nhu vay trd
nén thich nghi véi mét tng dung thyc t& ¢ cic khoa ldn hay cdc
mAu tin 1én, Co ban, cic chuong trinh sip truy xuit cac ban ghi
theo m{t trong hai céch: hoéic 1a cac khod duge truy xuit dé so
sdnh, hojic 1a toan bd cic méu tin duge truy xuat sé duge di chuyén
di. Hau hét cac thuat todn ta s& nghign cdu oo thé duge tinh todn
lai trén co s3 hai thao tdc nay trén cdc méu tin thy y. Néu cac miu
tin sé dugc sdp 14 16n, thudng sé 1a khén ngoan khi tranh lam i
tung ching lén bﬁng cich thyc hign mot “phép sAp gian tigp”: &
day chinh cdc mau tin Ja khong can thiét dugc sép lai, nhung thay
vao d6 1a mét mang cic con tré (hay chi muc) dude shp x&p lai sao
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¢ho con tré dau tién chi tdi méu tin nhé nhit,... Cac khoa o6 thé
dugce giﬁ‘ hoae Ia véi cac miu tm (néu chung 1én) hoac la vdi cde
con trd (n€u ching nhé). N&u can, cdc miu tin sau d6 c6 thé duge
t& chic lai sau khi sAp x&p, nhu dugec mo ta trong phan sau cia
chugng nay.

Chuong trinh sort3 & trén ding mdt truy xudt tham chi bj
rang budc hon vdi tap tin: d6 la ba lénh o6 dang “so sanh hai mdu
tin vA hodn vi chiing n&u can d€ dat mau tin ¢é khoa nhd hon lan
dau tien”. Cac chuong trinh bj rang budc vao cée lenh nhu vay la
dang chi y vi chung thich ho‘p cho cai dat trong phan cing. Ta sé
nghién ciu vin dé nay chi tigt hon trong chuong 40.

Bang cach ding nhiing chudng trinh ma né chi thao tic trén
mdt mang ton cuc, ta sé bo qua “bai todn nén” ma né cé thé giy
phién ha trong mot vai méi trugng lap trinh. Mang c6 nén dua tdi
thi tyc s’ap xép nhu mot tham bién hay khéng ? Co thé cung mot
tha tyc sép xep duge ding dé s%ip cAc mAng sO nguyén vi cic mang
st thuc (va mang g6m cdc mAu tin phlrc tap tuy y) hay khong ?
Tham chi vdi cac gia djnh don gian cia chiing ta, chung ta phaj
ding k& d& tranh dudc sy thidu sét cac kich thuéc mang dong
trong Pascal bang cach khai bio trude modt con s6 t3i da. Nhing
mdi quan tAm nhu vay sé la dé d8i phé trong cdc mdi tring lap
trinh tuong lai hon la trong cac mdi trudng lap trinh da qua va
hién nay. Vidy, mot vai ngdn ngt lap trinh hién dai ¢6 cic phuong
tién duge phat trién that t5t d€ déng goi cic chuong trinh véi nhau
vao trong cic hé 16n. Tuy nhién, nhing co ché nhy vay thi khong
thyc sy duge yeu cau dai vdi nhleu ing dung cac chuong trinh
nhd ma né hoat dbng tryc ti€p trén cic mang toan cuc o6 nhigu
ing dung, v mdt vai he diéu hanh lam cho né trd nén hoan toan
dé dang dé két hop cic chuong trinh don gian lai vdi nhau, giéng
nhu cai § trén, duge ditng nhu mdt “bd loc” (filter) gitta ngd nhap
vao (input) va ngd xudt ra (output) cia né. Hién nhién, cic.cha
gidi niy ap dung cho nhitu thuat todn khdc ma ta s2 xem xét, mac
di cac tac ddng 43 duge d& cap b 18 di duge cdm nhan mdt cich
siu sc nhit ddi vdi cac thuat toan sip x&p.

Mit s8 chuong trinh dung mdt it cic bign toan cuc khac. Cac
khai bsdo méa né khdng hién nhién thi s8¢ duge dua vao trong doan
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ma chuong trinh. Cing vy, ta sé ddi khi gia djnh la cdc bién cla
mang di tdi 0 hay N+1, 88 chia cic khoa diic bigt duge dang bai
mdt vai thuit todn. Vi dy, thong thudng ta s& ding cic chi cii cia
bang chi cii thay vi ding cac s8: cdc khod nay duge kiém soft theo
mot cdch hién nhién, st dung cic “ham chuyén déi” gita s8
nguyén va ky ta la ord va chr cia Pascal.

R %4
SAP XEP CHON
{Selection Sort)

Mot trong cic thuét todn shp x8p don gian nhat hoat ddng nhu
sau: d4u tién tim phan t¥ nhé nhit trong mang va hodn vj né vai
phan ti trong vj tri dau tién, sau d6 tim phan td nhd nhit k& tidp
vh hodn vj né vdi phan ti trong vj tri tha hai, va ti€p tuc theo
phudng phéap nay cho dén khi toan bd mang da duge sip. Phuong
phap nay duge goi la sip x&p chon vi né lam viée biing cach lap lai
vige “chon” phan tt nho nhét con lai, nhu duge minh hoa trong
hinh 8.1. Buée dau tien khong c6 anh hudng gi do khong o6 phan
tif n&o trong mang nho hon A & bén tréi. J bude thi hai, A thi hai
1a phan ti nhé nhit cdn lai, nhy thé né duge hoan vj vdi S trong vi
tri thit hai. Cha E dau tién duge hodn vi véi O trong vj tri thd ba a
budc thit ba, sau d6 chir E thi hai duge hodn vj véi R trong vj tri
tha tu & bude thd tu,...

Chuong trinh sau day 12 mot cai dat day da cla ti#n trinh nay.
V6i méi i chay tir 1 t8i N-1, né hoan vi phan t nhd nhét trong
ali..N] vdi a[i]:

procedure selection;
var i j,min,Linteger;
begin
fori:=1toN-1do
begin min:=i;
for j:=i+1 to N do if afj] < a/min] then min: =j;
t=alminl afmin}=afi} ofi]:=¢ .
end;
end;

Khi con trd i duydt tir trai sang phai qua tap tin, cdc phan t&
nim bén trai cla con trd la theo thi ty k&t qua cia chiing trong
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Hinh 8.1 Sdp xép chon
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mang (va sé khdng duge dung trd lai), sao cho méang duge sip mot
cich tron ven khi con tré di tdi v tri cudi bén phai.

Day 14 mdt trong cac thuit todn sAp x&p don gian nhét, va noé
sé hoat dong rét tdt cho cac tap tin nho. “Vong lap trong” la phép
s0 sdnh a[j]<a[min] {chng véi doan ma can 4é tang j va kiém tra la
n6 khong vugt qui N), ma né kho cé thé don gidn hon. Dusi day ta
s ban vé s8 [an cdc 1énh nay c6 thé durge thyc hign.

Hon the nifa, bat chip cich ti€p can “thd thién” hién nhién,
phuong phap sap x€p chon thye sy ¢& mot ¥ng dung thit quan
trong: do mdi méu tin thyc sy duge di chuyén nhiéu nhat chi mot
fan, phuong phap sép x&p chon 1a phlfdl'lg phap duge chon d€ sip
cée thp tin vdi cic mAu tin rat 1dn vi cdc khod nhd. Dieu nay duge
thac luin chi tigt dudi day.

wfa ~ Y

SAP XEP CHEN
(Insertion Sort)
Mot thust todn gin nhu don gian ngang vdi thuit toan sip x&p
chon nhung c6 18 mém déo hon la sip xép chén. Day 14 phuang
phap nguti ta thutng ding da sﬁp x&p cdc thanh tay ciu (bndge
hand): xét cic phan tit mdi cai & mot thoi diém, chén ting cii vio
trong vi tri thich hgp coa nb trong 8 cac phan ti da xét rdi (da
duge sdp roi). Phan & dang duge xét duge chen mot cach don gian
bang cach chuyén cic phan ti 16n hon sang phai mot vj tri va sau
d6 chen phan ti vao vi tri da duge bd, nhy duge minh hoa trong
hinh 82, 5 trong vj tri thi hai la 16n hon A, vi viy no khﬁmg bj di
chuyén di. Khi bat gap O trong Vi tri thd ba, né duge hoan vi v6i §
d€ dat A O S theo thi ty duge sép,...

Tién trinh ndy duge chi dat trong chuong trinh sau. D&i vdi

mbi i di tir 2 t6i N, ali] duge chen vao vi tri nAm gida cde phan ti
trong a[1.i-1}:

procedure insertion;
var ij,vinteger;
begin for i:=2 to N do
begin
pr=afif; j:=i;
while ofj-1/> v dobegin afj} =qa/j-1]: j:=j-1 end;
afji:=v
end

end;
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Nhu trong phép sip x&p chon, cic phan tf nam bén trai cia
con trd i la theo thd ty da duge shp trong lic sép x€p, nhung
chiing khong phai 13 vi tri k&t qua cudi cing, vi ching o6 thé phai
duge di chuyén @8 tao ra chd trdng cho cic phan ti nhé hdn duge
gap sau d6. Tuy nhién, mang duge sdp tron ven khi con tro di t6i
dau ben phai. '

Co mdt chi tidt quan trong hon phai xem xét: d6 1a thd tyc
insertion khéng hoat déng, vi l12nh while s2 chay 16 qua d4au bén
trai cia mang khi v Ia phan td nhd nhit trong mang. Dé sia 16i
nay, ching ta dat mdt khod “cam canh” trong a[0], lam cho né it
nhit 13 nhd bing phan ti nhé nhit trong mang. Cic khod cam
canh duge dung phd bién trong cac trudng hgp giong nhu trudng
hgp nay 48 tranh phai thém vao mot phép kifm tra (trong trusng
hgp nay 1 j>1) ma né hau nhu ludn ludn xay ra & vong lip trong.

N&u vi mdt ly do nao 46 khong thuan tién d€ ding mot bign
cAm canh vh mang thyc sy phai ¢é cac bién [1..N], Pascal chuin
khong cung cip mdt cach khac sach s&, vi n6 khong ¢6 mt lenh
and “cé didu kién”: trudng hop nay c6 vé can dén phép kiém tra
while (j>1) and (a[j-1}>v), nharng 1énh niy khong hoat dong vi
ngay ca khi j=1, phan thi hai cua and sé& duge lugng gia va sé gay
ra mdt phép truy xuit mang vugt-khéi-bign. Mot lenh goto khoi
vong lap c6 vé nhu duge can d&n (mdt vai ngudi lap trinh thich
nhdy tdi cac khoang cach nao dé dé trinh cdc lgnh goto, vi dy nhu
bang cich thyc hién mdt hanh dong bén trong vong lap dé bao
dam la vdng lap kit thic. Trong trudng hgp nay, mot 1oi gidi nhu
vy cd vé khd dude bigén minh, vi né khi&n cho chuong trinh khéng
16 rang hon va thém vio cic tén phi mébi fan di qua vong lap d€
kifm tra mat bign of higm).

BAN THEM: SAP XEP NOI BOT
(Bubble Sort)

Mot phudng phap sip x€p cd ban thuting duge day trong cac 16p
nhip man la sip x&p ndi bot: duy tri vide di chuyén qua tap tin,
hodn vj cac phan tit k& nhau, néu can; khi khong can dén mdt hodn
vi ndio khic 8 mot bude ndo dé thi thp tin duge sAp xong. Mot chi
dat cda phugng phap nay duge cho dudi day:
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procedure bubble;

var i jtlinteger;

begin ,

for i:=N downto ! do
for ;;=2toi do

if afj-1} >afj] then
begin t:=afj-1]; afj-1/:=dlj}; afj}=¢
end

end;

Hay suy nghi trong chéc lat dé tin tudng la doan chudng trinh
nay hoat dong duge. D& 1am dizu nay, chud ¥ 1a bat k¥ hic nao phan
tu 1dn nhit duge bat gap trong bude dau tién, né s2 duge hoan vj
véi méi mpt phan ti nim bén phai clia n6, cho dén khi né di dén vi
tri tin cling bén phai cia mang. Sau d6, & bude thi hai, phan tir
16n nhat ke tiep sé dude dat vio dung vi tri... Vi viy sip x&p ndi

bot thao tac nhu mét kidu sip xép chon, mac di né khéng lam
- nhidu viée hon dé dua tirng phan ti vao duing vj tri.

DAC TRUNG VE HIEU QUA cUA
CAC PHEP SAP XEP CO BAN

Céc minh hoa tryc tip vé cic dac trung thao tac cia phép sip
chon, s&p x&p chén va sip x&p ndi bot duge cho trong hinh 8.3, 8.4
v 8.5. Céc hinh vé nay cho thiy ndi dung cia mang a doi véi ting
thuat todn sau khi vong l3p ngoai da lap duge N/4, N/2, va 3N/
[an (b4t dau bang mot phép xdo tron ngau nhign cia cic s§ nguyén
ti 1 t6i N coi nhu di kign nhap can sip). Trong cic hinh vé, mdt
hinh vudng duge dat & vi tri (i) vdi alil=j. Mot mang khong c6
tha ty vi vily sé 1a sy hién thj ngfu nhitn cla cac hinh vubng;
trong mdt mang da duge sip, méi hinh vudng sé xuit hitn d trén
cAi nam bén tay trai cia né. D8 cho 1o rang trong cac hinh vé, ta
chi ra cic phép chuydn vj (cic phép sip x&p lai cia céc s§ nguyén
tit 1 t6i N), ma, khi da duge sip, sé ¢6 cac hinh vudng tat ca deu
thing hang doc theo dutng chéo chinh. Céc hinh vé cho thay cac
phueng phdp khdc nhau da tién trién hudng vé muye tidu nay nhy
thé nao,
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Hinh 8.3 Sdp xép chon mét chuyén vi ngéu nhién

Hinh 8.3 minh hoa lam th& nao phép sfp x&p chon chuyén tir
trai sang phai, dat cac ph'Qn tit vao vj tri két qua cua ching ma
khong nhin nguge lai. Pieu khong ro rang trong do hinh nay sép
X&p chon t6n nhiéu thoi gian dé tim phan ti nho nhAt trong phan
chua sip cua mang.

Hinh 8.4 trinh bay cach thic phuong phéap chén di tir trai qua -
phai, chen cic phan ti mdéi phat hién vao ding ché ma khong can
quan sit gi thém & phia trudc. Phia trai cia mang thay doi lién tuc.

Hinh 8.5 cho thdy sép x&p chon va néi bot tuong ty nhau. Sip
xép bang phudng phap ndi bot “chon” phan ti 16n nhit trong so
con lai trcmg mbi glm doan, nhung khong tan dung dugc thi ty dé
sip phan con lai cua mang.

T4t ca cic phuong phap deu ti 12 N2 trong ca hai trugng hop
t6t va xAu nhat va khéng doi hdi nhidu bd nhd. Vi vay cdc [an so
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Hinh 8.4 Sdp x&p chén mot chuyén vi ngau nhién
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Hinh 8.5 Sdp xép néi bot mot chuyén vi ngéu nhién

sanh cha ching phy thudc vao chieu dai cia cic vong lap trong va
dac tinh cla d litu nhap.

Tinh chit 8.1: Sip xép bing phuong phap chon (selection
sort) can N2/2 lan so sanh va N lan hodn vi.

Tinh chat nay dé thdy & hinh 8.1, 1a bang NxN trong dé mot
ky ty tuong w@ng v6i mot phép so sdnh. Nhung né chi khoang mot
nia cic phan ti nAm trén dudng chéo. N-1 phan ti trén duong
chéo (trit phan ti cudi), méi phan ti tuong ing véi mdt hoan vi.
Chinh xac hon: Véi moi i tir 1 dén N-1, c6 mot hoan vi va N-i so
sdnh, vi the tong cong c6 N-1 hodn vi va (N-1)+(N-2)+..+2+1 =
N(N-1)/2 so sénh. D1 cho dit ligu nhap nhu th& nao di nia thi két
qua trén vin git nguyén: phan duy nhat cia phuong phap sip x&p
chon phy thue vao viec nhap la s8 lan gi4 tri min dugc cap nhat.
Trong truong hgp xau nhat, cic thuat toan cing ti 1¢ N2 nhung
trong trudng hgp trung binh, tinh toan nay ti 1& vdi NlogN vi the
ching ta mong muén la thoi gian chay phuong phap sip bang chon
sé khong bi anh huéng bdi dit lieu nhap.

Tinh chét 8.2: Sdp xép bing phuong phap chen trung binh
. can N4 lan so snh va N2/8 lan hodn vi, xéu nhat ghp doi sb lan
nay. :

Nhu & trén da cai dat, s6 [an so sanh va “hodn vi modt nita” (di
chuyén) ngang nhau. Viéc tinh todn nay dé quan sat & hinh 8.2.
- Hinh vé NxN cho thdy chi tiét ciia thao tic cua thuat todn. S&
phan ti bén dudi dudng chéo chinh d&m dugc la cdc phan ti trong
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truting hop xiu nhat. Trong trutng hgp di litu nhap la ngau
nhién, ching ta mong mudn mdi phan t di nguge nia dubng,
tinh theo trung binh, la khoang nua s& phan t0 nam dudi dutng
chéo chinh.

Tinh chiit 8.3: Sdp xép blng phuong phép ndi bot can trung
binh N22 lan so sanh va N%/2 hoin vi va tuong tir cho triong hop
xfe nhat.

Trong truong hop x&u nhat (tap tin sfip ngude), ro rang la fan
s&p x&p néi bot thd i cAn (N-i) so sinh vA hoan vi, ching minh
g16ng nhu sip bang phudng phap chon. Nhung thai gian chay caa
sAp bang phudng phap ndi bot phy thude vao dif ligu nhap. Chéng
han, chi can mét Tan lap khi tip tin da shp roi (trong truting hop
nay phudng phdp chén cing nhanh nhu vay). Trusng hgp trung
binh khéng t&t hon bao nhigu so vdi trudng hop xfu nhat mac da
viéc phan tich ¢6 vé phic tap hdn.

Tinh chit 8.4: Sidp xép bing phuwong phdp chén li tuyén tinh
doi véi chc tap tin “héu nh dd dige sdp”.

Mac di quan diém vé tap tin “hau nhyu da duge sip” la kha
khong chinh xdc, nhung sép bang phudng phap chen thao téc tot
trén mot so kifu'tip tin khong ngiu nhign thudng c¢é trong thyc
1&; thyc ra sip bAng phudng phap chen da lgi dyng duge tha ty
hign ed trong tap tin.

Chiing han, d& y thao tic trong sip x&p bing phudng phqp
chén trén tép tin da sip. Mbi phan i s& duge xac nhan ngay vi tri
thich hgp cla né trén tip tin, va tong thoi gian thye hién thi tuyén
tinh. Tudng ty cho sip bing perdn g phap ndi bot, nhung sip bang
phuong phap chon vAn ti l&¢ N2 Mac du tap tin khong dude sip
hoan toan, nhung sp bang phudng phap chén o6 thé rat 6 ich vi
thosi gian chay phy thudc manh vio thy tu hién c6 trong tap tin.
Thui gian chay phy thude vio s3 [an hodn chuyén: vi mbi phan i,
dém s6 phan tif nAm bén trdi l6n hon né. Bé la khoang cdch ma
cAc phan ti can ddi ddi khi chén vao tap tin trong qua trinh sAp
x&p. Tap tin oo sén cac phan c6 thit ty thi it pha.l chuyén d8i hon.

Gia st ngudi ta muén thém vai phan tif vho mdt tap tin da shp
d€ tao mdt tap tin 1én hon c6 thi ty. Mdt cach d€ lam dieu nay ha
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thém cédc phan t¥ méi vao cudi tap tin sau d6 goi mdt thuat todn
shp x&p. RO rang 1 s3 lan hodn chuyén sé thip trén tip tin nay:
mot tip tin co6 mot s& khong d8i cdc phan ti chua dat dung chb sa
chi diing mot s [an hodn chuyén tuyén tinh, Mot vi dy khac la tap
tin trong 46 mdi phan tw cach vi tri cusi cing céa no (vj tri két
qua) mot khoang khdng ddi. Cac tap tin nhy viy ¢6 thé dude tao
trong cic budc khdi tao cia mdt vai thuat todn siip x&p cai tién:
theo mét quan diém nao d6 thi né cling chinh la mt dang cda sip
x&p béing phuong phap chen.

D& so sdnh thém giira cac phudng phép, nguvi ta can phan tich
chi phi clia cic phép so sdnh va hodn vi, mdt y&u t& phy thudc vao
kich thu6c cia cdc mau tin v khoa. Ching han, n&u méu tin 1a cdc
khoa luu mdt tir (word) thi mot hoan vi (hai fan truy xust mang)
s& tdn hai [an so v6i so sanh. Trong tinh huéng nay, thsi gian chay
cla sip bang phuong phap chon va phtudng phap chen o6 thé so
sanh sg luge, nhung sip bang phuong phap ndi bot thi cham hon
hai fan (thudng phuong phap nay chim hon hai fan trong moi
truong hop !). Nhung néu cic miu tin éan nhigu so sinh trén
khoa, phudng phap sép x&p chon s& t5t hon.

Tinh chit 8.5: Sip xép bling pluong phdp chon i tuyén tinh
ddi vdi cic tip tn co méu tin kich thude lon va khod Eivh thuede
nho,

Gia s chi phi cho mét fan so sinh Ia mdt don vi thdi gian va
chi phi cho mét fan hoan vi 14 M don vi thai gian (vi dy nhu truong
hop ing vdi cdc miu tin M, tir va khoa 1-ti). Luic nay, sip x&p bing
phitang phap chen can N“ [an so sinh va NM [an hodn vi & sip
mét tap tin ¢o kich thude NM. Néu N i 1& véi M, s lugng di ligu
1 tuyén tinh.

SAP XEP TAP TIN CO MAU TIN
KICH THUOC LON

Bat ky phudng phap sép x&p nio chi can N lan hoan vi toan bd
mAu tin. Didu nay cé thé thye hién duge bang cach cho thuit toan
thao tdc gidn tidp trén tap tin va sau dé 3 chie lai. Dién hinh, n&u
mang a[1..N] chida cic m&U tin s kich thude 16n, sau 46 thao tac
trén “mang con trd” p[1..N], mAang nay truy xuit mang nguyén
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thiy chi dang d€ so sanh. N&u dau tién dinh nghia pli] = i, thuat
toan trén (vh ca nhitng thuat todn sau nay) chi can sta déi thanh
a[p[i]] hon 1a ali] khi ding ali] dé so sanh, vade cap dén p hon laa
trén cac thao tic dif lidu. didu nay dua ra mot thudt toan s “sip”
mang chi myc sao cho p[1] ¥ chi myc ciia phan tif nhé nhit trén
a, p(2] la chi muyc cha phén ti nhd thd hai trén a,..., va cAn tranh
chi phi cho vide di chuyén cdc mil tin 6 kich thudc 1dn. Doan
chudng trinh sau cho thay sip x&p bing phudng phap chen duge bd
sung dé lam viéc theo cAch nay.

procedure insertion;
var ijwinteger;
begin
for i:=1 to Ndopfif=i;
fori;=2toNdo
begin v:=pfil; j:=i;
while ofp{j-1j] afvido
begin pljl=plj-1f j:=j-1
end;
plil=uv
end

end;

Trong chuong trinh nay, mang a duge truy xuit chi dé so sanh
céc khod ciia hai mau tin, Vi vy, dé sia ddi 48 xd 1y cic tap tin cé
mAn tin c6 kich thude 16n bing cach sita d8i phép so sinh dé truy
xuiit chi mdt truong tin nho cia mot méu tin 16n hay vigt doan so
sanh thanh mot thi tuc phie tap hon. Hinh 8.6 cho thay qua trinh
nay sinh ra mdt sy chuyén vi xéc dinh thi ty trong d6 cic phan tu
ciia mang o6 thé duge truy xuit dé xédc dinh mdt xAu duge SAp.
Trong nhitu ung dung, diéu nay la da (dd lidu o6 thé khong can
disi chuy®n gi ca). Ching han, ngudi ta cé thé xuit di ligu ra theo
mdt thi ty da duge sip chi bng cach tham khao gidn tigp qua
méang chi mye, ci nhu la ty né da shp 1oi.

Nhung digu gi xay ra khi di lipu thyc sy can sép lai nhu 6 cudi
hinh 8.6 ? N&u c6 di bd nhé cho mdt ban sac khic cla mang, thi
dizu nay B fam thuding, nhung trohg trudng hgp thong thutng
hon thi vin d& nhu th& nao khi khang c6 di chd cho mdt ban sao
khAc cla tap tin ?
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Before Sort
k 1 2 3 4 5 6 7 8 9 101112131415
o) [A[ERIRFIMNGI[E]
plk] 1 2 3 4 5 6 7 8 9 1011 1213 1415
Afler Sort
k 1 2 3 4 5§ 6 7 8 9 10111213 14 15
o) R[S0 RF[O M EE X (£ M B L]
Plk} 111 915 8 61412 7 313 4 2 5010
Alier Permule
k 1 2 3 4 5 6 7 8 9 101112131415
ot} [A)E)EEG) [T L) M[N] BEEDX
plk} pir® o8 of §1 8T8 158 0213 M

Hinh 8.6 T6 chux lai mét mang “da duge sip”

Trong vi dy, A dau tién dugc dat vao vi tri thich hgp véi
p[11=1 vi th& khong can phai lam gi ca. Viec dau tién can lam la
dat méu tin cung vdi khoa nhd nhat k& ti&p (c6 chi muc p[2]) vao
vi tri thu hai trén tap tin. Nhung trude khi lam diéu nay, can cat
mau trong vij tri 6, g01 1a t. Rbi sau khi ddi chuyén, chiing ta nhan
ra la c6 mot “16 hong (hole) trong tap tin & vi tri pl2]. Nhlmg
chiing ta biét la mau tin & vi tri p[p[2]] can ldp “16 héng” nay.
Béng cach nay, chiing ta di dén quan diém la can lvu git phan ti
nguyén thiy & vi tri thi hai. Diéu nay din dén mot s6 cic phép
gan trong vi du ching ta dang xem xét: t:=a[2]; a[2]:=a[11];
a[11]:=a[13]; a[13]:=a[2]; a[2]:=t. Cac phép gan nay dat cdc miu
tin c6 khoa A,P va S vao vi tri thich hgp trong tap tin ma né c6 thé
dugc danh diu do p[2]=2, p[11]=11 va p[13]=13 (bit ky phan ti

procedure insitu;
var i,j,k,t: integer;
begin
fori:=1 to N doif p/i/<>i then
begin
t=alif; k:=i;
repeat j:=k; ajl:=alp[j]; k:=pljl; plil:=J;
until k=i;
aljl:=t
end;

end;
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nao o6 plil=i 1a nim ding chd va khdng can dung trd lai). Qua
trinh 6 thé ti#p tyc cho phan t& k& tifp chua dat ding vi tri,... va
viec lam nay cudi cing sé t8 chic lai toan bd tap tin, chi ¢an di
chuyén mdi mdu tin mdt [An nhu trong doan chuong trinh trén
day.

Sy tdn tai cia ky thuat nay cho cic chuong trinh ting dung cta
tai litu nay phu thude vio kich thude tuong déi clha cdc miu tin va
kho4 trong tap tin can sép Chéc chén ngudi ta sé khong ap dung
cac ki thujt phife tap nay cho tip tin o6 kich thude nhd, vi can
nhidu ché trt’.'mg Iutu trit cho mang chi myc va thai gian cho cic so
sdnh gidn tigp. Nhung d8i vdi cic tap tin ¢6 nhidu miu tin c6 kich
. thuée 1dn, hau hét déu can st dyng sép gian ti€p, va trong nhigu

chuong trinh @ng dung khéng can thiét di chuyén da litu gi ca. Di
nhién, d5i véi cdc tap tin o6 mau tin kich thude n, can st dung
s&p x&p bing phuong phap chen nhu da trinh bay & trén,

Vi tinh kha dung cua cach ti€p can gian ti€p nay, trong chuong
nay va cic chuong sau chiing ta di dén k&t ludn la c6 kha nang ing
dung cic phudng phap sAp x&p cho céc trutng hgp téng quat hon
sau khi so sAnh cic phuong phdp sdp xep cac tip tin chita s8
nguyén.

SAP XEP BANG PHUONG PHAP
SHELLSORT

Sip x&p bing phuong phap chén khd cham vi né chi hodn v cac
phé'm ti k& nhau. Vi dy, n&u phan t nhd nhét nim & cudi mang,
can thyc hién N [an dé dén vi tri cudi cling cta nd. Shellsort la mo
rong don gian cia sAp x&p bang phuong phép chen, phuong phap
nay dat duge tdc dd biing cich hodn vj gifta cic phan tif & xa nhau.

Y tudng la sAp x&p lai tap tin d& cho né c6 tinh chat la viee lay
mgoi phan ¥ thy h (bit dau bat k¥ vi tri ndo) cing déu cho ra mot
tap tin da sip. Mbt tap tin nhu viy duge goi la sép theo dd dai bude
h. Néi mjt cich khac, mit thp tin duge sip theo do dai budc hla h
tap tin duge sép doe lap, dan xen véi nhau. Bing cich sip x&p theo
dd dai bude h dng vii vai gid tri h kha 16n, ching ta c6 thé dj
chuyén cac phéiin t 3 nhing khoing cich xa trong mang va vi vay
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dé dang hon dé sip x&p d9 dai budc h cho cic gid trj h nhé hon.
Dung thi tuc nay cho bat ky mdt day cac gia tri cia h tan cung la
1 sé cho ra mét tap tin da sip xong: day la Shellsort.

Hinh 8.7 cho thdy thao tic cla Shellsort trén tap tin vi du ¥ng
vGi cac bude 13, 4, 1. Trong [an lap dau tién, A & vj tri 1 duge so
séanh véi L 6 vi tri 14, sau d6 S & vi tri 2 duge so sanh (va hoan vij)
v6i E 6 vj tri 15. Trong [an lap thi hai, AT E P & vi tri 1,5,9 va 13
dugc sip x&p lai 46 dat A E P T vio céc vj tri-dé, va tuong ty cho
cdc vj tri 2,6,10 va 14,... Lan lap cudi chi la sip bing chen, nhung
khong c6 phan ti nao phai di chuyén rit xa.

Mbt cach dé cai dat Shellsort 13, dng véi mdi gia tri h, sit dung
chen tryc ti€p mot ciach doc lap trén tirng tap tin trong s8 h tap
tin con (Phan ti cAm canh s& khdng duge ding vi dé6 sé phai 1a h

BlHHIINEEEMHEE
= (] 000ofjo0deo

1] o]

| ESSN | P

CEHHUO0000]o000f
BENHIONGEaMFE
2O0HHEER0Re0d00
DEEHOOEO00Yogdl0
e E R ERERERIIE
n0eEo00NI00RONT
DERPEONMEEEFHE
DE@DDUHWE@EEEEE

Hinh 8.7 Shellsorz
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program sheilsort;
label O;

var i,j,h,v: integer;
begin
hesl;
repeat A:=3*h + 1 until A>N;
repeai
h:=h div 3;
fori:=h+1toNdo
begin v: =afi}; j.=i;
while &/j-A] > v do
begin afjl:=afj-h}; j:=j-h;
if j<=h then gotc O
end;
O afjf:=v
end .
until A=1;
end;

i s o
st
s e
e
 ——

Hinh 8.8 Sdp theo Shellsort mit .chuyé‘n vi ngdu nhién
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ung véi gid tri 16n nhat h duge ding). Nhung d& hon nhizu la: néu
chung ta thay thé moi sy xuit hign cia “1” bang “h” (“2” bang
“h+17) trong sip x&p bling chen, thi chudng trinh sép x&p tap tin
theo d 4i bude h 88 nhy trang trude:

Chuong trinh nay sit dung day tang ..., 1093, 364, 121, 40, 13,
4, 1. Cac day tang khéc ciing c6 thé sit dyng trong thyc t& nhung
phai cAn nhdc. Hinh 8.8 cho thdy chucng trinh thao tdc trén mot
chuyén vj ngiu nhién bing cich hién thj toan bd noi dung cia
mang a sau mdi lan sip theo do dai h.

Day tang trong chuong trink nay d& st dyng va dan dén shp
x&p hidu qua. Nhidu day ting khac dén dén viee sép x8p hidu qua
hon nda (cdc doc gia hiy hing chi kham pha ra mot diy ting cla
h dé sip di !) nhung khé long dich n8i chudng trinh trén khodng
hon 20% ngay ca khi N tudng dgi 16n (Tuy nhién, kha nang tén tai
cac diy ting tt hon nhiéu 1a hoan toan hign thyc). Mt khic cing
c0 vai day thng rét €6i. Shellsort doi khi duge cii dit bing cach bt
d4u v6i h=N (thay vi phai ding day tang trén). Disu nay dam bao
la s& san sinh ra mot day con €di ing vdi mot gid tri N nao d6.

Mb tA trén v& dd hidu qua cia Shellsort 14 khong chinh xdc bdi
vi khdng c6 ai 6 thé phan tich thuit todn. Dleu nay din dén khé
khan khong nhiing khi danh gid cdc day tang khac nhau ma con
khi so sdnh Shellsort vdi cic phuong phap khde vé mat gidi tich,
Tham chi dang ham cla thui gian chay ca thai gian chay cho
Shellsort cling khong bigt duge (Hon the nia, dang ham phy thubde
vao day tang). Doi véi chudng trinh trén, phdng ching 1a N(logN)2
va N125, Thoi gian chay khong bi nh hudng bdi thi tu ban dau
cla tap tin, nhung ngugc lai sip x&p bang chéen tryc tiep lai tuydn
tinh vdi tap tin sip shn nhung ti 16 N véi tap tin sép nguge. Hinh
8.9 trang sau minh hoa thao tic cia Shellsort trén moit tap tin
theo tha ty nguge,

Tinh chat 8.6: Shelisort khbng bao gis thire hién hon N¥2 so
sanh (d8i vdi day tang 1,4,13,40,121, ...)

Phan ching minh cho tinh ch4t niy ndm ngodi pham vi cudn
sdch nay, nhung déc gia nén khong chi dong tinh véi do phite tap
clia né ma cdn phai tin rang thyc & Shellsort s& chay t5t bang
cach thit tao mét tap tin ma Shellsort chay cham di. Nhv da néi o
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Hinh 8.9 Sdp theo Shellsort mot chuyén vi thit-tu-nguioe

trén, co vai day tang khdng hidu qua ma Shellsort cAin mdt s6 binh
phuong fan so sanh, nhung gigi han N32 da duge ching minh la
ding d6i v6i modt pham vi rdng cic day, gom ca day da dung ¢
trén.

Hinh 8.10 cho thdy hinh anh cta thao tac trong Shellsort, c6
thé dugce so sanh véi cac hinh 8.3, 8.4, 8.5. N6 cho thiy noi dung
ctia mang sau mdi [an sdp (trit [an cudi cung hoan thanh viéc sap
x&p). Trong hinh vé nay chiing ta cé thé hinh dung ra mot dai cao
su bj don cuc lai & cac diém trai dai & goc dudi trai va trén phai, bi
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Hinh 8.10 Sap theo Shellsort mét chuyén vi ngéu nhién
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kéo cang hon dé ddy tat ca cac di€m hudng vé phia duing chéo. Ba
hinh 8.3, 84 va 8.5 mdi db hinh bifu didn mot khai lugng cong
viee ding ké cia tirng thuat todn da trinh bay, nguge lai mbi do
hinh trong hinh 8.10 biéu dién chi mét fan sip xé&p theo 49 dai h,

Shellsort 12 phuong phap duge chon cho nhigu ung dung sip
x&p bai vi n6 c6 thai gian chay c6 thé chip nhan duge ngay ca dai
voi tAp tin o6 kich thudc 16n vita phai (it hon 5000 phan ti) va n6
doi hoi chi mot ugng ma chuong trinh it nhé d& hoat dong,
Ching ta xem xét cdc phuong phap higu qua hon nita trong vai
chudng k& nhung c6 1& chi nhanh hon hai lan ngoai trit N ldn, va
ching phic tap hon dang k&. Tém lai, néu ban o6 mdt bai tosn sap
x&p, thi hay diing chuong trinh trén, sau dé xac dinh xem khi nao
vigc b6 odng stic ra d€ thay né bing mot phuong phép tinh vi hon
la dang d& tam.

DEM PHAN PHOI (Distribution Counting)

C6 mdt thuat todn shp x8p don gidn cho mot trudng hop rdt dac
biét nhu sau: “sip x&p mdt tap tin o6 N mhu tin ma cac khod ctia
chiing la cAc 6 nguyén phan bist giga 1 va N”. Bai to4n nay c¢6 thé
giai quyst duge biing cach diing mot mang tam t véi lenh

for i:=1 to N do t[ali]]: =ali]
(hay, nhu ta da thiy & trén, o6 the giai bai toan nay, mac du phic
tap hon, ma khong can mot mang phy tryg).

Mot bai todn thuc t€ hon nda la “sip x&p mot tap tin o6 N
mau tin, mot thuat toan duge goi la dém phan phdi ding dé giii
quy&t bai todn nay. Y tudng 1 dém s8 khoa Ung véi tirg gid trj va
sau dé dung céc bien d€m nay dé chuyén méu tin vao vi tri trén
tap tin trong budc lap thi hai nhy trong doan chudng trinh sau:
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Hinh 8.11 Dém phén phéi
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for j: =0 to M-I do countfj}:=0;
for i;=1 to N do countfafi}}: =count{afiJj+ 1;
for j:=1 to M-1 do countlj}: =count{j-1]+count(j}:
for i: =N downto ! do
begin  b/countiafi}}}: =afi]
countfafill: =countfafij}-1
end;

for i:=] to N do afi - =bfi]:

B#é thay doan chuong trinh nay hoat ddng nhu th& nao, xét tap
tin vi dy gom cdc s8 nguyén & hang dau tién trong hinh 8.11. Vong
18p for dau tién khdi dong cac bign d&m bing 0, vong lap that hai
khdi ddng cic bien dém count[1]=6, count[2]=4, count[3]=1 va
count[4)=4 bdi vi c6 6 phan ti A, 4 phan td B, ... K& tiép vong Iap
for thi ba chng cic con s8 nay lai vdi nhau & cho count{1}=6,
count[2]=10, count[3]=11 va count[4]=15. Cé 6 khod nhd hon
hay bang A, 10 khod nhd hon hay bing B, ...

Bay gid, cic khoa nay c6 thé ding nhu dja chi 48 sip x&p mang
nhu da minh hoa trong hinh vé. Mang nhap a nguyen thiy duge
chi ra & dong dau; phan cbn lai cla hinh cho thiy méng tam t dang
duge 46 day. Vi du nhu khi A & cudi tap tin duge phat hien, né
dugc dat vao vj tri 6 vi 1a count[1] néi 1en 12 06 6 khod nhé hon hay
bang A. Sau 46 D tit vj tri k& d&n vj tri cudi cing trong tap tin
duge dat vao v tri 14 v count[4] bj gidm di,... Vong lap trong di
tit N xudng 1 d& cho viéc sip x&p 1a 6n dinh.

Phuong phép nay sé lam viec réit 5t d6i voi kifu tap tin da
dude tuyén chon. Hon nifa, né c6 thé md rong duge d8 cho ra mét
phuong phdp manh hon nhitu ma ching ta s& xem xét trong
chuang 10.
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BAI TAP

5.

6.

7.

8,

9,

. Hay cho mdt day céce thao tic “so sidnh-hodn vi” @€ sfp x&p bdn

mau tin.

. Trong ba phudng phap sép x&p cd ban (phuong phap chon,

phudng phip chén va phuong phap néi bot) thi phuang phap
nao chay nhanh nhat d&i véi mot tap tin da dugce sép roi ?

. Trong ba phuong phép sp x&p oo ban thi phudng phdp nio l1a

nhanh nhét d6i véi mdt tap tin c6 thi t¢ ddo nguge ?

. Hay kiém ching gia thi&t phuong phdp chon la phuong phép

nhanh nhit trong ba phuong phédp cd ban (48 sip x&p cac s8
nguyén), sau 46 toi sAp x8p chen, va cudi cing Ia shp x&p ndi
bot.

Hay dua ra mdt 1y do hgp Iy tai sao khong thuin tién khi ding
mdt khod cam canh cho phuong phap sdp x&p chén (trit phudng
phép phit sinh tir cai dat cua Shellsort) ?

C6 bao nhigu phép so sanh dugce diing bdi Shellsort vdi sip-7, roi
sip-3cickhoa EASYQUESTION?

Hay cho mdt vi dy 8 minh hoa tai sao 8, 4, 2, 1 sé khong la mot
cach t3t 4& k&t thic mdt day tang clia Shellsort ?

Phudng phap sip x& chon c6 dn dinh khdng ? Con d5i véi sip
x&p chén va s&p x&p ndi bot thi thé nao ?

Hay cho mat phién ban duge chuy2n biét hoa cia d€m phan phdi
dé sAp céc tap tin ma cdc phan ti chi €6 mét trong hai gia trj
(hofic x hoac y) ?

10. Hﬁy thd nghigm vdi cic day tang khie nhau cho Shellsort: tim

mdt diy ma ndé chay nhanh hon day duge cho bdi mot tap tin
ngiu nhién gom 1000 phan tu,



9
QUICK SORT

Trong chudng nay, ching ta sé nghi2n ctu thudt todn sp xep
co & ding rong rii hon bat k¥ thuat todn nao khac, Quicksort 1a
thuat todn cg ban duge AR. Hoare phat minh vioe 1960 va nhieu
ngui da nghién ciu né tir thai gian nay. Quicksort la phuong phap
phd bign vi khong khé cai dat. N6 la phuong phép sip xép “hudng
t6ng quat” t6t (né lam viéc t3t trong céc tinh hudng khic nhau) va
trong nhigu trudng hgp né st dung it tai nguydn hon bit ky
phudng phap sip x&p khace.

Céc wu di€m cla thut toin Quicksort 14 chi sif dung mdt ngan
x8p phu nhd, chi can khodng trung binh NlogN thao tac 48 sip N
phan ti¥, va 06 mdt vdng Iap trong rit ngén. Yéu difn cia né I
tinh d¢ qui, né can khoang N2 thao tie trong truting hgp x&u nhat
va mit 15i don gidn trong cii dt c6 thé bj bd qua va o6 thé gay snh
hudng xgu cho vai tap tin.

Thuft todn Quicksort duge danh gis t3t, nhés vao sy phan tich
todn hoc va cic khing dinh rit chinh x4c vé tinh nfing cia né. Sy
phan tich todn hoc 44 duge ki€m chitng qua thyc nghiém, va thuat
toan 44 dugc cai tién dé trd thanh phuong phap chon lgc trong cac
Ung dyng sip xép thyc t& khac nhau. Diu nay rét dang 48 cho
ching ta quan sdt thém cdc thuat todn khac ky ludng hon dya vao
céch chi dit cia Quicksort. Céc ky thuat cai dat tuang ty it thich
hgp vdi cac thuit todn khic, vdi Quick sort ching ta cd thé yen
tam sit dyung cic ky thuit nay vi qué trinh thyc higén cia né duge
danh gia rdt tot. _

Nguti ta da thit dya vao cc céich cai tin Quicksort: mot thuat
todn sip nhanh hon 14 “bdy chudt” (mousetrap). Ti hic Hoare fan
dau-tien dua ra thuat tosn, cic phién ban “cii tién” dan xudt hién.
Ngutsi ta da thi va phan tich nhizu tu tuéng, nhung dé bj lita vi
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thut todn cAn bang d&n ndi cdc hidu qua cii ti&n trong mdt phan
cua chuong trinh c6 thé bt d4p lai biing hau qua ciia viée thyc hién
khéng tat trong phan khac cla chuong trinh. Ching ta s& xem xét
chi ti&t vé ba dieu hidu chinh ¢ cai ti&n Quicksort.

Mbt phién ban dugc hitu chinh k§ luéng ciia Quicksort oo 18
chay nhanh hon bit k¥ phuong phéap sip x&p nao trén hau hét cic
mady tinh. Tuy nhién nén d& phong 1a viéc hiéu chinh bit ki thuat
todn ndo c6 thé gay ra nhitng k&t qua ngoai ¥ mudn, boi vi khi mot
fin ban duge phat trién thi o6 thé day la chudng trinh diing cho thu
vién céc chuong trinh tign ich d8 sfp hay cho cic Ung dung sip
x&p quan trong. Nhung mit khéc néu khéng cb ai dam bd chng ra
d€ dam bao chéc la chi dat cla Quick khong c6 khuyét didm, thi
Shellsort c6 thé I cach chon lya an toain hon it phai t6n chng cai
dat.

THUAT TOAN cO s&

Quicksort thudc logi phudng phap “chia dé tri” (divide and
conquer). N6 thyc hign bang cich phan hoach mét tap tin thanh
hat phan, sau d6 sdp x&p cac phan rieng bizt nhau. Nhu chiing ta
da bidt, v tri chinh x4c ciia cdc phan dugc phan hoach phu thude
vao tap tin, vi the thuat todn o6 ciu tnic dé qui nhu sau:

procedure guicksort(lrinteger);
var iinteger;
begin
if rl then
begin
ir=partition(l,r);
quicksort(li-1);
quicksort(i+1,rk;
end
end;

Tham s& 1 va r khéng gidi han cdc tap tin con trong tap tin goe
cAn s&p; nh goi quicksort (1,N) sép toan bd tap tin.

Yé&u diém chinh cia phudng phap nay la thi tue partition, t8
chifc lai mang thoa ba dieu kién sau:
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(i) phan tu alil dat & vj tri cudi cung cla né trong mang véi i nao
daé6. .

(i) t4t cA cac phan t trong afl}, ... , ali-1] nhd hon hay bang a[il

(iii) tat ca cac phan ti trong ali+ 1], ... alr] 16n hon hay bang al[i]

Didu nay ¢b thé duge chi dat don gidn v d& dang qua thuat
todn tdng quét sau. PAu tién chon tiy ¥ a{r} 1a phan ti s& rdi vao
vj tri dat cudi ciing cia né. K& tidp, quét tir trai cia mang cho d&n
khi gap mdt phan ti 16n hon alrl, va quét tir dau phai cho d&n khi
gip mot phan ti nhd hon a[r], Hai phan t¥ dung viee quét di
nhign khdéng ding vi trf trong mang duge phan hoach cudi ciing
nén phai hodn vi chung (thyc ra tdt nhit nén nging viéc quét dai
v6i nhiing phan tir bang afr], du la o6 thé di viio mot s hodn vi
khong can thi&t). Tigp theo béo dam la tat cA cic phan t& trén
mang & bén trdi con tro trai nho hon alr] v cac phan td & ben phai
ciia con tro phai Ién hon afr]. Khi céc con trd giao nhau, qua trinh
phan hoach gan nhu hoan tit, cdn lai 1a hodn v alr] v&i phan ti
trai nhit cla tap tin con ben phai (phan ti do.con trod trai tro dén).

Hinh 9.1 cho thay vi dy vé tap tin c6 cac khéa duge phan
hoach biing phuong phap nay. Phan td phai nhét 13 E duge chon
nhu 12 phan tit 48 phan hoach. Dau tién vige quét tir phia tréi sé
dirng ¢ S, két d6 viec quét tit phia phai ditng & A (nhu 84 trinh bay
& dong thi hai cia bang}, ké tiép hai phan ti dude hoan vi cho
nhau. Tiép dén vide quét ti phia trai s& ditng d O, tit phia phai
dimg ¢ E {(dong thit ba cua bang) va lai hodn vi hai phan ti nay.
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Hinh 9.2 Phdin hogch mét tip tin lom

Rbi k& ti€p la cAc con tro giao nhau. Vigc quét tir phia trai sé
nging & R va vigc quét tir phia phai s8 ngitng 8 E. Hoan vi E & phia
phai véi R, tap tin duge phan chia con lai & dong cudi cia hinh 9.1.

Di nhién qua trinh phin chia khong én dinh vi khéa dugce dich
chuyén qua mét s8 lén céc khéa gidng né trong bt k¥ hodn vi nio.

Hinh 9.2 cho thiy két qua cia mot tap tin 1dn hon: o6 cac phan
t nhé & bén trdi va 1én & ban phai, tap tin duge chia ¢6 “thd ty”
ding k& hon tap tin nghu nhign. K&t thdc sip x&p bng cach sip
hai t4p tin con & mbi phia clia thuat todn phan hoach nhd vao ding
d2 qui. Chuong trinh sau dua ra mdt ban chi dat day &G cia
phuong phap nay. .

pmeadure quicksort(l,r: mbeger)
var U,t tj:integer;

if r>I then
begin v:=afr} i: =§-1;j:=r;
repeat
repeat i:=i+ 1 until afi}=v;
repeat j:=i-1 until afji< =v;
t=afil-ofil=alj} aljl:=t;
until j<i;
aljl:=afilafil=afr}; afr] =t;
quicksort(li-1); quicksort(i+1,r}
end .

end;

Trong cii djt nay, bign v heu git vi tri hign hanh cla “phan t&
phan hoach” afy] va i, j Ia cdc con tré quét phia trai va phdi cia
méng, Hoén vi gita afi] va alj] xay ra véi j<i ngay sau khi cic con
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tro giao nhau nhung trudc khi phit hign sy giao nhau va thoét
khoi vbng liip repeat bén ngoai. Ba lenh gan theo sau vong Fp nay
d8 cii dat hoan vi alil véi alj] va ali] vdi alr] (4 dat phan td phan
hoach vao dung vj tri)

Gifng nhu sép x&p chén, cin mdt khéa Am canh dé ngung
vidc quét trong trudng hgp phan ti phan hoach Ia phan ti 16n
nhéit trong tap tin, vi chinh phan td phan hoach & phia phai cia
tap tin dung d& nging viéc quét. Ching ta sé khao sat nhanh mot
cach thic d2 loai trif hai phan t linh canh.

“Vong lap trong” cia Quicksort lién quan dén viée tang don
gidn mdt con troé va so sanh mot phan tf mang dya vio gid trj o
dinh. Chinh di2u nay lam cho Quicksort thyc hién nhanh: that khé
mé nghi ra mét vong lap trong don gidn hon. Loi didm cia phan th
linh canh ctling nén duge chii ¥ & day, vi chi thém mot phép kidm
tra cho vong lap trong nén nd s8 cb hidu qua trong qué trinh thyc
hién.

(i thi hai tap tin con da duge sip d2 qui, vh hoan tit viec sip
x&p. Hinh 9.3 di timg budc qua cic knh goi d2 qui nay. Mbi dong
md ta k&t qua phan hoach cac tap tin con si dung phan ti phan
hoach (phan td dam trén hinh). Néu kiém tra ban dau trong
chuong trinh 1a r>=] thay vi r>>1 thi moi phan ti s& duge dit vao
chd st dung nhu phan ti phan hoach, nhu da trinh bay trong hinh
9.3. Téng quat héa cai ti¥n nhy dude trinh bay chi tiét dudi day.

Yéu diém clia chuong trinh trén 1a n6é khong hiéu qua trén cic
tap tin don gian. Chéng han nhu chudng trinh thyc hién trés tap
tin da duge sip, cic phan hoach khéng phat sinh va chuong trinh
ty né s& goi N [an, va chi giai quyst mot phan ti trong méi fan goi.
Dieu nay o6 nghia la khéng chi doi hoi thii gian khoang N2/2 ma
cbn doi hoi bd nhé d8 xi 1y 42 qui khodng N. Tuy nhién cing o6
. nhigu cach tuong d6i d& 4€ dam bao 14 truding hop xfu nhit khong

xAy ra trong cic (ng dung thuc t&.

Khi c6 cac khoa gifing nhau trén tap tin, o6 hai vin d& xay ra.
Van dé& thd nhit duge dat ra |a d& ca hai con tré ngitng khi gip cic
khéa trung véi phan tit phan hoach, hojic ¢6 mét con trd nging va
con trd kia quét tip, hotic 12 ca hai con trd quét ti€p. Van dé nay
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thyc sy da duge nghién citu chi tist bang toan hoc, va k&t qua cho
thdy t5t nhat 1a nén cho ca hai con trd ding lai. Pigu nay hudng toi
vigc cAn bang cdc phan hoach khi xuft hién nhieu khéa trung
nhau. Thi hai, véin dé dat ra la xit 1y thich hgp con trd giao nhau
khi c6 nhidu khéa tring: thyc ra chuong trinh & trén c6 thé cai
tién so bo bing cach két thic vige quét khi J<i va sau d6 dung
quicksort(l, j) cho [an goi dé qui dau tién. Day 1a mot cai tién vi khi
J=i ching ta c6 thé dat hai phan ti vao vi tri theo phan hoach
béing céch d& vong lap lap thém mot [an nda (trudng hgp nay xay
ra nhu d3i véi R va E trong vi dy trén). Cé 16 nén tao sy thay ddi
nhu thé nay vi chuong trinh da néu dé lai modt mAu tin c6 khoéa
bang véi khéa phan hoach a[r], va dieu niy lam cho phép phan
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hoach dau tién trong Jenh goi quicksort (i+1,1) bi thodi héd bdi vi
khéa phéi nhit ciia phan hoach la khéa nhé nhat.

Cai dat cda phép phan hoach da néu d& hidu hon mét it; tuy
nhign ¢6 thé thay ddi cai dat nay khi o6 mdt s5 lugng 16n khéa
trung nhau. .

DAC TRUNG VE HIEU QUA CUA QUICKSORT

Digu tdt nhat c6 thé xay ra trong Quicksort la méi giai doan phan
hoach phén chia tap tin thanh hai nita. Digu nay khign cho s& lan
so sanh cAn thigt cho Quicksort thda man cdng thic truy hoi “chia
4€ tri” sau day

(dai lugng 2Cy o la phi tdn cla viec sAp x&p hai tap tin con; N
la phi t8n cta viec kiém tra mbi phan tit, dang mot con trd phan
hoach hay con tré khic). Tir chuang 6, ching ta da bigt cong thic
nay cb 14 gidi a

Cy # NIgN

Thyc ra v& mat trung binh vidc phan hoach roi vao phan t
gita. Sy danh gid x4c sult chinh x4c clia mbi vj tri phan hoach 1am
cho cong thie truy hoi khé giai hon nhung k&t qua cusi cliing vén
gidng nhau.

TINH CHAT 9.1: Ve mit trung binh, Quicksort chi cén
2NInN so sinh,

Cong thic tinh truy hoi chinh xdc 48 tinh & Ian so sanh ma
Quicksort cAn d€ hodn vi ngfu nhign N phan t Ia:

CN=N+1+i E(Ck—1+CN—k)

N 1gkgN

véi N>=2 va Cg=C,=1.

Gia trj N+1 bao ham chi phi so sanh phan tit phan hoach véi
mdi phin ti¥ cdn lai, tdng odn lai mang ¥ nghia la méi phan ti k c6
th& la phan tir phan hoach v6i xdc suft 1/k vi sau d6 cdn lai chc tap
tin kich thude k-1 va N-k
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Mac dit dudng nhu qua phuc tap, nhung cdng thic truy hdi
nay c6 thé gidi dé dang theo ba bude. Dau tidn,
Cy+C+ .. +Cyq thiyhét nhu Cyy { +Cy g+ ... +Cy

vivaytacd:

1sksN '

Thit hai, chiing ta c6 thé gidn luge tdng nay bang cdch nhan ci
hai v& clia n6 véi N va trit di (N-1)Cy ; :

NCy - (N-1)Cy ; = NON+1) - (N-DN + 2Cy |

Gian luge ti€p ta duge: NCy = (N+ I)CN 1+ 2N
Th ba, chia ca hai v& cho N(N+1) d& o6 :

C Cy Cy_ 2
N=N_1+2=N2+z_+2=l=9+2_
N+l N N+1 N-1 N N+i1 3 3cuchi™?
Ddp s8 chinh xdc gan bang véi tdng 8 xAp xi bdi mdt tich phan
. N
g2y 1#2_[ 1 ax = 21N .
N+1 1gkgNk I ox

Chi y 1a 2NInN # 1.38NIgN cho nen s6 [an so sdnh trung binh
chi cao hon khoang 38% trong truong hgp t6t nhit.

Vi vy, cai dat & trén thye hign rat tat ddi vdi cac tap tin ngiu
nhién nén la phuong pbap sip x8p tdng quat hop 1y trong nhidu
chuong trinh jing dung. Tuy nhién, néu st dung phudng phap sip
xé'p nhidu Jan, hay ding né d¢ sip céc tap tin kich thude lon, thi
vai cal tigén duge ndu dudi day sé lam cho trudng hgp xau sé it xdy

ra, giam thdi gian chay trung binh xudng khoang 20% va khdng
cAn dung khéa linh canh.

KHU DE QUI

Gidng nhu trong chuong 5, Ching ta c¢6 thé khi de qui trong
chuong trinh Quicksort bing cach ding mdt ngan x&p, lic nio can
mot tap tin con d€ xit 1y, chung ta lai 14y ra khéi ngan x&p. Khi
phi'n hoach, ching ta tao hai tap tin con c6 th& duge ddy vao trong
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ngan x&p. Didu ndy din d&n mbdt chi dat khong dé qui cla
Quicksort.

procedure quicksort;
var tilrinteger; .
begin I:=1; r:=N; stackinit:
pushfll; push{r);
repeat
if r>1 then
begin
i =partition(l,r);
if (-1)>(r-i)
then begin push(l); push(i-1); I:=i+ 1; end
else begin push(i+1); push(r): r:=i-1; end;
end
else
begin r: =pop; I:=pop end;
until stackempty; -

end;

Chuong trinh nay khac mé ta trén & hai chd quan trong, Thi
nhat, hai tap tin con khéng dat trén ngan x&p theo the ty tiy ¥,
nhung kich thudc cia ching s& duge kifm tra va tap tin nao o6
kich thudc lén hon s8 duge dat vao trong ngan x&p trude. Tha hai
1a tap tin ndo o6 kich thuéc nhd hdn trong hai tap tin con khong
duge dat vao ngin x8p; gia tri cla cdc tham s§ duge khdi dgng lai.
Pay chinh la kj thuat “khd d¢ qui phan cusi” da duge thao luan
trong chuong 5. DGi véi Quicksort su t8§ hgp giita ky thuat khi da
qui ndy va od ché x Iy tap tin o6 kich thude nhé hon bao dam la
ngin x€p chi cn chd tréng cho khoang IgN dau vao, bdi vi mdi dau
vao trén ngin x&p sau d4u vho trén ciing phai dai dign cho mét tap
tin con c6 kich thude nhé han mdt nita so véi dau vao phia trude.

Trong trutng hgp xfu nhat, ditu nay lai nguge lai véi kich
thuée cia ngan x8p trong cic cai dat bang 8 qui o6 thé 16n bing
N (chdng han khi tap tin da duge sip). Dieu nay rit khé d6i vdi cai
dat bang d@ qui cia Quicksort: ludn ludn £n tai mét ngan xép
nam dudi, trudng hop tap tin kich thudc }on c6 the 1am cho chuong
trinh chdm dift khéng binh thubng vi thigu bd nhd, tinh trang nay
di nhién khéng duge cho phép d8i véi mot chuong trinh sfp x&p
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trong thu viéen. Dudi day ching ta sé xem xét cAch tao ra cac
tmang hop suy thoai nhung muén né tranh vin dé nay trong mét
cai dat d@ qui rat khé néu khong diung ki thuat khit dé qui.(Ngay
ca chuyén 46i thit ty xi Iy cla céc tAp tin con cing khong gidp
dugc gi han.)

St dung thd sd mdt ngn x&p trong chuing trinh d trén din
d&n mot chudng trinh higu qua hon cai dat de qui tryc tidp. Van da
la n&u ca hai tap tin con chi ¢6 modt phan ti, mdt dau vao vdir =1
dat trén mghn x&p s duge 14y ra va hiy ngay. Vay phdi thay d6i
chuong trinh d8 cho khéng c6 nhitng tap tin nhy vay trén ngan
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Hinh 8.5 So db cdy ciia qua trinh phin hoach trong Quicksort.

x&p. Thay ddi nay hidu qua hon khi c6 mdt cai tién k& tisp duge
trinh bay dudi day, né lién quan dén viée ld di nhing tap tin con c6
kich thudc nhd. )

Di nhién phuong phap khong dé qui xi ly nhing dang tap tin
con gidng nhu phudng phap e dé qui véi bét ki tap tin nio, né chi
thyc hign cac tap tin con nay theo thit ty¢ khic nhau. Hinh 9.4 cho
thiy céc phan hoach ding trong vi dy dang xét: ba phan hoach dau
tién thi gidng nhau, nhung phudng phap khong dé qui phan hoach
tap tin con bén phai cia R trudc tién vi né nhd hon tap tin con bén
trai, v.v...

N&u chiing ta ndi k&t méi phan t& phan hoach véi phan ti
phan hoach diing trong hai tap tin con, ching ta s& 6 bidu dién
tinh clia qua trinh phan hoach trong hinh 9.5. Trong cay nhj phan
ny, mbi tap tin con dude bidu didn bling phan ti¥ phan hoach cha
n6 (hay chinh né néu chi c6 mdt phan i trong tap tin) va céc
nhan cla méi nit la cly biéu dién tap tin con sau khi phan hoach.
Céc nut ngodi (hinh vudng) trong cay bidu didn cic tap tin con
rong. (R6 hon 1a A thd 2, 1, P va T 6 hai tap tin con rong). Cai dat
dé qui cia Quicksort twong ung véi vige vidng cdc nit cla cay nay
theo phuong phép tién thd ty (preorder), cai dat khang dé qui
tudng ung voi qui luat “trude tién tham cay con 6 kich thude nhod
hon”. Trong chuong 14 ching ta s& tim hiéu cich ma cay nay tao
nén mot quan hé tryc ti€p gida Quicksort v mét phuong phap tim
ki€m cod ban.
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CAC TAP TIN CON CO KiCH THUGC NHO

Cai tién thi hai cla Quicksort xuit phat tit nhan djnh la mot
chuong trinh d& qui goi chinh né trén nhidu tap tin con c6 kich
thude nho vi vy nén ding modt phuong phap cang hay cang t6t khi
gip cAc tap tin con c6 kich thudc nhd. Hién nhién la thay d8i viec
kiém tra & dau chuong trinh d2 qui tir “if r>1" thanh lénh goi mot
chuong trinh sip x&p bing chen; d6 la “if r-l<=M then insertion
(l,r)”. M & day la tham s8 ma gia trj chinh xdc ctia né phuy thupe
vao cai dat gia tri chon cho M khong can phai t6t nhat: thuat toan
thyc hién gidng nhau d6i v6i M trong khoang tit 5 dén 25. Thai
gian chay rit ngin 20% doi véi da s céc chuong trinh ing dung.
Mbt cach dé dang dé xi ly cac tap tin con c6 kich thude nhod
sao cho higu qua hon la chi thay d8i vigc kiém tra & dau thanh “if
r-1>M then”, d6 la lo di nhitng tap tin c6 kich thudc nho trong
sudt qua trinh phan hoach. Trong cai dat khong dé qui, hay dat bat
ky tap tin nao nhé hon M vao ngan x&p. Sau khi phan hoach, con
lai mot tap tin hau nhu duge sip. Nhu da de cip trong chuong
truéc day, sip bang phuong phap chen la phuong phap duge chon
cho nhing tap tin nhu viy, nghia la phuong phap nay thyc hién
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Hinh 9.6 Quicksort (cai dat dé qui M = 12)
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51 v6i tap tin nhy the t8t nhu d5i véi tap hdp cdc tap tin c6 kich
thude nhé. Phuong phip nay nén de dat khi sit dyng vi sdp bang
phuong phap chén thi ludn ludn thyc hién ngay ca khi Quicksort
o6 16i 1am cho né khdng thyc hign gi ca.

Hinh 9.6 cho thiy qua trinh nay trén mdt mang thd ty nghu
nhién o6 kich thude lén. D hinh nay md ta mdi phan hoach chia
mdt mang con thanh hai phan doc lap, mdt mang con trong hinh
nay duge trinh bay dudi dang hinh vudng gom céc diém nghu
nhién, qua trinh phan hoach chia hinh vudng nay thanh hai hinh
vudng nhé hon ¢é mdt phan ti (phan t& phan hoach) nim trén
dudng chéo. Cic phan t¥ khong lidn quan d8n vidc phan hoach
nam gan véi duding chéo, chita lai mdt mang d& x 1y bang phusng
phap sAp chen, Do hinh tusng wng cho cai dut khdng d2 qui cla
Quicksort tudng ty, nhung cic phan hoach duge thyc hidn theo
trinh ty khac.

Ny > - L]
PHAN TU GIUA CUA
BA PHAN TU PHAN HOACH
- Cai ti€n thii ba cia Quicksort la ding phan ti¥ phan hoach t&t hon.
Kha nang chon lya bio dam nhét d& trénh truong hgp x&u nhat la
chon mdt phén ti¥ nghu nhien trong mang lam phan t& phan
hoach. Day 13 mbt vi dy don gian clia “thuat todn kha thi” dung
nghu nhién d¢ dat k&t qua tat bat ké tha ty nao ciia di lidu nhap.

D li2gu nghu nhién c6 thé la mdt cdng cy cb ich trong thiét k&
thuar toan.

Mot cai ti€n hitu dyng nia 1a liy ba phan t trong tap tin, sau
d6 13y phan ti gita cia ba phéan ti nay lam phan t phan hoach.
Né&u ba phan tit duge chon la phan td tréi, gida, phai cia mang,
tranh ding cdc phan td linh canh: sip x&p ba phan ti nay (dung
ba phép hodn vi nhit trong chuong trudce), roi hoan vi phan tii gitta
vdi a[r-1] va thye hién thult toin phan hoach trén a[l+1..r-2].
Phuong phdp cai ti€n nay duge goi 1a phuong phap phin hoach
bang phan tit gila cia ba phan td,

Phuong phip nay giip cho Quicksort: thi nhit la lam cho
truting hgp xfu nhat khong thé xay ra trong cde trutng hgp sip



152 QUICK SORT

x&p. D€ shp can N [an, hai trong ba phan t& dang xét phai nkm
trong s8 cic phén tit 10n hay nhé nhét trong tap tin, va dizu nay
phai xdy ra trong da s cic phép phan hoach; thit hai Ia né loai trir
kha nang diing khéa linh canh d€ phan hoach vi chifc nang nay da
thé hign b3i ba phan ti dang xét trudc khi phan hoach. Thi ba né
thyc sy nit ngén tdng thoi gian trung binh cda thuat toan khodng
5%.

Lién k&t cia chi dat khong d& qui cho phuong phap phan t
gilta 48 cit nho tap tin o6 thé cii tién thoi gian chay chia Quicksort
trén cai dit d2 qui cd ban khoang 25% d&n 30%. Cai tién thuat
toéin o6 thé dung phan tif giita cia 5 hay nhidu hon phan ti nhung
lugng thai gian dat duge rit giéi han. Nhidu khi phai ma lenh céc
vong lap bén trong (hay toan chueng trinh) biing ngbn ngd may
hay hop ngi.

CHON

Mot chudng trinh Wng dyng lién quan d&n sip x&p khong nhat
thigt la phai thao tac tim kim phan ti gitta clia mdt tap hop so.
bitu nay 1a phép todn thong thuding trong thing ké vi céc ung
dung xit Iy d@ ligu thay dai.

Thao tac tim phan t¥ gita la trudng hgp d4c bist cia thao tac
chon: tim phan ti nhé nhét thit k cia mdt tap hgp s, Vi thuat
todn khong dam bao la mdt phan ti nhé nhat thd k khong can
quan tdm k-1 phan ti¥ nhd hon va N-k phan ti¥ 16n hon, phan 1én
céc thuat todn chon cé thé trd vé k phan ti nhd nhit cia mot tap
tin khong cin phai tinh todn nhitu.

Phudng phap chen c6 nhigu dng dung trong vide xit Iy dit lidu.
Diing phan tit gita va cac phép thdng ke thi ty khéc dé chia tap
tin thanh cdc nhém nhd hon rdt phd bign. Thudng thi chi mot
phan nhd céa tap tin 1én gid lai cho céc x{ 1y them: trong trudng
hgp nhu vay, mét chuong trinh ¢6 thé chon 10% dau tién caa céc
phan tif trén tap tin o6 J& thich hgp hon mdt sip x&p hoan toan.

Chung ta da thdy mdt thuat todn ap dung phudng phap chon
nay roi. N&u k kha bé, thi sip x&p bang chon 5 thyc hién rit tat,
cAn thui gian ty 18 véi Nk; trude tién tim phan t& nho nhat, k& tigp
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tim phan t nhd nhit th¢ hai bing cich tim phin t& nhd nhat
trong s8 phan td con lai. D&i vai k 19n, tim hidu phuong phap &
chugng 11 sé duge ap dyng d& chay vdi thai gian ty 1& Nlogk.

Mét phuong phap ly thi dp dyng duge vii cic gid tri k va thye
hién thdi gian tuy&n *ich trung binh 6 thé tinh duge ti thi tyc
phan hoach ding cho Quicksort. Nhic lai 14 phuong phap phan
hoach cia Quicksort dé chia lai mot mang a [1..N] va tra v mdt
8 nguyén i sao cho a[l1), .. a[i-1] nhd hon hay béng ali] va a[i+1] ...
a[N] 1dn hon hay bang ali]. N&éu tim thiy phan t4 nhd nhat thi k
ching ta o6 k=i. Mat khéc k<i thi ching ta phai tim phan ti¥ nhb
nhat the k & tap tin con bén trai va ndu ki can tim phan ti nhd
nhét thit (k-i) & tap tin con bén phai. Ap dung Iy luan nay 48 tim
phan tit nhd nhét thi k trong mang a[l..r], dua d&n mat thuat todn
d2 qui nhu sau:

procedure select(l,r k:integer);
var i:integer;
begin
if r>{ then
begin i: =partitiontl,r);
if i>1+k-1 then select{li-1,k);
if i <i+k-1 then select(i+ 1,r,k-i);
end

end;

Thi tuc nay sip x&p lai mang sao cho all]...a[k-1} nho hon hay
bang alhl; va a[k+1] ... a[r] 16n hon hay bing a[k].
Vi dy nhu lénh goi select(1,N,(N+1) div 2) phan hoach mang
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Hinh 9.7 Phan hoach dé tim phiin tir gitt
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dya vao cic gid trj phan td gita. Doi v6i cdc khéa trong vi du sip
x&p, chuong trinh nay chi dung ba lénh goi tim phan t¥ gida nhu &
hinh 8.7. Tap tin duge sdp sao cho phan ti giita dat vao vi tri ma
cdc phAn tt nthd hon s& n&m bén trai va 1én hon nim bén phai (cic
phan ti tring c6 thé & mdt trong hai bén), nhung né chua sip
xong.

Bdi vi thi tuc select ludn két thic bang mot Jénh goi chinh né
nén nd thyc sy d¢ qui trong d6 khong cé ngain x&p nao dung dé
khu d& qui: khi d&n lic goi d& qui ching ta c6 thé khdi dong lai cae
tham s8 va trd vé diém bt dau vi khang o6 gi d€ lam nia. Chiing
ta cling c6 thé khu cac phép tinh don gidn lién quan d&n k nhu
trong cai dit sau:

procedure selectik:infeger);
var v, 4L rinteger,
begin
L=1, r=N:
while r>1 do
begin
we=afrl L=l1; ji=r
repeat
repeat i =i+ ] until afi /> =v;
rvepeat j:=j- T until ofij< =v,
t=afi}; ofil=alj} ofjl=¢
until j<=i§;
afil =dfil alil:=afr} afrl-=¢;
if i>=k then r =i-1;
ifi<=k then L:=i+1;
end;
end;

Chiing ta st dung thi tyc phan hoach cho Quicksort va c6 thé
thay d8i n6 néu 6 nhidu khéa trung nhau,

Hinh 9.8 cho thiy qua trinh chon trén tap tin ngfu nhien c6
kich thude 1dn. Nhu véi Quicsort chiing ta c6 thé k&t luan 1a dsi
vdi tap tin c6 kich thude 16n, mbi phan hoach nén chia ddi mang,

- vi th& toan bd qua trinh doi hoi khoang
N + N/2 + N/4 + N/8 + ... = 2N so sanh.

TINH CHAT 9.2: v2 mit trung binh, Phuong phip sép chon

dua trén Quicksort c6 thoi gian chay tuyén tinh.
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Hinh 9.8 Tim phin t gia,

Mot phép phan tinh tuong ty (cé phan phic tap han) vdi phan
tich ¢ trén cho Quicksort dan dén két qua 4 s5 so sanh trung binh
khoang 2N + ZkIn(N/k) + 2(N-k)In(NAN-k)) tuyén tinh vdi gia tri
cua k. D6i vai k=N/2 (tim phan t giita), ta o6 khoang khoang
(2+2In2)N phép so sanh

Truding hgp x8u nhit gidng nhu ddi véi Quicksort; ding
phudng phdp nay dé tim phan td nhd nhat trong tap tin da sip roi
dua dén két qua thoi gian chay ti 12 N2, Ngudi ta 6 thé ding mot
ph:m tu tiy ¥ hay phan hoach nghu nhién nhung phai than trong:
ching han néu tim théy phéan td nho nhat ching ta khong musn
tap tin chia gan nhu & giita.

C6 thé hidu chinh Quicksort dya vio phudng phap chon nay dé
bao dam thoi gian chay tuyé&n tinh. Sta d6i nay c6 thé can thist ve
mat ly thuygt nhung eve ki phidc tap va khang thyc t& cho lim.
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BAI TAP

. Cai dat mdt thuit todn Quicksort dé qui véi sy cit xén bét phép
sip chen cho cac tap tin con ¢6 it hon M phéan ti va xdc djnh
theo kinh nghiém gia trj cia M ma né sé chay nhanh nhat trén
mdt tap tin ngdu nhién c6 1000 phan .

. Giai bai toan trén d4di v6i mdt ban chi dat khéng d& qui.

3. Giai bai todn trén cb bd sung phép chon phan ti gita cda ba

W

1

phan u.

- Quicksort s& thyc hién khoang bao 1au &8 sAp mot tap tin gom N
phén 1t bAng nhau.

. 56 lan t8i da raa phan td 16n nhit c6 thd duge di chuyén trong
luc thi hanh Quicksort 14 bao nhidu?

. Hay chi ra Jam thé nao tap tin A B A B A B A dugc phan hoach,
stit dung hai phuong phap da dé nghj trong tai ligu.

. Quicksort dung bao nhiéu phép so sdnh dé sdp cickhéa EAS Y
QUESTION?

. Can bao nhiéu khéa “cam canh” n&u phuong phép sép chén
duge goi mot cach tryce ti€p tit trong Quicksort ?

. C6 hgp 1y khong khi ding mot hang dgi thay vi mét ngan x&p
cho mdt ban cai dat khdng dé qui cla Quicksort ? Tai sao ¢6 va
tai sao khéng ?

0. Viét mjt chudng trinh dé t8 chic lai mdt tap tin sao cho tit ca
cic phan t vii cdc khéa bing véi gid tri trung binh thi nim tai
chb, vdi cac phan ti nhd hon thi n¥m b&n trai va cc phan tit
Ién hon thi nAm bén mat.
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Cac “khéa” dung @& x4c dinh thy ty cha cie nmu tin cua tap
tin d6i véi nhidu chuong trinh ung dung sip x&p rit phic tap
(ching han thd ty dung trong s3 dién thoai hay mot thy myc
sach). Vi ly do néy, dé x4ac dinh cic phuong phap qﬁp x&p ¢6 hai
thao tdc cd ban rdt hop 1y 1a “so sinh hai khéa” va “hodn vj hai
méu tin”. Pa s8 cdc phudng phép ching ta da nghign cdu cb thé
mé 14 du’a trén hai thao tdc oo ban. Tuy nhién dai véi nhigu chuong
trinh dng dung, o6 thé lgi dyng sy kién la cic khéa c6 thé la sb
nim trong mot day hitu han nao 6. Céac phu‘cing phap sip x&p lgi
dung tinh chat so dl.qu: goi fa shp x&p dua vao od s8 (radix sort).

Cac phuong phap nay khong chi so sinh khéa: ching xit ly va so
sdnh céc phan cla khoa.

Thuat toan sip x€p theo cd s§ xem cdc khéa nhu Ja 8 duge
bigu dién & dang hé co s6 M ddi vdi céic gia trj khdc nhau ctia M va
lam viéc vii cic ky s rieng 1&. Ching han, mdt thu ky phai sép
x&p mdt xAp thé c6 in ba chit s§ trén thé. Mot cich thyc hitn hgp
ly 481 vdi anh ta la tao ra 10 chong: mdt cho céc 6 100, mdt cho
cac sb gidta 100 va 199 v.v..., dat cic thé vao trong chong, sau do
xi ly cée chung riéng biét, b?mg cach st dung cliing phuong phdap
trén céc s§ k& tigp hay dung phUdng phap dé hon néu chi c6 mot
vai the. Day 1a mot vi dy don gidn cua sap x8p co 86 vii M=10,
Ching ta s& xem xét chi ti&t phuong phap nay va vii phucng phap
khac trong chuong nay. Di nhign v6i phan Ién cic may tinh thi rit
thuan lgi @8 lam vige véi M=2 (hay lay thita cda 2) hon 13 M=10.
Moi bidu dién ben trong mdy tinh deu o6 dang nhi phan, vi nhiéu
ing dung c6 sAp x&p déu chuyén déu chuyén thanh sip x&p bang co
3 thao tac trén khéa 12 s6 nhi phan. Nhung tige 1a Pascal v nhigu
ngbn ngﬂ khac ghy nhidu khé khan khi viét chuong trinh phu
thudc vao bidu dién s& nhj phan. (Ly do 1a Pascal chi Ja mot nghn
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ngit dién dat chuong trinh ddc lap vSi ngdn ngt mdy va cic may
tinh khac nhau cé thé sit dung cic bidu dién khic nhau cho clng
mot dang so).

Ngbn ngit Pascal loai bd nhigu ki€u k¥ thuat trén bit, va x¢ ly
t&t hon cho cac ciu trmic nhu mAu tin va tap hgp; tuy nhign shp x&p
biing cd s6 dudng nhu 1a mdt trudng hgp nghu nhién ngude lai vi
gid thist cla ngdn ngd Pascal. May 1A khong khé khi ding céc
phép todn s3 hoc 38 md phong cic thao tdc can ding, vi vay ching
ta c6 thé vigt cAc chudng trinh Pascal d& md ta thuat todn ma b
thé bién dich d& dang thanh cic chudng trinh hidu qua vidt bing
ngdn ngit lap trink cung cAp cic thao tac bit trén s8 nhj phan.

BIT

Cho trude mét khoa bidu dién dudi dang s8 nhj phan, thao tac co
ban can cho phudng phap sip x&p dya vao cd s8 1a trich tap hgp
cac bit k& nhau clia mdt s8. Gid st ching ta xi ly cac khoa la cic
s8 nguyén gida 0 va 1000. Cdc s8 nay duge bidu dién bing s& nhj
phan chigm 10 bit. Trong ngdn ngl¥ may céc bit duge trich ra tir s
nhj phan bang cach ding phép todn trén bit Ia “and” v “shift”.
Ch#ng han hai bit dau cia s& 10 duge trich ra biing cach ddy sang
phai 8 vi tri bit sau do dang phép and vdi mit na bit 000000001 1.
{Trong Pascal cic thao tic niy o6 thé duge md phong bing div va
mod.) Vi dy nhu hai bit dau cla mat s6 x 10 bit c6 thé 1y duge
bing phép tinh (x div 256) mod 4. N6i chung “déy x sang phai k vi
tri bit c¢6 thé md phong bang phép tinh x div 277 vA “lam cho tat
ca cac bit bing O ngoai trif j bit bén phai nhat cla x” 6 thé md
phéng bang phép tinh x mod 2. Trong md ta cla thuat toan sip
can phai o6 mdt ham bits(x,k,j:integer)integer lign két cac thao
tde nay d& tra vé j bit, grong j bit nAy xuAt hidn k bit phai cla x
bang cach tinh (x div 2°) mod 2. Vi du, bit phai nhat cua x duge
lay ra tit #2nh goi bits(x,0,1). Ham nay cé thé lam hidu qua hon
bang cach tinh trude (hay dinh nghia hing) ede lay thita eda 2.
Chi y 12 mdt chuong trinh chi sit dung ham nay sé sip xép dya vao
cd sd mac di chiing ta co thé hy vong hidu qua hon néu biéu dién ¢
dang nhi phan va trinh bigén dich kha tot d& o6 thé tinh toin bing
lenh ngdn ng® may “shift” va “and”. Nhigu cii @it bang Pascal 6
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phan md rong ngdn ngd cho phép cc thao tic nay dudge lam mot
cach trye tigp.

Ching ta xem xét hai kiéu sip x&p dya vao oo s§ ma thi ty
xem Xét cdc bit ciia khéa thi khic nhau, Ching ta gid dinh ring
cic khéa khong ngin, cho nén rit ¢an trich ra cac bit cia chiing.
Néu cac khéa ngén thi sit dyng phuong phap dém qud trinh phan
phdi trong chuong 8. Nhic lai la phuong phép niy c6 thé sip N
khda ]a s6 nguyen gita 0 va M-1 theo thdi gian tuy®n tinh, s dung
mot mang phy o6 kich thuée M d& d&m va mdt mang khac kich
thudc N d€ sip x&p lai miu tin, Néu ching ta c6 thé dung mdt
mang kich thude 25 thi c6 thé sip x&p dé dang cac kada b-bit theo
thi gian tuyén tinh. N&u cde khéa kha daj (b=32) phuong phap
niy o6 thé khong thye hien duge.

Phuang phap cd ban dau tién 48 sAp x&p bing co s8 1a kiém tra
cdc bit trong cAc khéa tir trai sang phai. N6 dya trén tinh chat la
két qua ctia “so sinh” khéa gita hai khéa phu thudc vao gid trj cla
cdc bit dau. Vi vay, tit ci cac khéa o6 bit bit dau bing 0 xusit hién
trudce tat ca cic khéa cé bit bat dau la 1, khda nao 6 bit thy hai la
0 sé xuét hidn trude cic khéa od bit thd hai 1a 1, va cd nhu vay,
Phueng phép sip x&p bling oo sb tir trai sang phai goi la sap x&p
hodn vi cd 88, 1a phuong phap sip x&p béing cich chia cdc khéa
mdt cich. c6 he théng.

Phuong phép c¢ ban thy hai ma ching ta s& xem xét duge goi
12 shp x&p cd 5§ trire tidp, kidm tra cac bit trong khéa tir phai
qua trdl. N6 dya vao mdt nguyen tAc 1a rit nghn viee sip x&p trén
khéa b-bit thanh b [an shp x&p trén khéa 1 bit.

SAP XEP HOAN V| CO' S8

Gia s chiing ta o6 thé sép x&p cdc méu tin cia tap tin sao cho t4t
ca cdc miu tin o6 khéa bat dau bang bit 0 ddng trude cic mau tin
<6 khoa bét dau bang bit 1. Dieu nay din dén mot phuong phap sip
x&p d& qui nhy sau: néu hai tap tin con duge sip x€p doc lap, thi
toan bd tap tin s& duge sp. Sy sdp x&p lai cla tap tin rdt gidng
nhu trong phan hoach ctia Quicksort: quét tir trai d& tim khéa bit
dau bang bit 06 gia tri 1, quét tir phai d& tim khéa bit dau bang bit
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cb gid trj ©, hoan vj va ti€p tuc qua trinh cho d8n khi cdc con tro
quét giao nhau.

Ditu nay din d&n mot thid tuc shp x8p dé qui tuong tu véi
Quicksort nhu sau:

procedure radixexchange(l,r,b:integer);
var t,i,j! integer;
begin
if (r>1) and (6> =0} then
begin '
=l ji=r;
repeat
while (bits(afifb,1)=0)and (i <jjdoi;=i+1;
while (bits(aljlb,1)=0) and (i <} o j: =j-1;
until j=i;
if bitsfafr]b,1)=0 then j:=j+ I, radixexchange(lj-1b-1);
radixexchange(j,rb-1)
end;
end;

Dé don gian, gia s 13 a[1..N] chita cde s8 nguyén dudng nhd
hon 232 (sao cho chiing c6 thé bigu dién nhu s8 nhi phan 31 hit), k&
d6 tha tyc radixexchange(1,N,30) sé sap x&p mang. Bién b git lai
dau tich cla cac bit da kiém tra, mign gia tri tr 30 (tréi nhat)
xudng d&n 0 (phai nhit). Thong thuting c6 thé ap dung cai dat cac
bit cho biéu dién trong mdy cho s8 am sao cho s6 am <6 thé duge
xU 1y khi sdp xé&p.

Cai dit nay di nhién tuong ty vdi cai dat d& qui ctua Quicksort
trong chuong 9. Chu y&u vigc phan hoach trong sip x&p hodn vi co
s gidng nhy phan hoach clia Quicksort ngoai trir s§ 2P duge dung
nhu phan tir phanhoach thay vi diimg s8 khac trong tap tin. Boi vi
20 c6 thé khang chia trong tip tin nén khéng bio dam la mdt
phan t¥ duge dat vho vi tri cudi cling cia né trong sudt qua trinh
phan hoach. Bdi vi chi duy nhat mdt bit duge kiém tra, nén ching
ta o thé dya vao cic phﬁm tit linh canh d& ngung vigc quét: vi vay
vidgc kiém tra (i<j) can phai c6 trong vong lip quét. Bdi vai
Quicksort, mét phép hodn vi nita duge thue hién trong truting hgp
j=i, nhung khdng can trd lai phép hodn vi nay bén ngoai vong lap
vi “phép hodn vi” 1a cia ali] v8i chinh né. Vide phan hoach nging
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khi j=i va tét ca cac phan tif ben phai ai] c6 cdc bit 1 6 vj trithu b
va tit cA cac phan ti ban tréi ali] c6 cac bit 0 & vi tri thi b. Phan
tit afi] tu né sé c6 modt bit 1 trir khi tit ca cac khoéa trong tap tin c6
bit 0 & vi tri thi b. Cai dat & trén 6 mdt phép kiém tra bén ngoai
vong lap ngay sau khi phan hoach.

Hinh 10.1 cho thiy tap tin mAu dugc phan hoach va sip xép
bing phuong phap nay. Cé thé so sanh véi hinh 9.2 cia Quicksort,
miac di phuong phap phan hoach khong thé hign dugc biéu dién
nhj phan cia cac khoa.

Hinh 10.2 cho thdy phan hoach dung biéu dién nhj phan ctia
khéa, mdt ma 5 bit duge dung theo quy ude chir céi thi i sé dude
biéu dién biing dang nhj phan cda i. Pay 1a mot &n ban don gian
ctia ma ky tu sit dung nhidu bit (7 hay 8 bit) va biéu dién dugc
nhidu ky ty (chi hoa/thudng, s, cic ky tu dac biét). Bang cach
chuyén céc khéa trong hinh 10.1 thanh ma ky tu 5 bit, nén bang
d@ lidu d& co thé trinh bay phan hoach dudi dang “song song” thay
vi phan hoach trén mdt dong, ching ta c6 thé thay trong hinh 10.2
la céac bit dau cta khéa didu khién viec phan hoach nhu thé nao.
Trong hinh nay, mbi phan hoach duge thé hién bang tap tin con
“0” mau triing theo sau la mot tap tin con “1” mau xam trong do
hinh k& bén phai trir khi tap tin con c6 kich thude 1.
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Hinh 10.2 Sdp x&p hodn chuyén co s6 (sdp xép co s6 “trdi sang phai”)
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Mot van dé quan trong ciia sip x&p béing co s khéng thé hién
trong vi dy nay la céc phép phan hoach bj suy thosi (phan hoach c6
cic khoa cung gia tri trong bit duge ding) c6 thé xay ra thuong
xuyén. Tinh hudng nay xay ra thong thudng trong céc tap tin khi
sip x8p cic s8 nho (cé nhidu bit 0 & dau). Didu nay cling xay ra doi
v6i cdc ky ty: ching han gia si cic khéa 32 bit ding cho 4 ky ty
bang cich ma héa mdi ky ty trong mot ma 8 bit chuin va ndi
ching lai véi nhau. Cac phan hoach bj suy thodi c6 thé xay ra & vj
tri bat dau cia mdi ky tu khi chc chit cii b&t dau biing cic bit
giéng nhau trong phan 16n cdc ma ky ty. Nhidu hau qua tuong tuy
khéc dang chi y khi di lidu bi ma héa.

Hinh 10.2 cho thdy khi mdt khéa duge phan biét véi cac khéa
khac nhd céc bit trai ciia né khong c6 thém bit nao dugc kiém tra.
Diéu nay tien lgi trong mot s tinh hudng, nhung lai bt tien trong
mot sd tinh hudng khéc. Khi cic khéa thyc sy la cic bit ngiu
nhién, méi khéa khac véi khéa sau khoéng IgN bit, s8 bit nay c6
thé it hon 3 bit trong khéa. Trong trudng hgp nghu nhién ching
ta mong mudn mdi phan hoach chia di tap tin con. Chang han,
sip mot tap tin con c6 1000 mdu tin c6 thé lién quan dén viee
ki€m tra khoang 10 hay 11 bit trén méi khéa (mac du khéa Ia khéa
32 bit). Mat khac, chi y la tit ca cic bit trong khéa trung deu
duge kiém tra. Sp x&p dya vao cd s§ khong hoat dong tdt trén céc
tap tin chita nhieu khéa gidng nhau. Sép x&p hoén vi co s§ thye sy
nhanh hon Quicksort néu cac khéa tham gia sép x&p gom c6 cac
bit ngiu nhién, nhung Quicksort c6 thé ap dung t5t hon trong cac
trudng hgp it ngiu nhién. LI '

Hinh 10.3 Ja cay biéu dién qua trinh phan hoach cia sip x&p

Hinh 10.3 So db cdy cua qua trinh phan hoach trong sip xép hoan vi co s&
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hoén vj co sb c6 thé so sdnh véi hinh 9.5. Trong céy nhi phan nay
céc niit trong biéu dién cho céc diém phan hoach; cic it ngoai la
céc khéa trong tap tin, tit ca cic mit s& nam trong tap tin c6 kich
thuéc 1. Trong chudng 17 ching ta sé thiy cﬁy nay thé hién méi
quan h tryc tidp gita sip xép hoan vj cd s6 va mdt phuong phap
sip x&p cd ban.

Cai dat de qui & trén c6 thé duge cai tién bang cich khi d& qui
va st dung céc tap tin con c6 kich thudc nhé nhu da lam trong
Quicksort.

SAP XEP cO sO TRUC TIEP

Mot phuong phép sép x&p dya vao cd s8 la dya vao viee kiém tra
cac bit tit phai sang tréi, day la phuong phép do mdy tinh ci su
dung. Hinh 10.4 cho thﬁy mot phuong phép sép xép dya vio co s6
theo cach tif phai sang tréi, hét bit nay dén bit khac thyc hign trén
céc khéa miu. Cot thi i trong hinh 10.4 duge sp x&p trén giai bit
thit i cta khéa va c6 duge tir cdt thit i-1 bing cach trich ra tat ca
cac khéa c6 bit thit i 1a 0, k& d6 1a cac khéa c6 bit thiila 1.

Khong dé thuyét phuc rang phuong phép néay hoat dong, thuc
sy né khong lam gi ca tri khi qua trinh phﬁn hoach mt bit én
dinh. Khi sy 6n dinh duge théa mén, ta c6 thé chiing minh ngay
phuong phap nay hoat dong t&t n&u chi y: sau khi dat cic khéa co
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Hinh 10.4 Sdp xép co sé truc tiép
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bit thit i Ia O thi sau d6 1a céc khéa o6 bit thi i la 1. Ching ta bigt
14 hai khda bat ky xudt hign theo thit ty phit hop trong tap tin néu
bit thi i cia ching khéc nhau, hay n&u bit thi i cla ching bang
nhau thi thi ty cang phit hgp nh¥ vao tinh 8n dinh. Yau cau cda
tinh &n dinh 11 phuong phap phan hoach duge ding trong sip x&p
hodn vj oo s6 tng dung cho sip x&p ty phai qua tréi.

Phan hoach giéng nhu sip x&p tap tin chi ¢6 hai gia trj va sip
xép bang cich dém sy phan phéi § chusng 8 rét thich hgp cho dign
kién nay, N&u ching ta gia djnh 1a M=2 trong chuong trinh dém
sy phin phdi va thay th€ afi] bang bits(a[il k,1), gia sl rang
chudng trinh trd thanh mot phuong phap d8 sip xép cic phan t&
cla mang a trén bit k tir phia phai va dat ket qua vho mang tam
thdi t. Nhung khéng 6 1y do nao € ding M=2, ching ta nén cho
M cang ldn cang t6t, va thiy la can mot mang chita M lan d&m.
Ditu nay tuogng ung véi viee sit dung m bit trong suSt qua trinh
sip x&p véi M=2m, Phuong phap sip x8p ¢o sb tryc tidp, xét ve
mat néo dé thi la dang tng héa ctia cta sip x&p bing phuong phép
dém phan phéi, xem cii dat sau day cho viee sAp a[1..N] trén w bit
bén phai nhit:

procedure straightradix;
var i,jpass: integer;
count: arrvay/0..M] of inicger;
begin
for pass: =0 to (w div mj-1 do
begin
for j:=0 to M-1 do countfj}=0:
fori:=1to Ndo
countfbitstafi} pass*m,mil =count{bits(ofi}pass*m,mij+1;
for j:=1 to M-1 do count{j] : = countfj-1]+count{j]: '
for i:=N downio I do
begin
bfcountlbits(afi], pass*m,m}ji =qafi} .
count{bitstafi], pass“‘m,m)jf:=count{b£ts(a{i],pass*m,m)]—1;
end,
fori:=1 to N do afi] =bfi]
end;
end;
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Tha tyc nay si dung hai 1énh goi thi tuc bits dé tang vh giam
bi#n d&m count. Ping thic M=2™m duge luu gid trong cic tén bién,
mac di mdt vai 4n ban cla Pascal khong phan bigt duge m v M.

Tha tue trén chi thyc hién t6t khi w 1a boi s8 clia m. Thong
thutng day khﬁng phai la mdt gia thidt gisi han cda sip xép dya
vao od s8: né tuong dng vdi vide chia cdc khéa thinh mot s6 méu
o6 kich thudc bing nhau.

Phuong phép cai djt trén chuyén tip tin a sang b trong ting
lan phan phéi, réi chuyén lai a bang mdt vong lap don gian. Vong
lap “sao chép mang” o6 thd bd qua ndu mudn, bang cich tao hai
bang sao chép clia doan chudng trinh d€m vige phan phdi, mdt ban
d€ sao chép tir a qua b, ban kia dé sép tdrb quaa.

HIEU QUA CUA PHUONG PHAP SAP XEP
BANG CO SO

Thti gian chay cua ca hai phudng phap sip x&p dya vho cd s0 néi
trén khi sip N méu tin b-bit 12 Nb. Ngudi ta cling c6 thé nghi riing
thui gian chay tuong duong NlogN, vi néu tit ca cdc s8 khoa deu
khdc nhau thi b it nhét phai bang logN. Mat khdc, ca hai phuong
phdp ludn dung it hon Nb thao tac: thd nhét la phueng phép
tit-trai-qua-phai (vi n6 o6 thé ding khi mét khi thiy sy khac nhau
gitta cac khoéa), thi hai phuong phap tir-phai-qua-trai (vi né x{ Iy
nhidu bit cing mot lic).

TINH CHAT 10.1 Phutong phap sip xép dwa vdo co s8 ding
trung binh khoang NIgN phép so sanh bit.

Néu kich thude tap tin I liy thita cia 2 va céc bit phan b&
nghu nhién, ching ta muén mdt nda cac bit dau bing 0 va nia cdn
lai biing 1, vi th& cdng thic truy hoi CN—2CN;2+N s2 md ti tinh
nang giéng nhu Quicksort 3 chugng 9. Md ti cla truting hop nay
ciing khong chinh xdc vi phan hoach chi rei vao gitta trong truting
hgp trung binh (va vi s8 bit trong khéa la hitu han). Tuy nhién, doi
v6i md hinh nay, phan hoach ¢d 1& rdi vao phan giGa nhidu hon
Quncksort vi vay kit qud duge khing dlnh la dving. (Vigc chu’ng
minh khéng djnh nay vugt khoi pham vi cla ching ta).
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TINH CHAT 10.2 Cé hai plutong phép sdp xép bing co s8 can
it han Nb phép so sanh bit khi sip xép N khoa b-bit.

Phuang phap sip x&p dua vao oo s3 c6 thisi gian tuy&n tinh theo
nghia Ia thai gian sit dung ti 12 vai s§ bit ciia dt lidu nhap. Didu
niy c6 thé quan sat true tidp tit viee kidém ching chuong trinh:
khéng c6 bit nao duge kiém tra nhigu hon mot lan.

D&i véi cdc tap tin 19n, ngdu nhién, phuong phiap shp x&p dua
V30 od 8§ tryc tigp biéu hign khac hon. Hinh 10.5 cho théy cac giai
doan clia sp x&p co 6 tryc ti¥p trén mt tap tin nghu nhizn véi
cdc khéa 5-bit. Dién tién ctia t8 chic tap tin trong qué trinh sip
x&p duge trinh bay r6 trong db hinh nay. Vi dy nhu sau giai doan
thtt 3 (tan cimg bén trai), tap tin chita bén tap tin con dugce sip lan
In: cic khéa bét dau bing 00, cic khéa bat dau bang 01, va e
nhu the.

TINH CHAT 10.3 Phuong phip sép x8p co s8 truc tiép c6 thé
sip N méu tin véi cdc khoa b-bit trong bim lan lip, cin chd trong
cho 2™ bién d&ém (va mdt bp dém cho viée sip xép cac tip tin).

Hinh 10.5 Cdc giai dogn cuia sip x8p biing co $5 true tidp.
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D& chitng minh tinh chét ny o6 thé di thing vio phan cii dat.
Néu ¢ thé 1dy m=Db/4 ma khong cAn thém b) nhd, ching ta sé c6
phuong phéap sp x&p tuyén tinh. Van d2 thyc t& cta tinh chét nay
$é dugc trinh bay chi tiét hon trong phan sau,

Xem hinh 10.5 Céc giai doan ciia shp x&p bang co s8 tife tidp.

PHUONG PHAP SAR XEP TUYEN TiNH

Cai dat clia phuong phép sip x&€p bang cd s6 trye tiép da néu &
phan trude tao b/m lan lap trén thp tin. Cho m I6n, ta cf mdt
phuong phap sip x&p rét hitu qua mién la ta cé sdn M= =2" & bo
nhd. Mot cach chon hgp 1y 14 cho m bang 1/4 kich thude & nhd
{nghia la b/4), khi 46 phuong phap sép x&p qua bon fan dém phan
phdi. Cac khéa dugc st dung nhu od s3 M, va mbi ky s0 cia khoéa
duge kifm tra, nhung chi o6 4 ky s8 trén mdt khéa (didu nay tudng
thich véi ciu tric may tinh ¢6 kich thuéc & nhd 32 bit, 1 4 byte
mbi byte 8 bit). Mai [an lap budc d&m phan phdi thi tuyén tinh, va
vi chi c6 4 byte nén toan bd sdp x€p tuyén tinh, day 1a dac trung
&t nhat ma ching ta mong dgi cho mot phudng phap sip x&p.

That ra chi can hai lan d8m phan phdi, ching ta cd thé sip x&p
bang céach Igi dung tinh chat la tap tin hau nhu duge sdp ma chi
¢an ding b/2 bit dau cda khéa b-bit. Gidng nhu Quicksort, viec sip
x&p s& hitu qua hon ndu dung sip x&p bang phuong phap chen trén
toan bd cac tap tin sau d6. Phuong phdp nay di nhién la higu chinh
cho cai dat & trén: € thyc higen mot phuong phap sap tir phai qua
trai st dung mdt niva dau clia khéa, ching ta chi can bt dau vong
lap ngoai pass=b div (2*m) thay vi pass=1. K& dén la dung
phudng phap sip x&p chén trén tap tin gan nhu da sip thy ty. be
kiem ching tap tin duge sip x8p tdt n&u nd da duge x&p theo thi
ty cua céc bit din dau, doc gia cé thé kidm ching cbt dau tién cua
hinh 10.2. Chéng han, n&u phuong phap sip xép chen ap dyng cho
tap tin dA x&p 10i trén 3 bit dau tién thi ta chi can sdu phép hodn
vi.

béi vdi cac tip tin ob kich thudc ldn va cic khda eé cic bit
nghu nhién, ta sit dung hai lan phép d€m phan phdi (m bing
khoang 1/4 kich thuéc & nhd) va dung phudng phap sip x&p chén
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thi hau nhu né chay nhanh hon bat k¥ phuong phap nao khac. Bat
tién cla né 1a can them mot mang cing kich thudc véi mang can
sip. C6 thé bd mang ndy di va ding ky thust xau lién két, nhung
khong gian Iuu trif cn thiét vin ti 1& vi N.

Phuong phip sip x&p tuy&n tinh di nhién rit hiu dung trong
Cc4c trinh Ung dyng, nhung c6 nhitu Iy tai sao né khong duge dung
phd bign. Trudc tién vi tinh ning ciia né phu thudc vao khéa o6 cac
bit nghu nhién véi thi ty sip ngiu nhign, Néu khdng thda dieu
kién nay, qui trinh thyc hign s& bj giam hieu qua. Thi hai Ja
phudng phip niy can chd luu trit t 1¢ véi kich thude mAang cin
s&p. Thit ba, “vong Iip trong” cia chuong trinh thye sy chda chi
mt vai ienh, vi th& di cho phudng phéap nay tuy&n tinh né cing
khéng nhanh hon Quicksort cho lAm, ngoai trit truting hgp tap tin
6 kich thuéc lén, Chon lya gida Quicksort va sip x&p dya vao co
s8 rat kho, n6 khdng chi phy thudc vao dze trung cia chudng trinh
Ung dung (nhv khda, miu tin, kich thudc tap tin) ma con phu
thuge vao dac trung clia mai trudng thiét bj va lap trinh ma lien
quan d&n tinh higu qua truy xuft va st dung céc bit riéng 12,
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BAI TAP

1.

8.

9,

So sénh 6 hodn vi duge dung bdi sip x&p hodn vi ¢ s8 véi s
hodn vj duge ditng bdi Quicksort cho tap tin gdm céc khéa 001,
011, 101, 110, 000, 001, 010, 111, 110, 010.

. Tai sao lai khong quan trong khi khit d& qui tif phuong phép sip

x&p hodn vi cd s8 nhu la 481 vdi Quicksort.

. Hay siia ddi percmg phap sip x8p hodn vi o 55 d8 nhay qua cAc

bit din dau gi¥ng nhau trén tit cd cic khéa. Trong nhing
trudng hgp nao thi didu nay trd nén phung phi vo ich?

. Di2u sau day dung hay sai: thifi gian thyc hign cia phuang phéap

shp x&p oo 88 tryc tiép khong phy thudc vao thd ty céc khéa
trong tap tin nhap. Hay giai thich cau trd 15i cua ban.

. Phuong phap nao sé nhanh hon 330 vdi tap tin gbm cac khoa

bang nhau: sip x&p hodn vi c¢ 8 hay sip x&p co s0 trye tigp?

- Ditu sau day ding hay sai: ca hai phudng phap sép x&p hodn v

cd s8 va sAp x€p oo s8 tryc tiép sé kiém tra tat cA cac bit cla tat
ch cac khéa trong tap tin. Hay giai thich cAu tra 15i cia ban.

. Trif ra y2u cau vé by nhd bd sung, hay cho biét bat tién chinh

chia chién luge thue hidn phép sip co s6 tryc ti€p trén cic bit di
dau cla cdc khéa, roi tigp tuc biing phép sip chen sau dé.

Can ding bao nhigu bd nhd d€ thye hién mot phép sdp cd 56
tryc tigp 4-dudng cia N khéa b-bit?

Kifu nao cta tap tin nhap sé khién cho phép sip hodn vi cd s
chay cham nhat (d6i vai mot N rét 1on)?

10. Hay so sanh theo kinh nghiém phép sdp co s& tryc tiep vdi

phép sip hodn vi cd 58 dbi véi mot tap tin gom 1000 khéa
32-bit?
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Trong nhitu chuong trinh dng dung, cic mau tin o6 khéa phéi
duge xit 1y theo thd ty, nhung khong can thigt theo thd ty duge
shp hoan chinh. Thong thutng tap hgp mau tin phai duge tap
trung lai rdi x 1§ mau tin o6 kich thudc 16n nhat, lai tip trung
ti&p nhidu mau tin v x1¥ Iy trén mAu tin ldn nhat k& ti€p va aif tidp
tuc nhu vay. Mot ciu tric dd lidgu thich hgp trong mai trudng nhu
thé hd trg cho thao tic chén mdt phan t mdi va hay phan tf 16n
nhit. Mét ciu tric ngude lai véi hang dgi (hiy phan i ci nhat) va
ngan x&p (huy phan t mdi nhit) duge goi 12 hang dgi cé dd wu
tién, st dyng cdc phép gan dd uu tién thich hgp.

"Cac ing dung cia hang dgi c6 dd wu tign bao gdbm cac hé théng
md phong (cic khéa tuong tng véi “thdi gian cua bién cd” phai
duge xu 1y theo trinh ty); lich thue hidn trong hé may tinh (cac
khéa tudng ung vdi “dd wu tién” cho biét nguti ding nao sé duge
xi¥ Iy trude) va cac phép tinh s8 hoc (khéa c6 thé 1a 18i tinh todn
nén khdéa lén nhat s& duge thyc hién trudc tién).

Ching ta s& xem cach sit dung hang dgi o6 43 uvu tién la nén
tang cho cdc thuit todn cai tién & phan sau. Trong chudng 22,
ching ta s& phat trién mdt thuat toan nén tap tin 6 ding cac
chuong trinh trong chudng ndly va trong chudng 31 va 33, chiing
ta s& tim hidu xem céc hang dgi ¢t thé ¥ng dung mdt céch co ban
cho vai thut todn tim ki€m. Ciang c6 vai vi dy hang dgi déng vai
trd quan trong nhu 1A mot chng cu trong thidt k& he théng,

Cach thao téc trén hang dgi c6 dd wu tign thi chinh x4c hon vi
¢6 vai thao tdc ma ching ta cAn thyc hién trén hang doi 48 bao
quan ching va st dung chiing mdt cich o6 hidu qua cho cic ung
dyng nhu da d& cap & trén, Thyc ra 1§ do chinh ma hang dgi rit c6
ich 1a tinh linh d9ng cho phép céc thao tic khic nhau thuc hign riit
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hidu qua trén tap hgip cAc tap hgp mau tin cé khéa. Chung ta mudn
xAy dyng va bao quin mét cfu tric da litu chia cie mél tin c6 cic
khéa s6 v hd trg vai thao tac sau:

® Tao (construct} mdt hang ddi o6 dd vu tién gdm N phan ti
cho trude.

® Chen (insert) mdt phan t méi vao hang dgi c6 @b uu tién.

® Hily bd (remove) phan tif 16n nhit trong hang ddi 6 dd vu
tién.

e Thay th& (replace) phan t& 16n nhat biing mdt phan t& mdi
(trir khi phan t¢ mdi lén hon)

® Thay d3i (change) dd wu tidn cia mot phan tu
e Xoda (delete) mdt phan tif bat ky.

® Noi két (join) hai hang dgi ¢6 d¢ wu tién thanh mdt hang dgi
Idn.

(N&u cac mau tin 6 cdc khoa trung, ching ta s& lay “phan t
I6n nhat” nghia la méi tin ndo c6 gia trj khéa 1dn nhét)

Thao tic thay th& (replace) hau nhu tuong dudng véi chén
(insert) ™i mdi hly (remove) (khac nhau 1a cheén/hiy ddi hdi hang
dgi uu tien phat trién tam thdi bhng mdt phan ti): chd y 1a né
khac v6i thao tic hiy: roi méi chén. Thao tde nay gidng nhu mot
thao tac tach 1o, vi mdt vai cai dt cia hang dgi c6 do uu tien c6
th& thuc hién thao tic thay th& rit hidu qua. Tuong ty, thao tic
thay d8i (change) c6 thé duge cai dat nhu 13 thao tic x6a (delete)
rdi mdi chen va tao (construct) c6 thd duge cai dat bing cach st
dyng nhiéu [an thao tic chen, nhing nhing thao tic nay o6 thé cii
dat trye tisp 6 hidu qua hon khi bigt chon clu tric da lidu. Thao
tac ndi (join) y2u cau ciu tric di ligu cai tign € cai dat cé hidu
qua; ching ta s tap trung vao mdt cilu tric du litu “cd dién” goi
12 heap ma cho phép cai dat hidu qua nim thao tac dau tién.

Hang dgi c6 40 wu tién nhu da md tA & trén 1a mdt vi dy rét
hay v@ cdu tric di ligu tritu tugng (abstract data structure) nhu da
trinh bay & chudng 3: nd dinh nghia rit tot cac thao tac thyc hién
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ddc 1ap vi cach dif lidu duge t8 chic va xit Iy trong bt ky cai dat
ey thé nao.

Csc phuong phép ci dat khac nhau cia hing dgi o6 do wu tién
lidn quan d8n dic didm hoat ddng cla cic thao tic khic nhau, dau
tién la tdng chi phi. Thye vay, khac bigt vé thyc hign chinh ia khéc
bigt duy nhdt theo quan difm v& ciu tric df lidu tritu tugng.
Trudc hdt, ching ta giai thich quan diém nay bing cich tim hidu
mot vai ciu tric dd ligu oo ban d8 cai dat hang ddi o6 38 vu tidn.
K& tigp, chiing ta s& xem xét mt ciu tric di lipu ning cao hon va
cach thic cic thao tac khac nhau o6 thd duge chi dat hidu qua khi
ding cdu tric d ligu nay. Ching ta hiy 48 ¥ mdt thuat todn sip
x&p quan trong theo sau cic cai dat nay.

CAC CAl DAT CO BAN

Mot cach d2 t8 chic mdt hang dgi o6 40 vu ti2n ma tuong ty nhu
mdt xdu khdng cb thit ty 1a Iuu gid cac phan t trong mang a{1..N]
ma khdng cin chi ¥ d&n khéa. Vi vay tac khdng phai Ia thao tic
{no-op) cho cflu tric niy, nhung chén va hiy c6 thé cai dit nhu
sau:

procedure insert(viinteger);
begin N:=N+1; ofN]: =v;
end;

funciion removesinteger;
var j,maxinteger;

marx:=1;
for j:=2 to N do if ofj}>afmax] then max: =j;
remove: =afmax] afmax})- =af NI
N:=N-1;
end;

DE chén chi can tang N va dat phan t mdi vao a[N], day la
mdt thao tic o djnh. Nhung thao tic hiy can duy2t qua mang d8
tim phan t c6 khda 16n nhit, né c¢in thii gian tuy&n tinh (tat ci
cAc phan ti trong mang deu duge kidm tra), véi hodn vj a[N] véi
phian ti¥ c6 khéa 10n nhat vh gidm N. Chi dit cda thao tic thay thé
(replace) tudng ty nén ta bd qua.
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D& cai dat thao tic thay ddi (thay d6i do wu tien cda phan t&
trong afkl]), don gian c6 thé luu tri gia tri méi, con @& xé6a phan ti
trong afk], c6 thé hodn vj né vdi a[N] va gidm N xudng nhu trong
dong cudi cia thao tac hiy. (Nhéic lai tit chuong 3 la nhitng thao
tac nhir viy ma lién quan d&n cdc phan tr d ligu riéng Ie, chi c6 §
nghia trong chi djt “con trd” hay “gian tigp” ma trong 46 tham
chiu dugc bdo quan cho mdi phan ti vao vi tri hidn hanh trong
ciiu tric di lidu).

Mdt ciu tric od ban khic la sit dyng mdt xau cb th ty
{ordered list), diing lai mdt mang a[1..N] nhung gi® cic phan ti
theo thit ty khéa tAng dan. Thao tac hity lidn quan dén vide tra vé
a{N] va giam N, nhung thao tic chen lign quan dén vige chuyén
cac phan t 16n hon trong mang sang bén phai mot vi tri, thao tac
nay ¢an thoi gian tuyn tinh.

Bat ky thuat todn hang ddi c6 dd uvu tién ndo cing chuyén
thanh thut todn sip x&p bAng cdch dung thao tdc chin nhisu fan
dé xay dyng mdt hang doi o6 dd wu tien chia tit cA cdc phan t
duge sp, 16i diing thao tic hiy lién tuc 48 lam réng hang dgi 06 dd
uu tién dua vio cic phan t theo thy ty nguge lai. St dung mot
hang dgi ¢6 49 yu tién duge bifu dién nhy mdt xau chua sip thi ty
tudng Ung voi vidc sip bang phudng phap chon; sit dung xau c6
that ty tudng dng vai vide shp bing phuong phép chen.

Céac xau lién két cing c6 thé duge sit dung cho xAu chua sip
thd ty hay xau of thi ty thay vi cai dat mang & trén. Cau tric nay
khong thay d6i dic trung co ban cia cdc thao tac chen, hiy, thay
thé, nhung c6 thé thay ddi trong thao tic x6a va ndi két. :

Cac chi dat nay khong dua ra d day vi né tuong tyf vdi cdc thao
tac xAu o ban trinh bay & chuong 3, va vi cdc phép cai dat cha cic
phudng phép tudng ty ddi v6i bai todn tim kigm & chuong 14,

Théng thuiing, d@ nhd cic phép cai dat don gidn nay boi vi
ching thuong phé dung hon cdc phuong phép phic tap trong
nhieu truting hop thyc t&. Ching han, cai dat cia xau chua sép thi
txf thich hdp trong mdt ting dung ma chi can thuc hién vai thao tac
“huy phan tit Ién nh&t” d5i nghjch vdi mdt s& thao téc chen trong
khi mdt xau o6 thy ty 58 thich hgp néu cic phan ti¥ can chen ludn
©6 khuynh huéng gin v&i phan tif 16n nhit trong hang doi o6 dd i
tién,
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CAU TRUC DU LIEU HEAP

C#u tric di lidu ma ching ta sit dung dé hd trg cho thao tic hang
dgi c6 dd uwu tién lién quan dén vige luu trid miu tin trong mjt
mang, biing cich nay mdi khéa bao dam lén hon céic khéa & hai vj
tri xac dinh khac. Lan lugt, mdi khéa nay phai I6n hon hai khéa
nita, Thi ty nay rit dé thiy ndu ching ta dung mdt mang c6 ciu
trdc cay hai chiéu, nhu hinh 11.1 mdi khéa c6 hai dudng thing
xudng hai khéa kho hon.

Hinh 11.1 Biéu dién cay day du ciia mét heap

Nhic lai tit chuong 4 1a ciu tric nay duge goi la “cay nhi phan
day d4”; né c6 thé tao ra bing cach dat mot nit (goi la goc) va ti€p
tuc di xudng tit trai sang phai, lién két hai nit phia dudi, mdi nit &
muc trén, cho dén khi dat xong N nit, hai nit dudi mbi nit duge
goi la nit con clia né, nit & mic trén mdi nit goi la nit cha cia
né. Ching ta can cac khéa trong ciy théa dieu kign heap: khéa
trong mdi mit nén 16n hon hay bang cac khéa ciia nit con cia né
(néu c6). Chii ¥ la cay nay sé thé hién khéa 16n nhat & goc.

Chiing ta c6 thé bidu dién cay nhj phan day di bén trong mot
mang bang cach dat gbc & vi tri 1, con ctia né & vi tri 2 va 3, cic
nit muc k& & vi tri 4, 5, 6, 7, v.v... nhu céc s8 trong hinh 11.1. Vi
du nhu biéu dién mang cho cay d trén duge trinh bay & hinh 11.2

k Tud) 3y Sig IROBA I pEQERD

akl @OOCO®EEEE®®D

Hinh 11.2 Biéu dién mang cua heap
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Biéu dién ty nhién nay rdt o6 ich vi rit d& 18y d@ lidu & vj tri j
div 2 va ngugc lai, hai nit con clia mdt nit & vi trij st d vi tri 2j va
2j+1. Didu nay Iam cho vigc di chuyén trén ciu tric chy dé dang
hon ndu cay duge cai dat bing bidu didn lien k&t chudn (véi méi
phan tif chita mdt con trd dén cha va con cia né). Cau tric cia cly
nhj phén c6 di tinh linh déng d& cho phép cai dat cac thuat toan
hang dgi c6 49 wu tidn mot cach higu qua. Mot heap la mdt cay nhj
phan day da duge bidu dién nhu mat mang, trong 86 mdi niit théa
die¢u kién heap. Dc bigt khéa lén nhit ludn & vi tri dau trong
mang,

Tat ca cde thuat todn lam viee theo duding di tir gdc dén day
clia heap (chi di chuyén tit cha d&n con hay tit con dén cha). Rat dé
thily ditu d6, trong mdt heap gobm N nit, tit ca dudng di o6
khoang 1gN nit trén ching (c6 khodng N/2 nit & la, N/4 mit c6
con § l4, N/8 miit 6 chau & 14 v.v...) M&i “th& ha” o6 khodng nia s8
nit béing véi nit k& d6, c6 nghia 1a 6 nhitu nhat IgN th& ha. Vi
vy tit ci cdc thao tdc ctia hang ddi c6 dd wu tidn (trir Jjoin) can
thai gian logarit khi sit dung c#iu tric heap.

CAC THUAT TOAN TREN HEAP

Céc thuit todn v@ hang dgi c6 dd vu tien deu thye hign bang cich
trude tién o6 sy hidu chinh v& cfu tric ma o6 thé vi pham digu
kién heap, roi di chuyén trén heap d€ hidu chinh. dan dg théa dieu
kign heap moi noi. Vai thuat toan di lai trén heap tif cudi heap 1én
dén gbc, céc thuat todn khéc di chuyén tir gc xudng cudi heap.
Trong tit ca céic thut todn, gia thiét rhng cic m&u tin 1 céc khéa
s nguyen kich thuéc mot tit hru trong mot mang a o6 kich thude
toi da, cbn kich thudc hign hanh cia heap lwu trong s8 nguyen N.
Chi y 1a N Ia mdt bd phan djnh nghia cia heap gidng nhu khéa va
miu tin vay.

DE o6 thé tao mot heap, trude tien can cai dat thao tac chen. Vi
thao tic ndy sé tang kich thudc cia heap Ién 1, nén N ciing phai
ting. Vi th& vi pham tinh chit clia heap. N&u tinh chat heap bj pha
v3 (mit mdi ldn hon nit cha ciia 16, thi o6 thé hiu chinh lai bang
cich hodn vj nit méi véi nit cha cia né. Bidu nay [An lugt nay
sinh vi pham tinh chét cda heap va vi vy ti€p tuc hidu chinh
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Hinh 11.3 Chén mét phan i méi (P) vao heap

tuong ty nhu trén. Vi dy, néu P duge chén vao heap & trén, trudc
h&t luu né trong a[N] nhu 1a con phai cia M. K& d6, hoan vi né véi
M vi n6 16n hoen M, va hodn vi vdi O vi P 16n hon O, vA qué trinh
vin két thic vi né hon X. Cau tric heap 6 k&t qua trong hinh
11.3.

Doan méa chuong trinh cho phuong phdap nay rit don gidn.
Tmng chi dat sau day, thao tdc chen ding d& them mot phan ti
mdi vao a[N], roi gr,n thi tuc upheap (N) dé hi¢u chinh sy vi pham
tinh chat heap tai vj tri N:

procedure upheapik:integer);
var v:integer;
begin
v, =alk}; of0]:=maxint;
while ofk div 2]<=v do

begina/k]' =afk div 2} k;=k div 2 end;

alk] = v;
end;

procedure insert(vinteger);
begin .
N:=N+1; of N]:=v; upheap(N);
end; :

Néu k div 2 thay biing k-1 & b4t ki dau trong chuong trinh,
chiing ta s& o6 mdt budc sdp bing phudng phap chén (chi dat mdt
hang d¢i c6 43 wu tién bang Xau sip thi ty), nhung & day ching ta
sé& “chen” phan tit mdi doc theo duong d&i tit N lén dén goc. Gidng
nhu phuong phap sdp chén, khdng can phai hodn vj tit ca trong
vong lap, bdi vi v la bign trong phép hoan vj, mdt khéa cAm canh

phai dat d a[0] @8 ngung vong lap trong trudng hgp v 16n hon cdc
khéa trén heap.
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Hinh 11.4 Thay thé phén tit lén nhét trong heap (bing C)

Thao tac thay thé litn quan d&n vite thay th& & giic bing mbt
khéa mdi roi di chuyén tir gc xubng cudi heap @& phyc hbi tinh
chit heap. Chéng han nhu n&u X trong heap trén thay biing C,
budc dau tién 1a lue trd C & goc. Didu nay s8 vi pham tinh chat
heap, nhung o6 thé digu chinh bang cich hodn vi C véi T, 1a niit
16n hon trong hai mit con cia gc. Lai tigp tuc vi pham tinh chit
heap nita & muic k&, nén phai hodn vi C v6i nit 16n hon trong hai
niit con c¢la né (trong truding hop nay Ia S). Qua trinh ti€p tue cho
dén khi tinh chét ciia heap khdng con vi pham nita. Trong vi du, C
tac cho né mot dudng di dén cudi heap va dua ra mdt heap duge
trinh bay & hinh 11.4.

Thao tac “hdy phan ti I6n nhit” lien quan d&n qua trinh gitng
nhu viy. Bai vi heap sé cit bdt mdt phan ti sau khi thao tac, nén
cn gidm N, khong e6 chd nao danh cho phan ti luu & vi tri cubi.
Nhung phan ti 16n nhét (nAm trong af1] sé bj hiy, vi th® thao téc
hiiy s& chuyén thanh thao tac thay th& cho né phan ti nim trong
a[N]). Heap dugc trinh bay & hinh 11.5 1a k&t qua clia vide hiy T
khoi ciiu tric heap & hinh 11.4, bing cch thay th& né vai M, roi di
dan xung dé dua phan td 1dn hon trong hai con cla né 1an, cho
dén khi dén mdt mit c6 hai con nhd hon M.

Cai dat cuia hai thao tic ndy xoay quanh qua trinh higu chinh
heap ma ludn théa tinh chat heap moi ndi ngoai trir § géc. Néu
khéa & gbc qua bé, phai chuyén né xudng ma khong vi pham tinh
chét ciia heap & bdt ky nit nio ma né d&n. C6 nghia la cing mot
thao téc c6 thé skt dyng d& hidu chinh heap sau khi gi4 tri nhé hon
& bat kiv vi tri ndo, C6 thé cai dat nhu sau:
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procedure downheaptk:integer);
label 0;
var ij,uinteger;
begin
while k<=N div 2 do
begin
Ji=kvR;
it j then if ofjlafj+ 1/ then j:=j+1;
if v=afj] then goto 0; ofk}:=afj]: k:=};
.end;
O:afkf-=v
end;

Thu tyc nay [an xudng trong heap, hoan vj niit 6 vj tri k vdi
nit 16n hon trong hai nit con néu can va ngung khi nit & vj tri k
lon hon hai mit con hay khi d&n cudi heap {chu y la ddi véi nit & vi
tri k o thé chi cé mdt con: trudng hgp nay phii xid 1y thich hgp).
Nhu trén, khing can mdt hoan vi day dd vi v ludn lign quan d&n
vigc hodn vi. Vong lip bén trong cia chutdng trinh nay la mét vi dy
cia vbng lap thyc sy 6 hai diém thodt khac nhau: mdt cho trutng
hgp dén cudi heap (nhu trong vi dy tren), va mot cho truting hop
théa tinh chat heap & vj tri ndo d6 trén heap. Cé thé tranh lénh
goto, trong vai trudng hdp thi s& r6 rang hon.

Cai dat cia thao tac hdy F mdt ing dung tryc tigp cla tha tuc
trén:

function remove:integer;
begin
remove:=af1}: of 1} =afN{: N:=N-1; downheap(1);
end,

Hinh 11.5 Huy phén tf lon nhét trong heap
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Gia tri tra vé duge khdi dong tir a[1] vh sau dé phan ti trong
a[N] duge gin cho a[1] va kich thude cla heap®gidm xuéing, chi o6
mdt lénh goi downheap dé higu chinh tinh chét cda heap.

Cai dat caa thao tdc thay thé phiic tap hon mat chit:

function replace(v:integer)integer;
begin
of 0 =v; downheap(0}; replace: =of 0}
end;

Boan ma nay dung a{0] nhu sau: con cia né 1a 0 (chinh né} va
1, vi thé néu v Idn hon phan ti 16n nhat trong heap, khong can
dung dén heap ; mat khac dat v vao trong heap, va tra vé a[1].

Thao tdc x6a mot phan ti bt ki ra khoi heap v thao tic thay
ddi cing can cai dat bang céch lign k&t cac phuong phap & trén.
Chéng han, nu tang dd wu tién cia phan tir tai vi tri k, thi goi
upheap(k) v ngude lai goi downheap(k)

TINH CHAT 11.1. Té cé céc thao téc co bén nhue: chen, hiy,
thay the, (downheap va upheap), xéa va thay déi can it hon 2IgN
lan so sGnh trén mot heap co N phin #.

Tat ca céc thao tdc nay lign quan d&n vige di chuyén doc theo
duting tir gbc dén cudi heap cin khong nhidu hon 1gN phan ti cia
mbt heap c6 kich thuéc N. Downheap can hai [an so séanh trong
vong lap clia nd, thao tac khac chi can 1gN [an so sanh.

Chid ¥ riing thao t4c join khong ban dén trong xau nay. Thao
tac nay dudng nhu cAn cdu trde di ligu phide tap hon. Mat khac,
trong nhidu ung dyng, thao tac nay duge dung it hon cic thao tic
khac.

HEAPSORT . _

(phuong phap sap xép ding heap)

Mot phuong phap shp xép hidu qua c6 thé xse dinh dua vao cac
thao tdc heap cd ban & trén. Phuong phdp nay goi la sip x&p ding
heap (heapsort) né khong chi€m dyng thém bd nhd va bao dam sip
M phan td can khoang MlogM bude bit chéip di ligu nhap. Bat tién
la vong 1ap bén trong dai hon vong 1ap bén trong clia Quicksort va
trung binh cham hon Quicksort hai [an.
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Hinh 11.6 Céu triic cua heap tir trén xudng (top-down)

Tu tudng la tao mdt heap chia cic phan ti duge sip roi hiy
ching theo thit ty. Trong phan nay, N vén la kich thudc cia heap
vi thé chiing ta sé sit dung M cho s& phan ti da duge sip. Mot cich
dé sip la cai dat thao tac tao bing cach thyc hién M thao téc chen,
nhu trong hai dong dau cla doan chuong trinh sau, r6i thyc hién
M thao tac huy: )

N:=0;
for k:=1 to M do insert(alk]);
for k:=M downto 1 do af/k]:=remove;
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Hinh 11.7 Sap xép tir mét heap

DPoan ma nay sé pha v3 cac qui luat cta ciu tric da ligu tritu
tugng bang cich gia thi€t mot bidu dién dac biét cho hang dgi c6 dd
tu tign (trong sudt vong lip, hang dgi c6 do uu tién ton tai trong
[1..k-1]) nhung rét hgp ly dé thyc hién diéu nay vi ching ta dang
cai dat mot phuong phép sip x&p, khong cai mot hang dgi c6 d wu
tien. Cac thu tyc hang dgi ¢6 do wu tién chi dung cho cic myc dich
md té; trong cdc phép cai dat phuong phap sip thyc sy, ching ta
si dung doan ma chudng trinh tir thi tyc dé tranh cac lenh goi
thi tuc khdong can thiét.
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Hinh 11.8 Cdu tric cua heap tir duwsi 1én (bottom-up)

Hinh 11.6 cho thay heap duge tao khi chén cic khéaASORT
INGEXAMPLE theo thi ty nay vao mdt heap duge khdi tao
rong, va hinh 11.7 cho thiy cédc khéa nay duge sap bang cich huy
X, roi hay T, v.v...

Tao mot heap bang cich di ngude trd lai thi tot hdn, tao céc
heap nho tit cudi heap lén, nhu da trinh bay & hinh 11.8. Phuong
phap nay trinh bay cic vi tri trong mang nhu la goc cua cac heap
nho va lgi dung tinh chit nay la downheap sé thyc hién trén céc
heap nhd nhu heap 16n. Thyc hign huéng nguge lai trén heap moi
niit la géc cia heap c6 sip thi ty ngoai trit géc; downheap hoan tat
cdng viée thyc hién (khéng can lam gi ca d6i v6i heap c6 mdt phan
t, vi thé viéc duyét trén mang chi thyc hién nia duong).

Chiing ta luu y ring thao tac hiy c6 thé cai dat bang cach hoan
vi phian ti dau va cudi, giam N, va goi downheap(1). Diéu nay dua
dén phép cai dat sau ciia Heapsort: '

procedure heapsort;
var k,t.integer;
begin
N:=M;
for k:=M div 2 dgwnto I do downheap(k);
repeat
t:=a/1]; a[1]:=a/NJ; o/ N]:=t;
N:=N-1; downheap(1);
untu N<=1;

end;
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Hai dong dau tién cia doan chuong trinh nay cai dat
construct{M: integer) dé tao mot heap gomi M phian t& (nhu phan
vita trinh bay, cdc khéa trong a[(M div 2)+1.M] tao thanh cdc
heap, mbi heap mdt phan 1, vi th€ ching théa tinh chat heap va
khong can kidm tra). Mac di cic vong Bip trong chuong trinh Ay
thye hign khic nhau, nhung ching duge tao trong cung thu tuc co
ban. :

Hinh 11.9 trinh bay vigc luu chuyén di ligu trong Heapsort
biing cich cho thdy ndi dung cia mdi heap dang thao tic bang
downheap ciia vi du sip x&p nay, chi sau khi downheap gi tinh
chit heap théa moi noi.

TINH CHAT 11.2. Tao heap iz dudi Ién con thoi gian fuyén
tinh

Tinh chét nay duge khing djnh 1a do da s8 céc heap xu ly deu
nhé. Chéng han d€ tao mdt heap gom 127 phan ti, phuong phap
nay goi downheap trén 64 heap o6 kich thudc 1, 32 heap o6 kich
thude 3, 16 heap c6 kich thude 7, 8 heap o6 kich thuéc 15, 4 heap
6 kich thudc 31, 2 heap c6 kich thuée 63, va 1 heap ¢6 kich thudc
127,vi vay tdng cdng can .

640+ 321 + 162 + 83 + 44 + 25+ 1.6 =120

fan “ddy” (béing hai Iin so sinh) trong truting hgp xau nhit. Vi
M = 2™ mjt chan trén cla s8 [an so sanh la:

2 (k—1)2m~k = 9om_pn. 1 <M

lgksm
va ching minh tuung ty khi M khong la liiy thita cia 2.

Tinh chit nay khéng quan trong déi véi Heapsort bdi vi thai
gian vAn ocbn trdi hon béi MlogM fan danh cho sép x&p, nhung lai
quan trong déi véi cac ing dung dung hang dgi o6 d¢ wu tien khac
ma thao tac tao dua ra mdt thuat toan ding thyi gian tuyén tinh.
Chi ¥ 1a tac mdt heap ¢6 M thao téc chén can MlogM budc trong
truong hop xfiu nhét (du thoi gian trung binh la tuyén tinh).

TINH CHAT 11.3 Hegpsort diing it hon 2MigM so sinh dé
stip M phan

Chan trén 3MIgM duge suy tryc tiép bt tinh chat 11.1. Chan
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chat 11.2.
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cac phuong phdp ma ching ta da thdy, khong c6 da lidtu nao &
“trudng hgp x&u nhit” Jam cho Heapsort chay cham hon.

Hinh 11.10 va 11.11 cho thiy Heapsort lam viéc trén mot tap
tin c6 thi ty nghu nhién 16n hon. Trong hinh 11.10 qua trinh
dudng nhu khong c¢6 sip x&p vi phan ti 16n mhét dang chuyén dan
vé dau tap tin. Nhung hinh 11.11 cho thdy cfu tric nay duge luu
git nhu tap tin dugc sép bang céich trich cac phan ti 16n nhit ra.
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Hinh 11.11 Sdp xép heap cho mét hodn vi ngéu nhién: giai doan sdp xép.
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CAC HEAP GIAN TIEP

Trong nhleu ing dung cua hang dgi 6 dd wu tién, ching ta khong
can cdc miu tin phai di chuyén di dau ca. Thay vi vay, chiing ta
can chuong trinh hang 4gi ¢6 do vu tién khong tra vé gia tri ngoai
trir cho biét mAau tin nao la mAu tin 16n nhat v.v.., gan véi quan
di€ém. “sp gian ti€p” hay “sip dung con trd” dugc trinh bay ¢
chuong 8. Stta ddi cac chuong trinh trén dé€ thuc hién theo cich
nay la rdt dung cho du ddi khi gay nén lan 1on. Viec kiém ching
dieu nay chi tiét hon & day la nén lam do rit tién st dung heap.

Nhu ¢ chuong 8, thay vi sip x&p lai cac khéa trong mang a,
chudng trinh hang dgi c6 dd uu tién s& thuc hién véi mot mang p
phan ti bén trong mang a sao cho a[p[k]] la mdu tin tudng dng vdi
phan t& thi k cla heap véi k nim gita 1 va N (ching ta van tiép
tuc gia thiét cAc mau tin c6 khéa mét tit nhu & chuong 8, mot tién
lgi co ban d& ma c6 thé chuyén sang cidc mAu tin va khéa phic tap
hon). Hon nda, ching ta ¢an dung mot mang q dé gii vi tri heap
cla phan td thi k cia mang. Day la cd ch& cho phép thao tac thay
ddi va x6a. Vi vay dau vao cua q cho phan td 16n nhat trong mang
la 1 va cf nhu vay ti€p tuc. Ching han, néu ching ta mudn thay
ddi gia tri cua a[k] ching ta c6 thé tim vj tri heap cta né trong
q[k] va dung upheap va downheap. Hinh 11.12 cho thdy cac gia trj
trong mang nay trong vi du dang xét, chi y la plq[kll=q[plkll=k
d6i vai k co gia tri tir 1 dén N.

k 1 2 3 4 5 6 7 8 9101112131415

it} ®OOPAPOPMOEOIAR®O®

plk] 10 513 4 2 3 7 8 9 11112 61415

apirl ®OEPA®OOPAEOADAOO®

gkl - 10 5-6 -4 213 7 8-9 1-H12-3 415
Hinh 11.12 Cadc cdu triic dit lidu heap gian tiép

Chiing ta bat dau véi p[kl=q[k]=k tir 1 d&n N ma ching to la
khong phai thyc hién sp x&p gi ca. Doan ma chuong trinh cho ciu
tric heap rit giong nhu trude day:
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procedure pgeonstruct;
var k.integer;
begin
N:=M;
for k=1 to N do
begin
plri=k; gfkl=k
end,
for k:=M div 2 downto ! do podounheap(k),;
end,;

Chiing ta s& dinh trudc cai dat chudng trinh hang dgi c6 dod wu
tién dva vho heap giin ti€p o “pq” chi danh khi diung ching &
chudng sau.

Bay gi d8 sua doi thu tye downheap dé lam vige mét cich gidn
ti€p, ching ta chi can kifm tra ndi ma né tham chidu a. G noi ma
n3 da thyc hién mot phép so sanh trude dé, né phai truy xudt gian
ti€p a nhy vao p. U noi ma né da thyc hién mot phép di chuyén
trude dé, né phai di chuyén trong p, cht khéng phai a, va né phai
sita doi q mot céch tuong ung. Didu nay din dén cai dat sau Cay:

procedure pgdownheap(kinteger);

label 0;

var j, vinteger;

begin

vi=piki;

while k<=Ndiv 2 do
begin
Ji=k+k;
if j<N then if afp{jli < ofplj+ 1}/ then j:=j+1;
if a/v/=a/p{j]] then goto 0; p/k} =plj}:
giplill-=k; k:=j;
end;

0: plk]=v; glv) =k,

end;

Cac th tuc khdc néu & trén cé thé sia ddi theo cach tuong ty
dé cai dat “pqinsert”, “pqchange”, v.v...

Mot phép chi dat gian ti€p tuong tu c6 thé phat trién dya trén
duy tri p nhu mt mang céc con trd trén cdc miu tin duce dinh vi
riéng. Trong trudng hgp nay, mit cong modt chit & cai dat ham g
(tim vj tri heap cho mAu tin ¢an tim)
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CAC CAI DAT CAI TIEN

Néu thao tic néi k&t thyc hién hiéu qua, thi chi dat ma ching ta da
thuc hién khong @4 v c¢An nhidu k¥ thu#t cai tién hon. Mac db
ching khong tap trung vio cic chi ti€t cia phuong phap nay,
chiing ta vAn ¢4 vai nhan xét trong phan thist k&,

Thao tac ndi k&t nén thyc hign tdn khoang thdi glan bing vdi
céc thao tac khdc. Digu nay hinh thanh bigu digén khong o6 dau ndi
cho heap ma ching ta dang s dung, vi hai heap l6n c6 thé bing
cich chuyén tit cA cdc phan i it nhat td mdt trong hai heap vao
mét mang lén. Thyc sy thi d& dang dua thuit toan ma ching ta
dang kiém tra d& si dung bi€u dién sy k&t ndi. Doi khi o6 cac 1y do
khic d€ thye hign (chding han, rit bit tign 48 s dyng mot mang
lién tyc c6 kich thudc 18n). Trong bidu dién ndi két tryc tiép phai
git trong mbi nut tro dén ca cha va 1an con.

Diéu kién cia heap hinh nhua qud manh dé cho phép cai dat
higu qua thao tac néi két. Cau tric da lieu nang cao duge thist k&
dé giai quyst van de ray la tit ca cdc ciu tric y&u hon hojc la digu
kién cAn bang theo thi ty dé cin c6 tinh linh dong cho thao tac nbi
két. Cau tric niy cho phép tit ca cdc thao tac hoan tat theo thoi
gian logarit. '
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BAI TAP

1. Ve heap c6 duge khi cic thao tac sau duge thyc hién trén mat
heap rong ban dau: insert(10), insert(5), insert(2), repiace(4),
insert{6), insert(8}, remove, insert(7), insert(3)

2. Mot tap tin sip theo thit ty nguge o6 phai 13 mdt heap khong?

3. Hay cho heap duge tao bdi vige 4p dyng lién tigp phép chen trén
cic khéa EASYQUESTION.

4. Cac vi tri nao cd thé bj chi¥m bdi khéa nhd thit ba trong mat
heap kich thude 32. '

5. Tai sao khong dung mdt bign cam canh d€ tranh phép kiém tra
j<N trong downheap?

6. Hay minh hoa lam th& nao 4€ nhan duge cac ham cia ngan x&p
va hang dgi chuin nhu la trung hgp dac bigt cia cac hang dgi
cé uvu tién.

7. 86 khoa t3i thidu phai duge di chuyén trong mot thao tc “hiy
cl l6n nhé&t” trong 1 heap la baoc nhigu? Hay vé 1 heap o6 kich

.....

thude 15 ma s toi thidu dat duge.
8. Viét mot chvong trinh d€ x6a phan ti & v tri d trong mét heap.

9. Hay so sdnh theo kinh nghiém viec xay dyng heap tit dudi lén
vdi viée xay dyng heap tit trén xudng, bng cich tao cic heap
vdi 1000 khaa nghu nhien.

10. Hiy cho ndi dung clia mang q sau khi pgconstruct duge diing
tréncackhéa EASYQUESTION,
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Trong chuong 9 ching ta da tim hiu thao tac chon, tim phﬁn
tit nhé nhit tha k trong tap tin. Ching ta da thiy vise chon gan
g'léng vdi viéc chia mdt tap tin thanh hai phan, k phan tit nho nhat
va N-k phéan tif 16n nhat. Trong chucng nay ching ta xem xét mot
qua trinh b3 sung cho né, trdn (merging), thao tac néi hai tap tin
dudc shp thanh mot tap tin dUQC sép 1dn hon. Nhy ching ta da
bigt, tron la thao tic cd bén cla thut todn sip x&p dé quy.

Chon va trdn la cic thao tac bd sung 1An nhau, ¢é nghia 1a chon
chia mét tap tin thanh hai tap tin doc lép va trdn 5 hgp hai tap tin
nay thanh mot tap tin. Quan hé gidta céc thao tic nay ciing dé thay
néu ta thd 4p dung hinh thic “chia dé tri” dé tao mot phuong
phap sap x&p. Tap tin cling o6 thé sip x&p lai dé cho khi sfip xong
hai phan thi toan bd tap tin s& sip xong hay phan thanh hai phan
da dugc sip 10i néi lai dé tao thanh mét tap tin dugc sip tron ven.
Ching ta da xem ditu gi xay ra trong thé hien dau tidn: d6 1a
Quicksort, co ban né chita mdt thi tuc chon, theo sau 1A hai thi
tuc dé quy. Dudi day chiing ta sé xem Mergesort, mbt b3 sung ciia
Quicksort trong d6 chita hai 12nh goi d& quy, theo sau 1a mot thd
tuc tron.

Sip x&p bang tron, gidng nhu sAp x&p bang heap (Heapsort) cb
tién lgi 1a né shp mot tip tin gom N phan ti can thoi gian ti 18 vai
NlogN ngay ca truong hgp xfu nhat. Bat 1gi cla shp x&p bing tron
14 b) nhd can ding thém ti 1¢ vdi N, trit phi ta cf ging khic phuc
khé khan nay. Chitu dai cha vdng lap bén trong ¢ khoang gita
clia Quicksort va Heapsort, vi thE Mergesort la ing e vién ning
ky néu iy toc d¢ lam mat manh, dac bigt néu o6 sin chd tréng
danh riéng. Hon niia sip x&p bang tron cb thé cai dat duge sao cho
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né truy cip di lidu oo ban theo phuong phap tuan ty (h&t phan ti
nay d&n phan td khac) va digu nay ddi khi la ot thuin lgi 16 rang,
Chéng han, sép biing trén ia phuong phap chon lya dé sfip mot xau
lien k&t do truy xuft tun ty Ja hinh thic truy xust duy nhat.
Tuong ty, xem trong chuong 13, tron 1a phuong phap co ban d&
sAp trén thiét bj truy xuat tuan ty, diu cho cdc phuong phap sit
dung trong tinh hudng khic vdi cdc tinh huéng st dung cho sip
bing tron.

TRON

Trong nhidu moi truting xd 1y di ligu, mdt tap tin di lidu 1dn (da
duge sip) duge duy trl cing véi céc dau vao méi duge them mot
cach thuting xuyén. Dign hinh, mét s§ dd lidu nhap méi duge ndi
vao cudi tap tin chinh va toan bd tap tin phai dugc sép lai. Truong
hgp nay din dén ¥ tudng la phai xay dyng mdt chidn luge d& sap
mét 16 cac di liéu nhép, roi trin né vao tap tin chinh. Trén cé
nhieu Wng dung tuong ty khac rit dang d& tim hidu. Ching ta
clipg tim hiéu mot phudng phap sép x8p dya trén tron.

Trong chudng nay ching ta sé tap trung xét cic chuong trinh
dé tron-hai-duding (two-way merging): ciac chudng trinh ndi hai
tap tin nhap da duge sdp thanh mot tap tin xuit da duge sip.
Trong chuong k&, chung ta s tim hi€u chi ti&t & tron-nhieu-dusng
(multiway merging) khi ¢6 nhiéu hon hai tip tin duge sip (ing
dung quan trong nhat ctia vigc tron bing nhidu duong 1a sép x&p
ngodi, chi d& chinh cfia chuong d6).

Gia sd ching ta c6 hai mang s§ nguyén da sip a[l.M] va
b[1..N] ma ching ta cin tron thanh mot méng thi ba c[1..M+N].
Sau day la cai dat truc ti€p cta chin hge lam sac chon cho ¢ cdc
phan tir nhd nhit tira va b:
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ir=I; j:=1;
aM +J1 l=maxing; N+ 1}:=maxint;
for k:=1 to M+N do
if ofi] < bj)
then begin c/k}=afi}: i:=i +1 end
else begin c/k/:=b/j} j: =i+ end;

Bon gidn hod chi dat bing cach tao chd tréng luu tri trong
mang a va b cho cic khoad ¢am canh o6 cic gid tri lén hon cac khoa
khéc. Khi mang a (hay b) can, vong lap chi don gian chuyén phan
con lai cda b (hay a) vao mang c. Phuong phap nay di nhign ding
M+N Ian so sinh. N&u a[M+1] va b[N+1] khéng diung duge cho
khod cam canh thi ¢an kiSm tra d8 chic chén 1a i ludn nhd hon M
va j ludn ludn nhé hon N. Cach khéc dé tranh duge khé khin nay
& duge ding dusi ddy cho ban cai dat cua Mergeshort.

Thay vi ding thém chd tréng ti & vdi kich thude cia tap tin
cAn trdn, ta mong mudn 6 mot phuong phip tai-chd (in-place),
dang c[1..M] cho mat dau vao va c[M+1.M+N] cho mét cai khae.
Dau tién rat khé khang dinh la dleu nity c6 thé thyc hign dé dang,
va cic phudng phap nhy vay sé ton tai, nhung ching thi qud phic
tap ma ngay ca mot phép sip x&p tai ché rét o6 thé s la higu qua
hon trir phi ta quan tam dén ching that nhitu, Chiing ta s8 quay
lai véin d nay dusi day.

Vi cn them chd tréng cho cai dat thyc t£ nén ching ta chon
cai dat bang xau lign ké&t. Thye sy, phuong phap nay rdt thich hop
véi xau lien két. Mot cai dat day dd minh hoa tat ca cie quy ude
ching ta & sit dyng, chi y la doan chuang trinh danh d& tron thye
sy ciing don gian nhu doan ma & trén:
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type link =1 node;
node = record key:integer; next: lmk end;
var {z:link;
N:integer;
function merge (a,b.link):link;
var c:link;
begin
=2
repeat
ifat key <= bT key
then begin c next:=aq; ¢:=a; a:=q ! .next end
else begin ¢ T next:=b; c:=b; b: =b1 next end
untilcet, key = maxint;
merge:=z1 next; 21 .next: =2

end;

Chuong trinh ndy tréon xau doa trd &n véi xau do b tro dén,
véi sy trg giip cla con iro ¢. Cac danh sich duge g'la thiét 1a ¢6
nit “dudi” (tail) nhu da trinh bay & chudng 3: tit ca céc xau kit
thic bing nit z, thong thudng nit nay tré d&€n chinh noé va cing
o6 vai trd nhu mét linh canh, véi z' k = maxint; Tmng lic tron,
st dung z 48 luu dau clia xAu mdéi tron (tuong ty véi chi dat cta
readlist) va c tro d&n cudi xdu mdi tron (ndt o6 trudng lidn két
phai duge thay ddi dé thém mot phan td méi vio xau). Sau khi xay
dyng xong xau trdn, con tro d&n nit dau tién cla né duge My tif z
vi z duge dat lai d& trd d8n chinh né.

So sdnh khéa trong khi trén bao gom ca trutng hop bang nhau
a8 cho viéc tron én dinh, néu xau b duge xem nhu theo sau xau a.
Dudi day, ching ta sé théy tinh &n dinh nay trong qué trinh tron
6 lién quan d&n tinh &n dinh trong céc chudng trinh sAp xép c6 s
dung trdn la nhu the nao.

o L34 n
SAP XEP TRON
(Mergesort)
Mot khi ching ta c6 mét thi tyc trdn, thi sé khamg khé khan gi dé
diing né nha mdt cdi nén cho mjt th tue sﬁp de quy. D& shp mdt
tap tin cho trude, ta chia né ra lam hai, sip x&p hai nifa nay (mot
cach dé quy), sau d6 trdon hai nida nay lai véi nhau. Ban chi diit sau
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day cua ti#n trinh nay sip x&p mét mang a[l..r] (ding mot mang
phu trg b[l..r]):

procedure mergesori(l,r:i nteger);
var Ljkminteger;

n
if ! > 0 then
begin
m:=(r+1) div 2;
mergesort(l,m); mergesortim+1,rj;
for i.=m downto! do bfi} =qafi}:
for j:=m+11iordo bfr+m+ Ljl=afj]
for k:=l tor do
if bfi] < bfj]
then begin ofk [ =b/i Fi:=i+lend
else bepin afk} =b(}]: j:=j-1 end;
end;
end;

Chuong trinh nay quéan ly vigc tron khong can o6 linh canh
bang cach sao chép mang thd hai vao vi tri “back-to-back” véi
mang thd nhat, nhung theo thy ty nguge. Vi vy mdi mang 6 vai
trd nhu céc linh canh cho mang kia: phan ¥ 16n nhat (trong mang
nay hay mang kia) gitt cho cac phan ti di chuyén mdt cach thich
hgp sau khi hét mang kia trong khj tron. Vong lap bén trong caa
chifong trinh nay kha ngén (chuyén sang b, chuyén nguge sang a,
tang i hay j, tang va kiém tra k) va cé thé nit ngéin hon bang cach
dung hai ban sac (mot d€ tron tir a vao b va mdt d€ tron tir b vao

funetion mergesortfc:link J:link:;
var ab:link;
begin
if ¢t next = z then mergesorst: =c else
begin
a=c; bi=ct next; b:=b ?.next; b=b ?.next;
whileb< >z do
begin c:=ct.next b:=6" next end;
b.=c.next: eV .next: =z
mergesort: =merge(mergesort(a), mergesort(h));
end;
end;
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Hinh 12.1 Sdp xép tron dé quy
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a), mic dit didu nay s& can phai quay trd lai phan ti linh canh.

Tap tin chita cac khoa vi dy duge x& ly cha ching ta duge
minh hoa & hinh 12.1 trang sau. Méi dong cho thay két qui cua
lenh goi tai merge. Trude hét ta tron A va S d8 o6 A S, roi tron O
vaR d8 6 O R va dung ching v6i AS d8c6 A O S R, Sau d6 chiing
tatron IT voi G N A8 c6 G NI T, va tron ching véi AOR S dé 6
AGINORST, ... Vi vy phudng phap nay tao d2 quy tit cde tap
tin da sép c6 kich thude nhd thanh cic tép tin 1dn hon.

L nr A R ~
SAP XEP TRON BANG XAU
(List Mergesart)
Qué trinh nay lién quan vita di dén viee di chuyén d ligu ma dai
vOi n6 cing cAn xem xét dén mdt bidu dién xau lign kat, Chuong
trinh sau la mdt chi dat 42 quy tryc tigp cla chice ning mi né
nhan vao mjt con trd trd téi mét xau chua duge sip va trd vé gid
trj Ia mot con trd trd t&i mot phién ban cla xau da duge sép.
Chuong trinh thyc hign bang cach sip x€p lai cic mit cia xau:
khong can céip phat mdt nit tam hay xau tam nao. (Tien lgi khi
truyén cho chudng trinh dé quy mét tham s3 la dd dai xau; cach
khic 1a c6 thé chia dp dai nay vio trong xau hay chuong trinh cs
thé duygt xau dé xac dinh 4% dai ciia né).

Chuong trinh nay sip x&p bing cach chia danh sich do ¢ trd
dén thanh hai nita do b va a trd dén, sip x&p hai nia nay bing dg
quy r0i tron dé cho ra két qua cudi cing, Chuung trinh nay theo
quy udc Ia tit ca cdc xAu két thic biing z (va xau b cling vay), va
enh tubng minh ¢t next:=z s& dat z & cudi xau a. Chuong trinh
nay thit dé hidu trong dang dé quy mac du thye ra 16 1a mot thuat
todan kha tinh vi.

oL nt e ” 5 , ~
SAP XEP BANG TRON TU DUOT LEN
(Bottom-up Mergesort)

Nhu da ban trong chuong 5, mdi chudng trinh de quy c6 mbt
ban chuyén ddi khong d& quy, mic din tuong duong, nhung o6 thé
thyc hign cdc phép tinh theo thit ty khéc nhau. Sép xép bing tron
thye sy 1a mdt nguyén miu (prototype) ciia chidn huge “hop dé tri”
(combine and conquer) ma né dic trung cho nhigu tinh toian nhu
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Hinh 12.2 Sdp xép trén khéng dé quy
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vay, va ddng nghién cdu cic ban cai dat khong d quy cia né mbt
cach chi tiét.

Phién ban khéng d¢ quy don gidn nhét cia shp béing trdn xit Iy
trén tap hdp cic tap tin khdc nhau theo thd ty: trude hét duyat
xAu, thye hign vige tron 1 véi 1 d€ cho ra xAu con 6 kich thude 2
duge shp, sau 46 duydt xau, thyc hign vige trin 2 vdi 2 € cho ra
xAu con o kich thude 4 duge sép, 16i lai thye hign céc phép tron 4
v6i 4 € o6 x4u con kich thude 8 duge shp, ... cho d&n khi toan b
xéu da duge sfip xong,

Quan trong can Iuu ¥ 1A cic phép tron thuc sy duge tao bai
phuang phép “dudi 1én” nay deu khong gidng nhu cse phép trén da
dudc thyc hign bdi cic cai dat d2 quy & trén. Hay xem qu4 trinh
sip 95 phan t& & hinh 12.3. Lan tron cudi ciung la 64 tron 31,
trong khi trong phép trjn d¢ quy thi né 1a 47 trin 48. Tuy nhidn
c6 the sAp x&p sao cho cdc day tham gia tron trong hai cach deu
giéng nhau, cho dit khong c6 Iy do cy thé nao a8 lam nhu vAy cA.

Mot cai dat chi tiét cia tiép can tir dudi lén, ding xau lién kst
duge cho dudi day:

function mergesort (c:link):link;
var a,b,head todo,t:link;
L, Ninteger;
begin
N:=1; newthead); head  nexe: =¢;
repeat
todo: =head ! .next; c:=hcad,
iepeat
t:=todo; a:=t;
fori:=1toN-1do¢=¢t .next;
b=t .next; ¢ t next: =z t=b
fori:=1toN-Idot:=t" nexs
todo:=¢ 1 next: tonext: =z ¢! next: =mergef{a,b);
fori:=1to N+Ndoe;=ct next
until fodo = z;
N:=N+N;
until a=head ! .nexz;
mergesort: =head ! next
end;

Chuong trinh nay ding mét nit “dau xau” (do head tro dén),
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nit nay o6 truting két néi tro d&n tap tin can shp. M4 [an lap cia
vong lap repeat ngoai sé duydt qua tap tin, cho ra mit xau lién két
gom cac tap tin con da duge sip, dai gip hai so véi lan lap trude.
Ti&n trinh nay duge thyc hign bing cach ding hai con trd, mt
ocon trd trd dén phan cia xau chua thiy (todo) va mdt con trd trd
d&n cudi phan d6 cla xau cla cac tap tin con da trdn xong (c).
Vong Iiip repeat bén trong trdn hai tap tin con c6 chidgu dai N bit
dau & mit do todo trd t4i, né cho ra mdt tap tin con cdé chidu dai

oo
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Hinh 12.8 Sdp xép bling tron mit chuyén vi ngbu rhién




SAP XEP BANG TRON TU DUGT LEN 201

N+N duge ndi két trén xau ket qua c.

Céch tron thye sy 1a hru tri mdt lizn két (link) véi t4p tin con
dau tien dugc tron trong a, 16 nhay qua N nit (ding méi lien két
tam thai t), ndi z vao cudi xau cda a, i thye hién tuong ty d€ b
mét xau khiac gom N nit doa b tro ddn (cAp nhit todo biing mét
mai lién k&t cha nit cudi vira tham) va sau dé gol merge (sau d6 ¢
duge cap nhat bang cach duyét dan xudng cusi clia xAu via tron.
Day Ia phuong phédp don gian hon (nhung it higu qua hon), ching
han merge tra vé cdc con trd trd dén ca hai dau va cudi hay gi

e —
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Hinh 12.4 Sdp xép trn mot chuyén vi thir-ae ngue
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nhigu con trd trong mbi nit caa xau).

Sép x8p bang tron tir dudi kn cing 1a phuong phép 1y thd dé
ding cho mot cai dat bang mang; phan nay nhu mdt bai tap danh
cho nguti doc.

Tinh chit 12.1 Sép xép blng tron can khoing NlgN lan so
sanh d& sdp bét ky mdt tap tin nio gom N phén ni.

Trong cai dat & trén, mdi phép trén M trdon N can M+N fan so
sdnh (digu nay cé thé bién thien khoang mdt hay hai tuy vao cac
bign ¢am canh duge st dung nhu thé nao). Doi v6i shp x@p trdn tir
dudi 1en, can IgN [an lap, mbi [an can khoang N [an so sinh. Déi
véi ban d4& quy, s§ [An so sénh dugc md 4 bing quy nap
MN=2MN/2+N vdi M1=0. Ching ta biét & chudng 6 c6 giai phap
MN=NIgN. Céc di sd nay rit chinh xic néu N la lay thita cia 2;
phan nay coi nhy bai tap d€ ching minh Ia chdng ding véi N tdng
quat. Hon nita, ching cling dung trong truing hop trung binh.

Tinh chat 12.2 Sép xép bling tron sit dung mdt chd trong phu
irg £ 18 vdi N.

Di2u nay thay 16 rang khi cai dat. Di nhién, néu “tip tin” duge
shp 1a mot xAu lien ket, thi bai toAn khong dat ra, vi “chd tréng
phy trg” ¢an sif dung (cho céc lign k&t) ding cho muyc dich khac.

D&i voi mang, trude tién chi ¥ la dé thye hién viée trdn M vdi
N bing céch chi can ding them chd trdng phy trg cho mang nho
hon trong hai ming ma thdi (xem bai tap 2). Dieu nay lam gidm
yéu cau vé chd tréng cho Mergesort di mot nua. Thuc sy cb thé
thyc hién t8t hon nhiéu va o6 thé tron tai ché, dau cho khong thyc
t& cho l&m.

Tinh chét 12.3 Sdp xép biing tron la én dink.

Vi cac cai dat thuc sy di chuyén cac khoa chi trong khi trdn,
nén chi ¢an kiém chdng ban than céc phép tron 1a 8n dinh. Nhung
chuing minh la fam thubng: vi tri tuong ddi cla cic khod bang
nhau la khong bj anh hudng bdi tién trinh tron.

Tinh chiit 12.4 Sdp x8p bling tron khong bi dnh huing boi
thir tw ban dég: cia diz lidu nhap.
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Hinh 12.5 Sdp x8p tron ciia mét chuyén vi ngdu nhién

Trong chi dat cla ching ta, vigc nhap chi xdc dinh thu ty
trong dé cac phan ti duge x( 1 trong qua trinh tron, nhy the tinh
chét trén duge khang dinh la ding. Cac cai dat khac ctia tron lien
quan dén vige kiém tra tap tin thid nhét o6 hét chua o6 thé din dén
mot sy khac bigt ldn hon nao d6 tiy thude vio di lidu nhép, nhung
khong nhitu Am. S8 [an lap 1o rang chi phy thude vao kich thude
tap tin, khong phy thudc vao ndi dung cia né, va mdi fan lap céan
N so sénh (that ra trung binh 1a N-O(1), nhu 4 trinh bay & trén).
Nhung truding hgp x8u nhét tuong ty trusng hgp trung binh.

Hinh 12.4 cho thay sip x&p tron tir dudi 12n thao tac trén tap
tin nguyén thdy theo thit ty nguge. So sanh hinh nay véi hinh 8.9
cho thay Shellsort thyc hién ciing thao tac.

Hinh 12.5 trinh bay mot thao tic khac clia Mergesort dang
phép hodn vi nghu nhién d€ so sénh véi cdc hinh minh hoa trong
cdc chudng trude. Dac bigt, hinh 12.5 ¢6 nét giﬁng v6i hinh 10.5:
trong trudng hgp nay, Mergesort la “dang chuyén d8i” ciia sép
bing co s§ tryc tidp.
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CAI DAT BUDC TOI UU HOA

Ching ta da chd ¥ d&n vbng lip trong cla sip x€p bang tron dya
trén mang khi ban d&n cic phan td cam canh, trong d6 chung ta
bi&t 1a cé the tranh cic phép kiém tra bin cia mang & vong lap
trong bang cich dao nguge thd ty cha mdt trong cic mang. Digu
nay dan d&n tinh khdng hidu qua trong cdc chi dat d trén: chuyén
tif a sang b. Nhu ching ta da thay d4i vdi sip x&€p bang co sd tryc
tidp & chuong 10 c6 thé tranh vigc doi chuyén nay biing cach ding
hai ban sao: mdt danh d8 tron tit a vio b, mdt ban khic 48 tron tir
b vao a.

DE thyc hién k&t hop hai cii tign nay, can thay ddi sao cha vige
tron cé thé dua ra cac mang theo thi ty tang hay giam dan. Trong
phién ban khdng d& quy, cé thé thye hién bing cach thay ddi fan
hugt gita dit lidu xuat ting va gidm dan; trong phign ban d& quy, ta
o6 bdn thd tuc d& quy: d& trdn tir a(b) vao bla) o6 két qua theo thd
ty gidm hay tang dan. M&i mdt trong hai thi ty nhy s rit ngén
vong lap bén trong cia sip bing tron thanh mdt phép so sanh, mdt
phép luu tr@, hai phép tang con trd (i hofic j, va k) va mot phép
kiém tra con tro, Sy t8i wu nay da canh tranh mot cach hidu qua
vii phép so sanh, phép tang va kiém tra, vh phép hodn vi (ting
phan) clia Quicksort, va vong lap trong cla Quicksort duge thi
héinh khodng 2InN=:1.381gN [an, hon Mergesort khoang 38%.

TRO LAI BE QUY

Cac chudng trinh trong chudng nay, cung vdi Quicksort la dac
trung cua cic chi dat thuat toan “chia 48 tri”. Ching ta s& thay
nhizu thuat todn b céu tric tudng ty trong cac chuong sau, vi the
riit ddng d€ quan tam modt cach chi tidt viio mdt vai die tinh cd ban
cta cdc cai dat nay.

Quicksort that sy 13 mét thuat todn “chia &€ tri”: trong mot
cai dat d& quy, hau hét cdc obng vide duge thye hign trude khi goi
de quy. Mat khic, sip bing Mergesort d& quy mang nhi2u ¥ nghia
ciia chia-d&-trj hon: trude tign tap tin duge chia lJam hai phan, 1oi
mbdi phan duge xi¥ Iy rieng. Mergesort thye sy x& 1y ldc dau chi
mdt phan nho, khi hoan tit thi tap tin con 16n nhit s& duge xi 1y,
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Quicksort bt dau bang vige xi 1y that sy trén tap tin 16n nhit, va
hoan tét trén cée tap tin nho.

Pi€m khac bigt niy thé hién r6 rang trong cic ban cai dat
khéng d¢ quy cta hai phuong phap sp x&p. Quicksort phai duy tri
mjt ngan x&p, vi né phai luu cde baj todn con da duge phan chia
theo m{t phuong thic phu thupe dit ligu. Mergesort chép nhan
mdt phign ban khong d& quy don gian vi phudng thiic a8 phan chia
tap tin 1a ddc lap véi A lidu, vi vay thit ty ma né xid 1§ cdc bai todn
con ¢6 thé duge sip x&p lai 48 cho ra mét chuong trinh don gian
hon.

Mot khic bigt thyc t& nita 14 Mergesort o6 tinh 8n djnh (n8u
dugc chi dat thich hgp), Quicksort thi khéng. D&i véi Mergesort,
néu ching ta gia thigt 1a cdc tap tin con da duge sdp Sn dinh, thi
ching ta chi can bao dém 1A vige tron duge thyc hign theo mot
phuong thic 6n dinh, c6 thé sfp x&p mdt cach d2 dang. Nhung dsi
vii Quicksort, khong d& phan hoach theo mot phucng thic 8n
dinh, vi th& né mét di tinh 6n djnh ngay cA trudc khi d2 quy tham
gia vao qua trinh sép.

Mot luu ¥ cudi cing: ging nhu Quicksort hay bit ky mot
chuong trinh d& quy nao khie, 1a Mergesort o6 th8 duge cii tign
bing cch sit dung cac tap tin con nhd theo edc cach khie nhau.
Trong cde phign ban d& quy cia chuong trinh, ditu nay c6 thé
duge cai dit mdt cdch chinh xac nhu véi Quicksort, hoac 1a ding
cdc tp tin con nhd sp x&p bing chén hay thyc hién mdt fan lap
d€ don dep sau d6. Trong cac phién ban khong dé quy, cac tap tin
con nho da duge sip o6 thé duge tao tit mdt [An lap ban dau ¢ sit
dung mdt sia doi thich hgp cla sAp chen hay sip chon. Mot ¥
tuong khic duge d& nghj cho Mergesort la tan dung thi tu “ty

-nhién” trong tip tin bang cich ding mét phuong phap tit dudi len
d€ tron hai dudng chay da duge sip dau tign trong tap tin, sau dé
t6i hai dudng chay k&, ..., #p lai tign trinh nay cho d&n khi tap tin
da sip xong. Phuong phap nay o6 v@ rdt quysn rd, né khong dsi
nghich vdi phuong phip chuiin ma ching ta da ban vi chi phi xéc
djnh cac duting chay nam & vong p trong, la tigt kiem hon ngoai
tr cdc truting hop suy thoai d4c bigt (chAng han tip tin dé sip sn_
roi).
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BAI TAP

@

. Cai dat mdt phuong phap sip bing trdn (Mergesort) d2 quy

bing cich cit xén bdt phuong phép sdp chen cho cdc tap tin
con nho hon M phan ti; hiy xac djnh theo kinh nghigm gia trj
ctia M d€ né chay nhanh nhit trén mot tap tin nghu nhién gom
1000 phan ti.

. So sanh theo kinh nghiém phép sip Mergesort d¢ quy va khong

dé quy cho cdc xau lien két va N=1000,

. Cai dat phép sdp Mergesort ¢ quy cho mot ming gom N s3

nguyén, st dung mdt mang phy trd cb kich thude nhé hon N/2.

. Piing hay sai: thoi gian chay clia Mergesort khéng phu thudc

vho gia tri cia cdc khod trong tap tin nhap. Hay giai thich cau
tra 1&i cha ban.

. S8 butc t&i thidu ma Mergesort c6 thd dung 1 bao nhidu (sai

khac mot hé s& hing) ?

. Cai dat phép sip Mergesort khong d2 quy tir dudi lén sit dung

hai mang thay vi diing xau lien két.

. Hay chi ra cac phép trdn dude thyc hién khi duing Mergesort d2

quy A€ sdp cAckhca EASYQUESTION.

Hay cho biét ndi dung ciia x4u lien k&t & mdi budc lap khi diang
Mergesort khéng dé quy @8 sdp cac khos EASYQUESTI
ON.

. Hay thit thyte hién mdt phép Mergesort d¢ quy, st dung mang,

ldy ¥ tudng thyc hién cdc phép trdn 3-duding (3-way) thay vi
trom 2-dubng ?

10. Hay kiém tra theo kinh nghiém y2u ciu trong bai hoc d6i véi

cac tAp tin nghu nhién o6 kich thude 1000 : ¥ tudng tan dyng -
thi ty “ty nhién” trong tap tin la khéng mang lai kit qua.
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Nhiau ing dung sip x&p quan trong lién quan dén viéc xu ly
cic tap tin c6 kich thude 16n, nén khéng a0 bd nhd cho nhing tap
tin qud lén nhu vay. Cac phudng phap thich hgp cho cac dng dyng
nhu vay goi la phuong phap sap x&p ngoai, vi ching lién quan dén
x1 1y dif litu bén ngoai don vi xi 1y trung uong.

C6 hai y8u t8 chinh khac bigt gida thuat todn xd 1y ngoai véi
cac thuit ma ching ta da th&y. Trudc tign, chi phi truy xuit mdt
phin ti¥ trong bd nhé ngoai thi 16n hon bat ki chi phi tinh toan
nAo. Tha hai 1a phai chju cAc gidi han nghiém ngit v@ truy xuit,
phu thude vho mdi trutng luu trid bén ngoai: vi dy nhu cac phan tu
trén bang ti chi truy xuat theo phuong thic tuan ty.

Sy khac brét 16n cla loai va chi phi thigt bj luu trid bén ngoai
tao sy phat trién clia cic phuong phédp sép xép bén ngoai rit djc
lap vé ky thuat. Cac phuong phap nay c6 thé phic tap va nhigu
tham s anh huéng dén tinh nang cla chiing: mdt phuong phép tét
o6 thé khong duge trung dung vi chi thay dsi chut dinh ve ky
thuat ma khong c6 Igi cho sip x&p ngoai. Vi ly do d6, & chuong nay
chiing ta s tap trung vao cac phuong phap tong quat thay vi chi y
vao cac cii dat cy thé,

Tém lai, d6i voi sip x&p ngodi, phuong dién “hé théng” chéc
chén quan trong nhu phuong dién “thuit toan”. Ca hai linh wyc
nén xem x6t ki ludng mét khi ¢an phat trién phuong phap sip xép
ngoai cho hizu qua. Chi phi cd ban trong viéc sAp x&p ngoaij 1a danh
cho nhap-xuit. Mot bai tip hay danh cho nguti ndo dinh cai dat
mét chuong trinh hidu qua d€ sdp x&p mdt tap tin ¢b kich thudc
16n trude tidn la cai dat mét chudng trinh higu qua d8 sao chép tap
tin nay, k& d6 cai dat mdt chuong trinh d& ddo nguge thy tu clta
cac phan t trong tap tin nay. Van dé he thdng nay sinh khi thd
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giai quygt cAc bai toin nay tuong ty nhu véin dé he thong nay sinh
khi sip x&p ngoai, Hoan vj mdt tap tin 6 kich thude 1dn ciing kho
nhy sép x&p né da cho khong can phai so sanh khéa ... Trong sép
x&p ngoai, ching ta quan tam chi y&u dén gigi han thui gian di
chuyén méi thanh phan dit lidu gida moi truting lua tri ben ngoii
va bé nhd, vi bao dam la nhimg [an chuyén giao nhy the phai thye
hién mét cich hitu qua véi kha nang clia phan cing.

Cac phuong phdp sép xép ngodi phat tridn thich hdp véi cac
thé duc 16 va bang gidy trudc day, hién tai }a diing bémg tir va dia,
cdc k¥ thuat ndi nhu bd nhé ndi va dia video. Sy khae nhau cha
y&u gitta cAc thigt bi la kich thude tucng dai va tde 4o luu trid 6
sén o6 va kiéu gisi han truy xudt da ligu. Chiing ta sé tap trung
vao cac phudng phap co ban dé sip x&p trén bang tir va dia bai vi
cac thist bj niy ton tai dé sit st dung phd bién va dap ing duge hai
o0 ché truy xudt khéc nhau dac trung cho nhisu he théng xi 1y ben
ngodi. Thong thuting cdc hg may tinh hién dai c6 “phan. cip luu
trd” cua b nhd i6n hon, ré hon, cham hon. Nhigu thuat toin ma
ching ta s& tim hiéu c6 thé 4p dung t5t trong mbi trudng nhu thé,
nhung chiing ta s& lam viéc véi 4 phan cip “hai muic” gom bd nhé
chinh va dia hay bang tir.

SAP XEP TRON

Phéan 16n céc phuong phéap sip x&p ngoai si dung chién ludc téng
quat sau: tao mdt [an duyét trén tap tin can sép, chia né thanh céic
khdi ¢6 kich thuée phi hgp véi b nhé trong, va sip x&p cac khii
nay. Sau dé tron cic khéi da sip nay véi nhau bang cich duyst vai
[an trén tap tin, 10i lai tac cdc khai duge sip 16n hon chio d&n khi
sip xong toin bd tap tin. Da s8 dit lidu thudng duge truy xuit theo
kidu tuan ty, day Ia tinh chat lam cho phudng phap nay thich hop
dbi véi cac thidt bj ben ngoai. Cac thuat todn sip ngoai cf ging rit
ngin s§ lan duygt trén tap tin va gidm chi phi sao cho gan véi chi
phi clia mdt ban sac chép.

B&i vi phan ldn chi phi ciia phuong phap siip x&p ngoai 1 danh
cho nhip-xudt, nén ching ta c6 thé do ludng bang chi phi cda mot
phuong phdp tron bing cach d6m sd fan doc hay ghi mbi tir trong
mot tap tin (s¥ Ian lap trén toan bd du ligu). Trong nhidu dng



TRON NHIEU DUUNG CAN BANG 209

dung, cdc phudng phip ma ching ta xem xét lién quan dén thu ty
clia mudi hay it hon cde budc nhu thé. Chd ¥ Ja chiing ta quan tam
cdc phudng phédp loai trit médt bude don le. Thai gian thye hign
toan bd qua trinh sp x&p 6 thé danh gia dé dang nhu thdi gian
thyc hién cua bai tap “sao chép nguge tap tin” nhu da dé cap a
trén.

TRON NHIEU DUDONG CAN BANG

Nhis vao mot vi dg nhd, ching ta lan theo tirmg buée ctia thd tuc
sap bﬁng phuong phap tron dan gian nhit. Gia su la ching ta cé
cAc méu tin c6 cic kh6a ASORTINGANDMERGINGE
XAMP LE trén mt bang chia dua ligu nhap cac khoa nay duge
sAp x&p va xuit len ot bang khac. “Bang” ham y Ia ching ta gidi
han vige doc cie méu tin mdt cdch tuan ty: m&u tin thit hai khong
thé duge doc cho den khi miu tin thi nhét doc xong ... Gia thiét 1a
ching ta chi c6 da chd cho 3 mAu tin trong bd nhd va c6 sén nhidu
bang tt‘r‘

Tupe | |AHOHS|.[E][EI[}T| -WLEY]I
Tape 2 | HRHT'I[ENE"_" .f_rp_fll
Tupe 3 IAHG"N]"GH ]N]-@.

Tape 4

Tupe5 =
Tupe s 08

Hinh 13.1 Trén ba didmg cin béing: két qua cuia butoe that nhdt

Bude dau tien doc ba mau tin mdt lde, sip xép ching dé tao
thanh khoi ba mdu tin, v xuit cac khdi duge sip. Vi vay, trudc
tién chung tadoc AS 0 va xuit cac khdi gom A O S, k& tigp dqc R
T I va xufit kh&i I R T va aif tip tuc nhu the. Theo thu ty cua cae
khoi da tron xong niy, ching ta nén dat cdc khsi trén cic bang
khac nhau. N&u ching ta thyc hlen vige tron 3 duting, thi s dung
ba biing, g6i gon trong cdc lan sAp x&p véi ciu hinh trinh bay &
hinh 13.1.
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Bay gio ching ta sé sép cac khoi c6 kich thuée ba. Ching ta
doc méu tin dau tién cia mdi bang (c6 di bd nhé) va ldy mot mau
tin c6 khéa nho nhit. K& ti€p doc mau tin k& trén bang nay va lay
tidp mdt méu tin c6 khéa nhé nhat. Khi d&én cudi khdi 6 ba ti,
bang tuong ung sé khong thao tac nia cho dén khi x ly xong cac
khoi cua hai bang khac va chin miu tin duge xudt ra. Sau d6 qué
trinh duge lap lai d€ tron hai hay ba tit trén mbi bang thanh mot
khoi chin tir (xudt trén mdt bang khac @€ chuén bj cho [an tron k&
tiép). Tiép tuc béng cach nay, ching ta c6 ba khdi dai nhu hinh
13.2.

Tapel ®

Tape2 =

Tape 3 "

Tape 4 NARL HNHOIHHSW =
Tape 5 [DYEJGJG][1)MN][N][R] =
Tapes [AJEJEJLIM][P]X] =

Hinh 13.2 Tron ba duong cén bang: két qua cua bude thi hai

Bay git ta them mot bude trén ba-dudng nia dé hoan tit viee
shp x&p. Néu ching ta c6 mot tap tin dai hon c6 nhieu khéi véi
kich thudc la chin trén méi bang, thi ching ta sé hoan tit budc thu
hai véi khéi c6 kich thude 27 trén bang 1,2,3, k& d&n budc thd ba
sé cho ra khoi c6 kich thude 81 trén bang 4,5,6 va ci thé ma tlep
tuc. Chung ta can sau bang d& sip mot tap tin I6n tuy y: ba &
nhap va ba dé xuit cho mdi lan tron ba-dutng (Thyc sy ching ta
chi can bon bang: c6 thé chi xuit trén mot bang, va sau d6 cac
khoi tif bang nay duge phan phéi cho cic bang giita céc [an tron.)

Phuong phap nay goi la tron nhieu duong can bﬁng mot
thuat toan hgp ly dé sap ngoai va cing la mot quan diém tot dé cai
dat mot phuang phéap sép ngoai. Cac thuat toan phic tap hon nia
6 dudi day c6 thé tao dudng chay sip x&p nhanh hon chit nia,
nhung khgng nhiéu lAm. (Tuy nhlen, khi thoi gian thyc hién tmh
bang don vi git thi ngay ca giam bét mot ti 1& nho cing da rit
dang ké.)
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Gia sif chiing ta ¢6 N tir thao tic trong qua trinh sip vh bd nhé
trong c6 kich thudc M. Sau dé Ian “s&p” cho ra khoang N/M khéi
da shp (d4nh gia nay gia thigt trén cAc miu tin 1 ti: d6i véi mau
tin 16n hdn: s& khéi dude sip duge tinh biing cich nhan véi kich
thudec m#u tin). N&éu ching ta thyc hign tron P duting trong mdi
budc, thi s5 fan lap tinh khoang logp(N/M), bdi vi mbi bude rit
ngan s§ khai da shp bdi mdt hé o6 P. !

Mac di vdi cdc vi du nhd cd thé gitip ching ta hiéu chi tigt
thuét todn, nhung tét nhat 1 st dung cdc tap tin 6 kich thude 16n
hon khi lam viée v6i sAp ngodi. Ching han, edng thie & trén cho
thay tron bdn-duting dé sAp mdt tap tin 200-tridu-tir trén may tinh
c6 mdt tritu tir bd nhd thi chi can tdng cong khoang nim bude.
Mbt danh gia khéc vé thsi gian chay cing tinh duge bing nfim [an
thti gian thyc hién cho chi dat cda ban sao tap tin theo tha tuy
nguge d trén. :

PHEP CHON THAY THE

Van d@ chi tiét clia chi dit cing duge phat trién biing cach sit dung
higu qua hang doi c6 do uvu tidn. Trude tién, chiing ta nhan dinh la
hang dgi ¢ dd vu tign dua ra mdt cich thic ty nhién d& chi dat
trdn nhieu dung. Quan trong hon nia, la chiing ta ¢6 thé sit dung
hang ddi c6 4 vu tién cho lan sép ban dau, ching ta c6 thé tao ra
céc khdi dudge sp dai hon lugng bd nhé trong can thist luu tr.

Thao tic cd ban dé tron P-dudng la an lugt xudlt ra phan &
nhd nhét trong cic phin ti¥ cdn lai trong mbi khéi cia P khéi duge
tron. Phan ti nho nhit cAn duge thay thé bing phan ti k& trong
khdi. Thao tic thay th& trén hang d¢i 6 dd uu tién o6 kich thude P
la thao tdc can phai ¢ (Thyc sy, cdc &n ban “gidn ti€p” cla
chuong trinh hang dgi ¢6 dd vu tien md ta & chuong 11 thich hgp
hon cho tng dung nay). Pac biet, € tron P duting ching ta bt
dau bang cach lip day hang ddi 6 4 uu tién kich thuée P bing
phan ti nho nhit cla mdi khdi trong P khdi, ding thu tuc
pginssert tit chuong 11 {duge sita ddi thich hgp sao cho phan ti
nho nhit nim & dinh cha heap). Sau d6, sit dung thi tuc pgreplace
tir chudng 11 (sta d6i tuang ty) ching ta s& Idy ra duge phan ti
nho nhit va thay thé né trong hang dgi c6 46 uu tien bing phan ti
ké cia khai
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Qua trimh tron AOS v IR T va A G N (lan tron thi nhit &
vi dy trén} si dyng mét heap kich thude 3 nhu trong hinh 13.3.
Céc “khéa” trong cic heap nay la khéa nhé nhat (khéa dau tien) &
mbi nit. RS hon, ching ta trinh bay toan bd khéi trong céc nit
cua heap; di nhién cai dit thyc sy sé la heap gian ti€p chia cic con
trd d&n cac khai. Trude tién, A la did lidu xuat d€ cho O (khéa k&
tifp trong khoi clia né ) tré thanh “khéa” cla gfc. Digu nay vi
pham tinh chit cla heap, cho nén hoan vj nit nay véi mit chia A,
G, va N. Sau 46 ldy A ra va thay th& bang khéa k& ti€p trong khoi
cia né la G, Digu nay khdng vi pham tinh chit cia heap, nén
khong c6 thay ddi gi ca. Tigp tyc bang cach nay, chung ta cho ra
tap tin da sdp (doc khéa nho nhat trong niit goc cia cay d hinh
13.3 dé thay cac khéa theo thi ty xudt hién & v tri dau tien trén
heap va cdc khoa nay la khéa xuit). Khi h&t modt khdi, mét bign
cam canh dudc dit trén heap va xem nhu 16n hon t4t ci cac khéa
khdc. Khi heap chita tit ca cdc bi®n cam canh thi qui trinh tron
hoan tat. Phuong phdp sit dung hang dgi c6 46 vu tien nay dsi khi
dugc goi 1a phép chon thay thé.

D& tron P-dutng, ching ta c6 thé sit dung phép chon thay the
trén hang dgi 06 dd wu tién kich thude P @8 lay titng phan td ra
sau logP bude thyc hién. Sy khdc nhau nay khéng ¢6 ¥ nghia thye
tién, BAi vi mét cai &t theo hinh thifc “ép bude thd thién” cing c6
thé lély ra ting phan tif sau P budc va thang thucng P rat nhd dén
ndi chi phi nay khéng dang ké so vdi chi ph1 cuia vite My ra timg
phan td thyc sy. Tam quan trong thyc sy clia phép chon thay thé
la cach thie phuong phap nay duge st dung trong phan dau cua
qua trinh trdn: dé teo cic khdi duge sip ban dau ma cung cap
phan oo s cho cdc bude tron.

l(mtéos)(h! Xos )(ﬁ@
&3_)
(HTX D(E_X a_X. ("",)\_ )(

Hinh 13.3 Giai dogn trén ctia phiong phdp chon thay thé, vdi heap cé
kich thude ba




PHEP CHQN THAY THE . 213

o>

e
P o
Mo o™
PN
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Tu tudng la truyén phan d@ ligu nhap (chua cé thi tu) qua
hang dgi 46 wu tién o6 kich thude lin, ghi phan t& nhd nhit lén
hang dgi nay nhu trén, va thay thé né vdi phan ti k& cia dir ligu
nhap theo qui udc sau: n&u phan ti méi nhé han phéan ti xuit cudi,
né duge dénh diu nhu mot thanh phan cia khdi k& (vi né khﬁng
thé trd thanh mot thanh phan cia khéi duge sip hién hanh) va
xem nhu 1dn hon tAt ca cac phan tid trong khéi hign hanh, Khi mot
phén t& da bj ddnh ddu & dinh cda hang dgi c6 @ wu tien khéi ci
chdm dit va khoi moi bat dau. Diéu nay dé cai dat biing pquisert
va pqreplace tif chuong 11, dugc hidu chinh thich hgp sao cho phan
t& nho nhit & dinh heap va chi dat bang pqreplace duge thay d5i dé
dung cac phan tit bj daoh dfu ludn 16n hon cic phan tif khong bi
danh dAu,

Tap tin vi du chuing to gia trj cia phuong phéap chon thay the.
Véi dung lugng bd nhd 6 kha niing chia ba maw tin, ¢ thé cho ra
cac khoi duge sdp c6 kich thude 5, 3, 6, 4, 5 va 2 nhu trong hinh
13.4. Nhu truée day, cic khéa chiém gi@ vi tri dau heap theo thu
ty gidng vai thit ty xudt ra. Didu ny ching b cic khéa trong heap
thude vao khéi nao: mdt phfm tit duge danh diu cing mdt cach
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thie nhu phan ti gdc thy thudc vao khéi duge sdp hién hanh va
cac phan ti khic phu thude vao khdi duge sdp x&p k& tidp. Tinh
chit heap (khoéa thit nhat 16n hon khéa thit hai va thid ba) lubn
duge bao dam, cdc phan t& trong khéi duge sip x&p k& tiep xem
nhu 1dn hon cdce phan td trong khai duge sip hién hanh. Duong
chay dau tién cham dit biing I N G trong heap, vi cic khéa nay di
kem vdi cac khéa 16n hon § goe (vi the ching khong thé gop vao
dutng chay dau tién), duong chay thit hai k&t thic bing A D N
trén heap. .

TINH CHAT 13.1. Ddi vdi cdc khoa ngéa: nhidn cac diuimg
chay san sinh tir phép chon thay thé bdng khoing hai lan hich
thide cia heap,

Ching minh tinh chat nay thyc sy cin phan tich phuc tap,
nhung dé kiém ching bing thyc nghigm.

Higu qua cta dudng chay nay la tigt kiem mdt [an tron: thay vi
bat dau bang cic duting chay da sép cé kich thudc bd nhd trong va
thyc hign mdt [an trdn d& cho ra cde dubng chay khodng hai fan
kich thudc bd nhd trong, ching ta o6 thé tao cac dubmg chay nhu
vy bang cach sit dung.chon thay th& bhng mot hang dgi c6 46 wu
tién kich thuée M. Néu ¢6 ding cac khéa ¢b th ty, thi cae dutmg
chay sé dai hon nhigu. Ching han, néu khong o6 khéa nao o6 nhidu
hon M khéa 16n hon phia trude né trong tap tin, tap tin s& duge
sép hoan toan bing [An chon thay th& va khong can [an trdn nao,
Pay 1a ly do thyc t& quan trong nhit 8 sit dung phuong phap nay.

Tém lai, ky thuat chon thay theé 6 thé st dung cho ca hai “sép
x&p” va “trdn” cla tron nhidu duong can bing,

Tinh chit 13.2: Mt tip tin gom N méu tin 6 the dugc sip
hang bang cach sit dung bd nha trong cb kha nang luu triz N méu
tin va P+1 bang tdn khoang 14log (N/2M) lan lip.

Nhu da trinh bay & trén, trude tien ching ta s dung phép
chon thay thé bng hang d¢i c6 dd vu tidn 6 kich thude M dé cho
ra cic duding chay ban dau c6 kich thude khoang 2M (trong trutng
hgp ngau nhién) hay nhieu hon (n2u tap tin da sdp titmg phan), sau
a6 st dung phép chon thay th& 6 hang dgi c6 dd wu tign c6 kich
thudc P can khoang log (N/2M) (hay it hon) [an tron.
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CAC DE NGH| THUC TE

D& hoan tat cai dat phuong phap sip x8p & trén, can thidt cai dit
cac ham nhap xuat thye sy chuyén ddi du ligu bd x1 1y va cde thiét
bj bén ngoai. Cac ham nay di nhién la phudng tién thyc hién tot 48
sp x&p npoai, va ching can can nhic d6i v6i mdt vai hé thing.

Muyc tidu chinh trong cai dat la gdi nhau cic phan dec, ghi,
tinh toan cang nhidu cang tot, Phan l6n hé thdng mday tinh 1én o6
don vi xt ly dac lap d& didu khién cac thiét bj nhap xuat ty 12 lén
thoa dieu kign trén. Hidu qua thye hién cia phuong phap sip ngoai
phu thude vao s8 thiét bi shn o6

Déi vai mdi tap tin duge doc hay ghi, ki thuit lap trinh he
thong chudn goi la “hai ving dém” (double-buffering) st dung a8
nang tdi da kha nAng gbi chong cia nhap xuat vdi viée tinh toan. Y
tudng 1 quan 1y hai “ving dém”, mot d& cho bd xu ly, va mot cho
thi€t bi nhap xuit (hay bd x ly ding dé dieu khién thiét bj nhap
xuéit). D€ nhap, bd xd 1y ding mdt ving dém clia n6 va sau d6 cic
viing dém chuy&n vai trd : bp x{ 1y st dung did liéu méi trong ving
d2m bing dt lidu do b xd 1y va thigt bj danh riégng. Thong thudng
thei gian nhap xuit 16n hon thdi gian x& ly va hiéu qua caa ky
thuat “hai ving dém” la g6i chong thdi gian tinh tean, vi viy ving
dém eang Idn cang tot.

Khé khan cta hai viing dém la thye sy chi st dung khoang nua
chd tréng bd nhd c6 sin. Didu nay c6 thé din dén tinh khong hieu
qua néu c6 nhidu viing dém, nhu la trudng hop tron P dutng khi P
khong nhd. Van de nay c6 thé st dung k¥ thuit goi la “dy bdo”, ky
thuit nay chi caAn st dung mét vung dém trong qua trinh tron. Ky
thuat nay thye hign nhu sau. Chic chén cich t5t nhét dé gbi chong
vidc nhap vdi tinh todn trong qua trinh thay thé la gdi chong viec
nhap cla ving dém can lap day k& tigp bang phan dang xd ly clia
thuat toan. D& dang xac dinh diy la ving dém nio : ving dém
nhap k& tigp duge lam réng 14 viing dém chda phan ti cudi Ia phan
tit nho nhat. Ching han, khitron AOS vdi IR T v A G N ching
ta bist 1a ving dém tht 3 sé 1A vung dém lam rong dau tién, roi
dén vang dém thd 1. Mot cach don gian d8 gi chong x{ 1y bang
did lidu nhap cla tron nhidu dudng la gid them mot vung dém JAp
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day bai thiét bj nhap tiy theo luat nay. Khi bd xit I¥ gap mot viing
d&m rong né dgi cho dén khi ldy diy ving dem nhap, rdi chuyén
sang dung ving dém d6 va dieu khién thigt bj nhap 48 lip day
ving dém , viing dém niy chi réng tiy theo luat “dy bao” nay.

Viin dé quan trong trong cai dat clia tron nhigu dubng la chon
lya gid tri cia P, “thd ty” cua vige tron. DGi vdi sip trén bang, chi
khi truy xuat tuin ty, sy lya chon nay rat dé : P phai it hon sd
bang mot gid tri bdi vi tron nhizu dudng dung P bang nhap va mot
bang xuat. Di nhién c6 it nhét hai bang nhip, vi thé khong can thd
sip x&p trén bang véi it han ba bing.

Déi véi sip x€p , khi truy xudt dén vi tri tuy ¥ thi duge quyén
nhung ton hon truy xuiit tuan ty, cing hop Iy 48 chon P it hon s5
dia sin o6 la mot dé tranh chi phi 16n cta truy xuit khong tuan by,
ching han n&u hai tap tin da litu nhip khic nhau trén cing mot
dia, Thong thuing sit dung khéc nita la chon P dd 16n 48 sp x&p
hoan tAt trong hai giai doan tron : khdng hop 1y d8 tht sip xép
bang mot fan tron, nhung sip bing hai fan tron cé thé thuc hign
v6i P kha bé. Boi vi phuong phap chon thay th& cho ra khoang
N/2M dung chay va méi fan tron chia s6 duong chay cho P, digu
nay nghia Ia P nén chon I s8 nguyén nhd véi P<N/2M Déi vdi vide
shp x&p mot tap tin 200 tridu tif trén may tinh vdi 1 tridu tir bd
nhd, didu nay ham y 1a P = 11 sé la cdch chon an toan d& dam bao
sdp hai lan. (gia tri chinh xdc nhat cia P phu thude vie nhigu
tham 8 hé théng)

TRON NHIEU LAN

Mot véin dé tron nhidu duding can bing d& sép bing bang la né can
hofic Fa mot s6 bang hay ban sac. D& véi tron P dudng ching ta
clng dung hai 2P bang (P d€ nhap, P dé xuiit) hay phdi sao chép
hau hé&t tap tin tir mdt bang xuat duy nhat vio P ban g chita di lidu
nhap gida cAc [4n trdn tinh ra g&p dai s5 lan khoang 2 log (N/2M).
Mot vai thuat toan sap x8p bang higu qua da kham pha ra riing hiy
bd cic bang sao bing cich dung trdn cac khdi nho da duge sip.
Phuong phap nay goi la tron nhieu giai doan. Y tudng cd ban cia
phudng phap nay la phan phdi cac khdi da sAp bang phuong phép
chon thay thé rdi dp dung chign thuat “trom cho dén khi rong”,
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tapet [ATOIRISIT)= (1[N = [AIGIN) = [DIEIWIR) = [GITIN) =
Tepe2 [EIG[X]=[AIM[P]=[E]L]=

Tape 3 B
Tape 1 IDIEIﬁ[H"[G!IIN]l
Tape 2 E

Tape3 |AIEIGIO[R[S[T|X]u[All|MIN]P|={AIE|G]LIN]=

Tape 1 =
Tape2 |AIDIEIEIGIMIOIRIR[SITIX|m[AlGI 111 IMININ[PI=
Tape3 [AIEIG[LIN]e

Hinh 13.5 Céc trang thdi khoi c'Ic_’)ng cua trjpn nhiéu lan véi ba bang

theo quan diém la mdt trong cic bang nhap va xust thay dbi vai
tro cho nhau, :

Chéng han, gia thiét 1a ching ta chi c6 ba bang, va chiing ta
bat dau hinh ban dau cla cic khéi duge sip trén bang trinh bay &
hinh 13.5 (Diéu nay xuit phat ti viéc 4p dung chon thay th& cho
tap tin vi du c6 bd nhd trong c6 thé chi lvu trit duge hai miu tin).
Bang ba duge khdi tao réng hic dau, bang xuat danh cho Ian tron
dau. Sau ba [an tron hai dudng tit bang 1 va 2 vao 3, bang thy hai
trd thanh rong nhu & gita hinh 13.5. Sau d6, hai [an tron hai
duong tir bang 1 va 3 vao 2, bang thit 1 réng, xem cudi hinh 13.5.
Sép x&p hoan tit sau hai budc nita. Trudc tién, [an tron hai duong
tir bang 2 va 3 vao 1 dé lai mot tap tin trén bang m2, mot tap tin
trén bang 1. Sau d6 1 [an lugt tron 2 duong bang 1 va 2 vao 3 cho
ra mot tap tin da sip toan bd d bang 3.

Chién luge tron cho dén khi réng nay c6 thé md rong cho so
bang tuy y. Hinh 13.6 cho thdy 6 bang dugc dung dé sip 497
dudng chay ban dau. Né&u ta bit dau bing bang 2 (cot dau cia hinh
13.6) la bang xuit, bang 1 ¢6 61 dudng chay ban dau, bang 3 c6



218 SAP XEP NGOAI

120 dudng chay ban dau v.v...(cdt dau cia hinh 13.6); sau dé thyc
hign & duding “trdpn cho dén khi réng”, ching ta o6 bang 1 réng,
bang 2 ¢6 61 duting chay, bang 3 cé6 59 duting chay v.v... (cbdt thu
hai cia hinh 13.6). Chiing ta c6 thé trd lai biing 2 v tao 1 béng
nhép, va trd lai bang 1 va tao mdt bang xuit. Bang cich nay tigp
tuc, chiing ta c6 toan bd tap tin duge sip xép & bang 1, vige trdn
chia thanh nhidu giai doan khong lign quan dén tat ca di litu. Khé
khan chinh trong vigc cai dat mdt phuong phap trin nhitu giai
doan la xdc dinh cich phan phdi cic dutng chay ban dau. Khong
khé thiy cich xay dung bang & trén biing cich thyc hién ngude lai:
13y s& }én nhat trong mdi odt, cho bang 0 va chng né véi mdi s8 cdon
lai d€ ¢6 cot trude day. Digu nay tuong ting vdi vide xic djnh [an
tron c6 thit tyf 1dn nhét cho bt trude day ma dua ra cdt hien hanh.
Ky thuit nay thyc hién trén s8 bang bat ki (t8i thidu 3) : cic con
s0 tang theo diy s8 Fibonaci téng quat c6 nhi2u tinh chét rit hay.
Di nhién, s& duijng chay ban dau khong bigt duge khi ca"u {ign,

vaco g c"mh x4c no sé khong la 86 Fibonaci. Vi vay mot s& dl.rdng

chay “gia” nén them vao d€ tao s8 dubng chay ban dau chinh x4c
can cho bang

Phan tich cia tron nhiéu giai doan rit phic tap va ly tha va
dua ra cic k&t qua ngac nhién. Vi dy nhu, phudng phap rét t5t 48
phan phéi cic dudng chay gia trong 85 cac béing lién quan dén vide
s dung thém cAc giai doan vh can nhigu du‘dng chay gia. Ly do I
vi vai dudng chay dimg trong cie fan tron nhitu hon.

Nhiéu y&u t5 khac can phai luu y dén trong khi cai dat mot
phudng phap sip baing bang higu qua nhat. Mt y#u t& chinh ma
ching ta khong can quan tam gi ca 1 thoi gian né can d8 trd lai
cac bang. Vin dé nay di duge nghién ciu va nguvi ta da dinh
nghia nhiéu phuong phap ly thid. Tuy nhién, nhu da dé cap & trén,
cac tiét kigm luu trit thyc hign qua tron nhitu dutng can bang dcln
gian rat giéi han. Ngay ca tron nhitu giai doan t5t hen tron cin
bang chi vdi P nho. V6i P< =8, tron can bing ¢6 thé chay nhanh
han trom nhidu giai doan, vh véi P nhé hon hiéu qua eiia tron nhidu
giai doar. cd ban luu git hai bang (trdn cin bang c6 thém hai bing
sé chay nhanh hon)



MOT CACH DE HON 219

Tupe 1 6 O 31 15 7 3 P B |
Tuape 2 ¢ 6+ 30 14 6 2 o ! 0
Tupe } 120 39 28 12 4 a2 1 a
Tape 4 116 55 24 8 © 4 2 I 0
Tupe § 108 47 16 0 8 bl 2 ! 0
Tupe b 92 3t ¢ 18 8 4 2 ! )

Hinh 13.6 Phin b8 dutmg chay cho vige trpn nhitu lin 6 bing
MOT CACH DE HON

Nhitu hé mdy tinh hién dai cung cdp kha nang bd nhé 4o ln ma
khong nén luét qua trong phuong phap cai dat dé sép cac tap tin
18n. Trong ha thdng o6 bd nhd 4o t6t, lap trinh vién o6 thé st dung
mét lugng dit lidu rét 16n, trang bi kha nang chuyén giao dif litu tir
bd luu trid bén ngoai vao bén trong khi cAn. Chign luge nay dya vao
tinh chét 1a nhiéu chuong trinh c6 tham chidu cuc bd tuong dsi
nho : mdi tham chifu d&n bd nhé ¢ 18 1a mdt ving bd nhd gan vdi
vimng tham chiéu khdc. Dieu nay ham y cdc chuyén giao tit bd nhd
luu tri bén ngoai vao bén trong khéng thuong xuyén. Mot phuong
phap sfp x&p trong ¢6 tham chi€u cuc bd eé thé thyc hign rit tot
trén heé bd nhé a0 {chiing han, Quicksort ¢6 hai tinh “cuc b” :
phian 1dn tham chi®u gan vdi mot trong hai con trd phan hoach.
Nhung kiém tra véi ngudi 1ap trinh he théng trudc khi mong
muén tiét kiém dang k& : phudng phap sip bang cd 56 khong co
tham chigu cuc b sé l mot trd ngai vé he théng bd nhé o va ngay
ca Quicksort s@ ¢6 cic van dé phy thudc vio hé thdng bd nhd 4o
sin cd dude chi dal nhu th# ndo. Mat khée, chign hige st dung
pbudng phip sip xép dé sdp cic tip tin dia cin than trong trong
mbi truing bd nhd aa tot.

TAI LIEU VE SAP XEP

Tham chi€u co ban cho phan nay la tap 3 trong day cdc tap cua
D.E. Knuth vé sip x&p va tim kigm. Thong tin vé dé tai nay co thé
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tim thdy trong cudn séch ndy. Dac bit, cic k&t qua & day vé dac
trung thuat toan dugce luu tri bdi cdc phép phan tinh todn hoc.

Cé nhiéu tai lidu vé sip x&p. Thy muc cla Knuth va Rivest vao
1973 chia hang tram ban, va diéu nay khdng sl dung sip x&p ve
sach va bai bdo vé céc viin dé khac mot tham khio hgp thdsi hon véi
thu mye bao phi cdng vige dén 1984 1a sach cla Gonnet.

D6i vBi Quicksort, tham khao t6t nhit 13 nguy2n ban cla
Hoare 1962, dua ra tit ca cac thay d6i quan trong, bao gom si
dung chon lya 6 chuong 9. Nhidu chi tist vé phan tich todan hoc va
higu qua thyc t€ cla nhigu hiéu chinh duge dua ra qua nhiang nam
thang tim thiy & sach 1978 cla tic gia nay.

Mot vi dy tdt cha cu tmic hang dgi c6 dd vu tidn cai tign 1a J.
Wauillemin la “hang dgi nhj thic” nhu duge cai dat va phan tich bai
MR. Brown. Cau tric di lidu nay hd trg tit ca cic thao téc hang
dgi ¢d dd wu tién mdt cich o6 hidu qui. Ky thuat trong loai cdu
trdc dif ligu dé cai dat thyc t& la “heap” do Fredman, Sedgenick,
Sleator va Tarjan trinh bay.

D€ c6 tu tudng dé vt ngin thuit todn, ching ta da tim hidu
cac cal dat thyc t&, ngudi doc nén nghién eitu tham khéo vat chat
cdc chuong trinh tién ich dé sdp xép trong hé thong may tinh.
Ching can thigt xi Iy cic dang ctia khéa, méu tin va tap tin cing
nhu cic chi ti€t khac, thuting 1y thu khi x4c dinh cdc thuat toan
dong vai tron nhu th& nao.
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BAI TAP

1. Hay md ta lam th& nio ban thyc hign duge phép chon ngoai
(external selection) : tim phén tu 1dn nhét thi k trong mft tap
tin N phan ti, trong 46 N Ia I6n hon nhigu kich thudc cia mét
tap tin nim vita khia trong b nhé chinh.

2. Cai dat thuat toan chon thay thé, sau d6 ding né d€ kiém tra
yéu cau la : cdc duting chay dugc sinh ra la khoang gip hai [an
kich thude bd nhd trong. *

3. Truting hgp xau nhit ¢ thé xay ra khi phép chon thay thé dugc
dimg @é sinh ra cdc dudng chay khdi dau trong mot tap tin gdbm
N ban ghi, sit dung mdt hang uu tién c6 kich thude M véi M<N

4. Ban sép nhu the nao di lidu cia mdt dia ndu khdng c6 bd nhd
nao khac (ngoai bd nhd chinh) 1a ding duge ?

5. Ban sé sép x&p nhu th& nao dif lidu cha mdt dia néu chi c6 mot
bang tir (tape) (va bd nhd chinh) la ding duge ?

6. Hay so sanh phép tron cén bang nhléu duting 4-tape va 6-tape

v phép trdn nhidu budc véi ciing s5 tape, cho 31 dudng chay
khéi dau.

7. Cé bao nhidu bude ma phép trdn nhidu budce 4-tape st dung khi
duge bt dau véi 4-tape chia 26, 15, 22, va 28 duong chay khdi
dau ?

8. Gid =1t 31 dubng chay khdi dau trong mdt phép tron nhidtu bude
4-tape mdi cai dai mdt ban ghi (ban dau duge phan bs 0, 13, 11,
7) ¢& bao nhiéu ban ghi trong moi mot tap tin duge néi 'dén
trong phép tron 3 duding cudi cung ?

9. Céc tap tin nho sé duge kiém soat nhu thé ndo trong mdt ban
cii dat Quicksort duge thi hanh trén mot tap tin rit 16n trong
mdt mbi trudng bd nhd do ?

10. Ban sé t§ chifc nhy th& nao mdt hang vu tién ngoai ? (cy thé,
héy thigt k& mot cach dé hd trg cic thao tac insert va remove
trong chucng 11, khi s5 phan ti trong hang wu tién o6 thé
phinh that 1dn so véi kich thude mdt hang nam khit trong bd
nhé chinh)
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CAC PHUONG PHAP
TIM KIEM CO BAN

Vigce tim kigm 13 thao tic nén méng cho rdt nhigu tic vu tinh
todn, tim kiém nghia 14 tim mdt hay nhidu méu théng tin tit mot
s6 lugng 16n thémg tin da duge luwu trtt. Thong thubng thdng tin
duge chia thanh cic méu tin (record), mdi mau tin c6 mdt KHOA
(key) diing cho vigc tim kigm. Muye dich cia viee tim kigm la tim
tit cA cAc mAu tin ma khéa cia ching dong nhat véi mot khéa da
cho trude. Sau khi mét mau tin da duge tim thdy, théng tin bén
trong cia né sé cung cip cho mjt qua trinh x1 1y nho d6.

Viee tim kigm duge ap dyng rit da dang va rong rii. Vi dy,
mdt nha bang can theo doi tit ca cic can ddi thi khoan cia cac
khéch hang va can phai tim kigm d& kiém tra cac bign dong. Mot
hé théng trg giip ban vé mdy bay cing cé cic yéu cau tucng ty,
tuy nhién hau hét cac di ligu trong dng dyng nay c6 thii gian séng
ngén hon.

Hai thuat ngit thuing dung dé md ta cdc ciu tric dif ligu cho
vige tim kigm la TU DIEN va BANG KY HIEU. Vi dy, trong mdt
tu dién tiéng Anh, “khéa” 1a tit va “mau tin” l1a dién giai cho tir 46,
mdi méu tin chl.'ra dinh nghia, phat Am, va cic thong tin kh;‘ac.
Chiing ta c6 thé tim hidu va danh gii céc phuong phap tim kigm
bang cdch suy nghi lam thé nao d& chi dat mot he théng tra ty dién
ti¥ng Anh. Bang ky hiéu chinh la ty dién cho chuong trinh: “cac
khéa” la cic tén ky hidu dung trong chuang trinh, vh “ciac miu
tin” chita thong tin mo ta déi tugng duge dat tén.

Trong tim kigm (cing nhu sfip x&p) ching ta ¢6 nhing chuong’
trinh duge ding thuting xuyén va rong rii, vi vay sé rit cd ich khi
nghidn et chi tiet nhigu phiong phap khac nhau. Gidng nhu sip
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x8p, trude tién ching ta s quan sit cic mdt vai phuong phap sg
ding rét o6 ich khi ding véi cdc bang nhé va mdt s& trudng hgp
dic bigt, k& d&n s& minh hoa cde ki thuat cd ban duge dung trong
cdc phudng phap nAng cao. Ching ta s2 nghién aiu cic phuang
phép luu trit cac miu tin trong cdc mang ma duge tim kitm véi
v6i sy s0 sdnh khéa hofic duge dat chi myc (index) bdi cic gid trj
khéa. Sau d6, chiing ta s& xem xét mot phuong phap cd ban dé xay
dyng céc ciu tric duge dinh nghia bdi cde gid trj khéa.

Cing nhu d6i véi cic hang dgi, cach t8t nhit 48 suy nghi ve
cdc thuat todn tim ki€m 1a dua ra céc thao tic tdng quat duge mit
ra tit cdc chi dat cu thé, sao cho céc chi dat khéc nhau o6 thé duge
thay th& dé dang. Cac thao tac bao gom:

INITIALIZE khdi tao ciu tric d@ lidu. X
SEARCH  tim kifm mt hay nhi¢u mau tin ¢6 mdt khéa da cho.
INSERT chén them mdt mdu tin mdi. )
JOIN ndi hai ty dién d8 tao thanh mdt ty dién lan hon.
SORT sAp x&p ty dién; xudt ra tit ca cdc mAu tin theo

tht ty duge sip x&p.

Dai khi céc thao tic niy dude t8 hgp thanh mét thao tac phie
tap hon, vi du mdt thao tic SEARCH_and INSERT (tim kigm va
chén vio) thudng duge ding trong cic trudng hgp cde mau tin véi

“khéa bang nhau khéng duge phép luu trit trong ciu trde di lidgu.
Trong nhidu phuong phép, ci méi an xac dinh mot khéa nao 46
khéng o6 trong ciu tric di lidu thi trang thai ndi cla thi tyc tim
ki&m sé chua chinh xdc thang tin can thiét dé chen them mét mau
tin méi vdi khéa da cho.

Cac méu tin véi cic khéa bing nhau c6 thé duge xd 1y bai
nhidu phuong phap, phu thube vao ting ing dung cu thé. Trudc
tién, ching ta s& xét cac cdiu tric da lidu tim kiEm eg s3 chi chua
cic mAu tin véi cdc khéa phan bigt. Sau d6 méi “méu tin” trong
cdu tric dit lidu nAy phai chia, ching han nhu mdt xau lién két
cla tit ca cAc mil tin o6 cling khéa dé. Day 1a sy dan x&p quen
thude tir quan diém clha ngudi thist k& cic thuat todn tim kism, va
sy qui udc nay cing duge dung trong mot s nhing wng dung khi
tat cA cdc mAu tin vdi cling mét khéa duge tra va béi mdt thao tac
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SEARCH. Kha nang thu hai 1 giit tht ci cdc miu tin véi cac khéa
bang nhau trong céu tric dit lidu tim ki&m cg s3 va tra vé bit ky
mdt méiu tin nao néu o6 trong mdi an SEARCH. Trudng hgp nay
thi don gian hon, thuting xay ra vdi cic Ung dung ma x& 1§ méi fan
mdt miu tin va thi ty x¥ 1§ cdc miu tin véi khéa bing nhau ja
khong quan trong. Mot khi nang thd ba la Ia gia si thing mdi mau
tin, ngoai khéa ra, s& o thém mot chi danh duy nhat va doi hoi
ring mbi thao tdac SEARCH tim thdy modt miu tin vdi mdt chi
danh da cho. Con nhi¢u so do phite tap hon c6 thé dung dé phan
bigt cic méu tin ¢6 khéa bing nhau.

Mbi thho téc duge ligt ke ben trén deu o6 nhing vng dyng rit
quan trong va mdt sd 16n nhing td chic dit lidu co s& da duge da
nghi d& 6 thé dung phéi hgp céc thao tac trén mdt cach hiéu qua.
Trong chucng nay va mdt vai chudng t8i, ching ta.sé quan tam
d&n cich cii dat cic ham oo ban SEARCH va INSERT (va di
nhién cing dé cip dén INITIALIZE), cing v4i mét vai ghi chu ve
DELETE va SORT khi can thigt. Gitng nhu cic hang dgi, thao tac
JOIN dbi hoi cac ky thuit nang cac han ma ching ta chua thé
nghién citu chiing & day.

TiM KIEM TUAN TU

Phuong phap don gian nhit dé tim kifm 1a luu trd cae mdu tin
trong mdt mang, va k& d6 duyst xuyen qua toan bd mang mét cich
tuan ty, mdi [an tim thay mot mAu tin. Doan chuong trinh & trang
sau dua ra mot chi dit cla cac ham oo s sit dyng phuong phdp
quan ly don gidn nay va minh hoa mdt vai qui t6c ma ching ta sé
diing @€ chi dut cic thuat todn tim kidm.

Doan ma nay x\ I cac mdu tin o6 cic khéa (key) v “théng tin
di kém” c6 gid tri nguyén (info). Gisng nhu sip x&p, nhidu vng
dung rit cin md ring cic chuong trinh d8 lam vige trén cic méu
tin va khéa phic tap hon, nhung didu nay sé khong lam thay ddi
nhidu cic thuat todn. Vi dy, truding info c6 thé thay ddi thanh mot
con tro d&n mot ciu tric mau tin phic tap. Trong trutng hgp nhu
the, truding niy c6 thé xem nhu mdt chi danh duy nhat cia mau
tin d€ phan biét nhing méu tin o6 khéa bing nhau.
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type node =record
key, info:integer;
end; '
var a; array/l..maxNjof node; N: integer;
procedure initialtze;
begin N ;= 0;
end;
funetion segsearch(viinteger; x: mteger) integer;
begin
a{N +17 key =y
if x then repeat x;=x+ ] until v=afxLkey;
seqsearch ;= x;
end;
function seginsert(v:integer); integer;
begin
N .= N+1; afNlkey:=v, seginsert := N;
end;

Tha tyc seqsearch o6 hai doi s trong chi dat nay: mot gia tri
khoéa va mdt chi s§ mang (bi#n x). Chi s8 nay dung d& x1¥ Iy truding
he¢p nhizgu mau tin c6 cing mdt gid tri khéa: bing cach thuc hign
lign tuc t:=seqsearch(v, t} khdi dau véi t=0 ching ta c6 thé cho t
fan lugt nhan ting chi s§ cla cdc mau tin c6 khéa bang v.

Mot miu tin dac bigt c6 khéa 1a khéa dang tim duge them vao,
dieu nAy bao dam ring qud trinh tim ki€m s két thic va cling lam
don gidn hon phép kiém tra trong vong lap. Sau khi vong lap ditng,
néu chi &8 trd vé nhd han hay bang N thi d6 1a chi s8 clia méu tin
tim dugc, néu ngude lai thi trong bang da cho khong c6 mau tin
nao ¢ gid tri khéa muén tim. Ky thuat niy gidng nhu ky thuat
ding mot méu tin chda gia trj khéa nhé nhit hay 16n nhét d& lam
don gian cac vong lap clia cdc thuit todn sfp x&p trong cic chuong
8-12 hon.

TINH CHAT 14.1 Tim kiém tutn tt (cai dat mang) sit dung
ding N+1 phép so sanh cho mdt lim tint kiém khong thanh cong
va trung binh khoing N/2 phép so sanh cho mdt lan tim kiém
thanh cong.

Vdi truong hgp tim ki€m khong thanh cdng, tinh chit nay
dude suy ra tryc tigp tir doan chuong trinh. Trong trudmg hop tim
ki€m thanh cbng, nfu ching ta gia sit rang m&i mAu tin c6 kha
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néng tim thiy 14 nhu nhau, thi s8 trung binh ciia s& lan so sanh la:
1+2+3+.. N _ N+1

N 2
con s& nay bng ding mét nda cia trudng hgp tim ki€m khéng
thanh cing.

Tim ki€m tuan ty c6 thé duge cai dat bang mét phiong phéap
ty nhién bing cdch ding mdt xau lign k&t dé bidu didn ciac mau
tin. Mot trong nhing thudn Igi cia céch lam Iam nay i né o6 the
gt cho xau dugc sép xép, va nhy d6 ma c6 thd tim kim nhanh
hon.

type link = Ynode;
node = record key, info; integer; next: link;
end;

var head,t,z:link; i:integer;
procedure initinlize;

begin

new(z) 2zt next := z;

newfhead):headt next := z;

end;
Tunection listsearch(v:integer; t:link):link;
begin
ztkey = v;
repeat
t:=t! next
until v< =t 1 _key;
ifo=t? key

then listsearch : = ¢
else listsearch ;= z;

end;

Vi mdt xau da duge sip xEp, mot [an tim kigm 6 thé k&t thdc
khong thanh cong khi mot mAu tin c6 khéa 16n hon khéa dang tim
kiém duge tim thiy. Do d6, v@ mat trung binh, chi khoang mot
nifa cac miu tin (khong phai t4t cd) can dude kidm tra cho mot lan
tim kiém khong thanh cong. Thy ty sip x8p duge duy tri dé dang
bdi vi mdt mAu tin méi o6 thé chén vao xau mot cach dé dang tai vi
tri ma viéc tim ki€m két thic khong thanh cong:
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function lstinsert(vinteger; t:link):link;

var x link;

begin
zt key = v;
while ¢ .next key <vdot:=t! nexs;
newflx); x Y next .=t Jqext; tt next:=x;
xV key:=u;
listinsert .= x;

end;

Nhu thudng 12 d&i v6i cdc xfu lign k&t, ¢6 thd mot nit din dau
head va mdt nit két thic z 4& lJam don gidn chuong trinh. Do d4,
lenh listinsert(v, head) s& dat mdt mit mdi vdi khéa v vao trong
xau dudce trd tdi bdi trudng next cia head, va listsearch thi cing
tudng ty. Cac [an goi listsearch k€ tiép diing cdc xau tra vé cia [an
trudc 46 s& trad vé cic miu tin vdi cic khoa biing nhau. Nut két
thiic z duge ding cho trudng hgp khong thanh cdng, nghia 1a néu
listsearch tra vé z thi sy tim ki&n khong thanh cdng.

TINH CHAT 14.2 Tim kiém tutn ti (cii dit bing xéu cé thir
) stz dung trung binh khodng Ni2 phép so stnh cho cé hai trutng
hap tim kiém thanh cong va khong thanh cong.

Trutng hgp tim kifm thanh cong gidng nhu 43 ban & trén.
Trong trudng hgp tim kigm khéng thanh cdng, néu ching ta gia
* st ring khi nfing tim k&t thiic & mdi phan tI trong xAu va nit z 1a
nhu nhau thi s3 trung binh cia s8 [an so s4nh Ia:

1+2+. +N+(N+1) = (N+2MN+1)2

Néu duge biét théng tin vé thn s§ truy xuit cdc miu tin thi
ching ta c6 thé cai ti#n thuit todn tim kiém bing cich sip x&p cic
méu tin mdt cach thdng minh. Mot sip x&p “t3i vu” 1a dat méu tin
dugc truy xudt thuting xuyeén nhit & vj tri dau tign, mdu tin c6 tan
86 truy xuit thuting xuyén thit hai duge dat & vj tri tha hai.. Ky
thut nay o6 thé rit hidu qua, dac bigt trong trudng hgp chi coé mot
tap hgp nhé cic méu tin duge truy xuit thutmg xuyen.

Néu thong tin vé tan 8 truy xuit khong sgn o6, thi mdt sy xap
xi d&n sip x&p t8i vu o6 thé lam bing cich tim kidm “ty t8 chic™:
méi fan mdt méu tin duge truy xuat, thi di chuyén né 1n vj tri dau
tian clia xau. Phuong phdp niy s& dé dang cai dat néu ding mét
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xau lién két. Di nhién thdi gian thyc hign cta phuong phép phu
thude vao sy phan b cia cic mduy tin, rit khé tizn dodn né trong
trusng hdp tong quat. Tuy nhién, phuong phép nay s& thich hgp
trong trudng hgp mdi mau tin 6 khuynh hudng gan nhing mdu
tin khdc,

TiM KIEM NHI PHAN
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Hinh 14.1 Tim kiém nhi phan
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Néu tap hgp cic mau tin 16n thi tdng s6 thii gian tim kiSm s& duge
it ngén bang cach ding mot thi tuc tim kigm dya trén sy ung
dyng so do “chia-dé-tri”: chia tap hop cic mau tin thanh hai phan,
xac djnh xem phan nho chita khéa, k& dén tigp tuc qua trinh cho
phan chua khéa. S5 di chiing ta o6 the chia doi va chi tim tiép tuc
tim trén mét nia cic méu tin la nh vae gid thidt cac mdu tin
dugc sdp x€p theo thit ty khéa. Co thé gia sit cac méu tin duge sip
xép tang, trutng hop sip xEp gidm thi tudng ty. D& tim mét khéa
v ¢6 trong bang hay khong, trudc tién ta so sanh né véi phan ti &
vi tri gitfa cia bang, n&u v nhd hon thi né chi 6 thé & trong mot
nva dau tién cla bang; ndu v 16n hon thi né chi 6 the & trong mot
nita cbn lai cla bing. K& d&n 4p dung dé qui phuong phép nay. Bdi
vi chi goi d& qui mot [An, ching ta c6 thé dua ra thuat toan ding
phuong phap lap. Cai dat dudi day gia s rng mang a da duge sip
x&p tAng theo thi tu khdéa,
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function binarysearch(v:integer):integer;
var x, [, r: integer;
begin
l:=1Lr:=N;
repeat
x;=(l+r}div 2;
ifv afxlkey
then r ;= x-1
else! . =x+1;
until (v=afxlkey}or (I=r);
if v=afxlkey
then binarysearch := x
else binarysearch := N+1;
end; '

e
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T
i
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|

Hinh 14.2 Tim kiém nhj phén trong mot tip tin lom
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Giéng nhu cc thuat todn sdp x&p Quicksort va hoan chuyén co
80 (radix exchange), phuong phip nay ding cic con trd I va r 48
ddnh dfu tap tin con hign dang lam vide, Mdi khi vao vong lap bign
x nhén gid tri diém giita cia doan hidn hanh, va o6 ba kha ning:
vong Iip k&t thic thanh cong, hosic con trd trai duge thay déi
thanh x+1, hofic con tré phai duge d8i thanh x-1, tuong ng véi
gia tri khéa tim ki€m v bing, nhé hon, hay 1én hon gia trj khéa cia
méu tin duge luu triy § afx).

Hinh 14.1 cho thdly cac tap tin con duge kifm tra bdi phuong
phap nay khi tim kifm M trong mot bang duge xAy dyng tit céc
khéaASEARCHINGEXAMPLE,khidékichthu@cdoan
giam it nhit mdt nia & mdi budc, va nhu the chi can ding bon
phép so sanh cho vi dy nay. Hinh 14.2 cho thiy mét vi dy lén han,
véi 95 méu tin: chi can bay phép so sanh.

TINH CHAT 14.3 Tim kigm nhi phan khong boo giv ding
nhiéu hon Ig(N)+1 phép so sanh. ’

Tinh chit nay suy ra tryc ti€p tit nhan xét thng s8 cic mau tin
gidm it nhit mét nda d mbi bude: mdt cin trén cia s6 cac phép so
sanh théa man hé thdc qui nap Cy=Cypt1 va C;=1, cdng thic
niy ham y két qua bén trén (Cang thic 2 trong chudng 6).

Mot didu quan trong ¢an luu y d8i véi tim ki€m nhj phan la
thao tic chén thém mdt mau tin méi thi chi®m nhieu thdi gian, bai
vi mang phai dugc duy tri trong trang théi duge sip x&p va mot s6
miu tin phai duge di chuyén d& danh ch8 cho m&u tin méi. Vi du
néu mft miu tin mdi c6 khéa nhd hon bat ci mau tin ndo trong
bang thi méi miu tin phai duge di chuyén 1n trén mot vi tri. Mot
thao téc chén nghu nhién doi hdi trung binh khoang N/2 mdu tin
bj di chuyén. Do d6 phuong phap nay khong nén diing cho cic Ung
dyng ddi héi nhidu thao tac chén thém mdu tin. Phuong phap nay
sé rit 8t ndu xdy dyng bang mot lin (ding Shellsort hay
Quicksort) va sau d6 dung mot s3 1dn cdc thao téc tim kidm.

_Phai céin than trong truong hop cdc mau tin vdi khéa bing
nhau d8i v6i thuat todn nay: chi s tra vé oo thé roi vio gida mot
khdi cic mdu tin c6 khéa bang v, vi vay phai quét theo ci hai
hudng tir chi s§ d6 48 nhit ra tat ca cdc méu tin c6 khéa bang v. Di
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Hinh 14.3 Céy so sanh cho tim kidm nhi phéan

nhidn trong trudng hgp nay thdi gian chay cho viée tim kiém sip
xi vdi 1g(N) edng véi sd mau tin duge tim thay.

Mbt day céc phép so sanh o6 duge bdi thuit toan tim ki€m nhj
phan dudc xac dinh trudc: day nay phy thude vao gia tri cia khéa
dang dudc tim ki€m va gid trj ciia N. Cdu tric so sdnh c6 thé duge
md ta don gidn bdi mot cay nhi phan. Hinh 14.3 cho thiy ciu tric
so sanh cho vi dy cla ching ta. Khi tim kiém mét méu tin véi
khéa M, trude tién né duge so sanh vdi H, bai vi M 16n hon nén k&
d8n né duge so sanh vai N (truong hgp ngude lai nd sé duge se
sanh véi C), k& d6 nd duge so sanh vdi L, va k& d48n qua trinh tim
kigm k&t thic thanh cdng vao [an so sanh thi tu. Sau day chiing ta
88 xem cac thuit todn ding ciu tric ciy nhj phan duge xay dyng
tuting minh dé& didu khién qua trinh tim kigm.

Mbt cai tign cho tim ki#m nhj phan 14 o8 ging doan chinh xac
hon khéa duge tim thiy roi vio trong doan nao thay vi 1y nghu
nhidn mét phan td § gita. Digu nay tuong ty nhhy mot nguti dang
tra citu danh ba dién thoai, nfu tén bat dau véi chit B, anh ta sé tra
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Hinh 14.4 Tim kiém néi suy
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trong nhitng trang dau, nhung néu tén bit dau véi Y thi anh ta so

tra trong nhing trang gan cudi. Phuong phap nay duge goi la tim

ki&m ndi suy (interpolation search), chi can sda di mbt it chuong

trinh bén trén. Trong chudng trinh trén vi trf méi d8 tim kicm

{diém gita cta doan) da duge tinh bdi x := (+r) div 2, ma ¥ nghia

chinh 1 biéu thide: :
x=1+ 1 (r-1)

. 2 s
biém gita clia doan duge tinh duge tinh biing cich tham mobdt
nva kich thudce doan vao dau mut trai. Phuong phép ni suy thay
thé con s5 1/2 trong cbng thuc trén bing:

v—-a [1] key
a[r]key— a[l1].key
va ménh dé x := (1+r) div 2 s6 thay bai:
x:=1+4+ (v-afll.key) ¥ (r-1) div (alr).key - a[l] key).

Di nhién ring trong cdc bidu thic trén phai gia st cac khéa
mang gia trj s3.

Gia s trong vi dy clia ching ta cha thy i trong bang chit cii
tiéng anh dugc danh s 1a i. Khi tim kim cho M, vi tri dau tien
duge ki€ém tra sé 1a 9 béi vi 1+(13-D*17-1)/(24-1) = 9.3 ... Vige
tim kiém duge hoan chinh chi trong ba budc nhu duge chi trong
hinh 14.4. Cac khéa tim ki€m khdc duge tim thay higu qua hon
nhigu, vi dy phan ti dau tién va phan ti cudi cung duge tim thdy
ngay budc dau tién. Hinh 14.5 cho théy tim kism ndi suy trén mdt
tap tin 95 phan t& trong hinh 14.2; né chi st dung bén phép so
sanh trong khi tim kiém nhij phan doi héi bay phép so sanh,

TINH CHAT 14.4 Tim kiom ndi suy si dung it hon IglgN+ 1
Phép so sénh trong cd hai trudng hop tim thanh cong va khong
thanh cong, gid si tim trong céc tip tin vdi cée khéa ngu nhién.

Viéc ching minh k&t qua nay vugt ra ngoai pham vi cia quyén
sdch nay. Ham lglg(x)+1 tang rét cham d&n néi c6 the xem nhu
mot hang s8 khi xét vé mat ung dung: néu N la médt ty thi
IglgN+1<5. Do d6 bit ki mot mau tin deu o6 the tim thay chi
trong vai Ian truy xuat (xét v mat trung binh), day la mot cai tign

rdt manh cia phudng phap tim kigm nhj phin quen thude.



234 ' CAC PHUONG PHAP TIM KIEM CO BAN

AR
;..............-u-nnumum||IIIIIIII|III|I|I|||I||ﬂ|||||||||“"[ﬂ“
:..:...l....umumnu||||||||IIl||I“llll|||||||||||||||||“ﬂ|

pmm—

Hinh 14.5 Tim kifm ni suy frén mot tdp &n Ion

Tuy nhidén, phu‘dng phap tim ki#m ndi suy phu thude rdt nhidu
vao tinh phan b6 t8t cha cac khéa trén mot doan: né b thé bj “lia
gat” the tham khi cdc khéa khong phan bd t6t. Mat khic phuong
phép nay cing ddi hoi mot vai tinh todn va khi N nho thi IgN da
gan lglgN nén né ciing khdng t5t hon phudng phap tim kiém nhj
phan nhiu lAm. Phudng phap tim ki€m ndi suy thyc sy chi nén
ding cho céc tap tin 16n, vdi cie ¥ng dyng ma phép so sinh tra gid
qué dit, hay véi trudng hgp thao tac trén bd nhé ngoai.

TiM KIEM TREN CAY NH| PHAN

Tim kigm trén ciy nhj phin la méat thuat toan don gidn, mdt
phudng phap tim kigm dong hidu qua ma dud tu cich 13 mét trong
cac thuit todn nén moéng trong khoa hec méy tinh. Thuat todn néy
s3 dT duge ban & day nhu mdt thuft todn oo ban bdi vi né don gidn;
nhitng né 1a phuong phap tim ki¥m duge chon lya trong nhidu
truting hyp dng dung.

Chung ta vira thao luan vé chy trong chuong 4. Hay 8n lai tinh
chit cia mot cay: mdi nut chi duge tro tdi bdi duy nhit mot mit
khac goi la cha clia né. Mot cdy nhj phan thi mbi nit c6 hai lign
k&t trai va phai. D&i véi vidc tim kim, mdi nit cia ciy o6 mjt
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Hinh 14.6 Mjt cay tim kidm nhi phén

méu tin chia gia trj khéa; trong mdt ciy-tim-ki®m-nhj-phan
ching ta gia thigt ring t4t ca cdc mAu tin véi cic khéa nhd hon thi
& trong cAy-con-tréi va tit ca cdc mdu tin trong cAy-con-phai 6
gia trj khéa ldn hon hay bang. Ching ta thay riing s& hoan toan
don giin d8 bao dam cho cay tim kiém nhj phan théa mén dinh
nghia cda né khi chen thém vao cay mdt nit méi. Mot vi dy ciaa
ciy tim ki®m nhj phén duge chi trong Hinh 14.6; nhu thutng 12
cc cay con réng duge ky higu bdi cic nit vudng nho.

Thi tyc tim kim giong nhu thi tyc binarysearch dugc ham ¥y
tryc ti€p nhy vao ciu tric da dinh nghia. D& tim mot mau tin véi
khéa v da cho, trudc tién ta so sinh né véi nit géc, ndu né nhd han
thi di d&n cay con trai, n&u bang thi ditng, ndu né 16n hon thi &
dén cay con phai. Ap dung d@ qui qué trinh néi trén cho cic cily
con. U mbi buéc, ching ta chic riing khong o6 bd phan nao clia cay
ngoai cay-con-hién-hanh c6 thé chia cac mau tin vdi khéa Ia v, va
“cly con hién hanh” nghy chng nhé hon. Tha tuc s& dirng khi cé
mét mAu tin véi khéa v duge tim thay hoac “cly con hién hanh”
trd ndn tréng nghia la khong c6 mot méu tin nao o6 khéa v. (Cée
tt “nhj phan”, “tim ki€ém”, va “ciy” duge dung nhitu fan, doc gia
nén cin than phan bitt sy khac nhau gita ham binarysearch da
dugc trinh bai trong phan trude day clia chudng nay va eac cay tim
ki¢m nhj phan duge mé ta & day. Trong tim kigm nhj phéan ching
ta dung mét cay nhj phan d€ mb ta day cia cic phép so sanh duge
tao ra boi mot hiim tim kigm trong méang; & day ching ta xay dyng
mét ciu tric dit lidu gom cdc méu tin duge litn k&t véi nhau va
ding cu tric di lidu ndy cho vige tim kigm.)
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type link= trode;
node=record key, info: integer; l r: link; end;
var t, head, z: link;
function treesearch(v:integr; x:link):link;
-~ begin
2zt key:=u;
repeat
ifv x1 . key thenx =1}
else x:=x1 .1,
until v =::T Rey;
treesearch := x;
end;

Ta qui ude ding mit head ma lien k&t phai cia né tro téi mit
goc cla ciy va khéa cia mit head nho hon 4t ci cac khéa khac (4
don gidn ta cho khéa cia head bing O vh gid st tdt ca cédc khéa
khic Ia nguyén dudng), lien két trai cla bead thi khdng dudc ding.
Syt can thi&t clia head sé 16 rang hon khi ching ta thdo luan d&n
thao téac chen.

D& tim kifm mdt mdu tin o6 khéa v ching ta cho
x:=treesearch(v, head). Néu mot mit khdng cb ciy con trai (hay
phai) thi lién két trai (hay phai) clia né duge tro tdi mit “dudi” z

Hinh 14.7 Mot ey tim kiém nhi phéan (véi cde nit gid)
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Nhu trong trutng hgp tim ki€m tuin ty, ching ta dat gia tri dang
mudn tim & trong z d8 dimg mét qu4 trink tim ki€m khéng thanh
cbng. Do d6, “chy con hign hanh” trd t3i bdi x khéng bao gits trd
thanh réng vd moi quéd trinh tim kiém deu 1a “thanh cong™:
chuong trinh goi o6 thé kiém tra lien két duge tra ve o6 tro dén z
hay khéng dé x4c djnh qua trinh tim kiém o6 thanh céng hay
khéng.

Nhu da chi trong hinh 14.6 & bén trén, ta qui udc cice lign k&t
tro tdi z nhu Ia trd 6i cdc mit ngoai, tit cA cdc qud trinh tim kism
khong thanh cdng déu két thic & céc niit ngoai. Cc nit théng
thung cd chita cac khéa duge goi la cic mit trong; khi dua thém
khai nigm nit ngoai thi 1& ra mdi nit trong deu phai trd dén hai
nit khic clia ciy nhung vé mit chi dat ching ta cho tit ca cac mit
ngoai duge bidu dign chi bdi mdt nit z duy nhit. Hinh 14.7 cho
théy céc lign k&t nay va cdc nit gid mdt cich tudng minh.

Cay rdng duge bidu dién bdi mot lidn k&t phai cia head tré téi z
dugc tao lap bdi doan chueng trinh sau:

procedure trecinitialize;
begin
new(z): z ti.= zztr.= 2;
new(head); head 1 key:= 0; headt.r:= z;
end;

Khdi tao ndy tré céc lien k&t clia z d&n chinh né; mac di cic
chuong trinh trong chuong nay khong bao git truy xuit dén cac
lién k&t clia z, khdi tao nay “an toan” vi qui uée cho céc chuang
trinh ning cao hon mé ching ta s xét d8n sau nay.

Xét vi dy tim khéa I trén ciy trong Hinh 14.8 bing cach ding
thi tyc treesearch. Trude tién I duge so sanh véi khéa A & gbe. Bai
vi I ldn hon né ti€p tuc duge so sanh véi S, et tiép tyuc nhu the I sé
dugc so sanh véi E, R, va cudi cling 1a H. Céc lign két trong nit
chida H trd t4i z va qua trinh tim ki&m k&t thic: I duge so sanh véi
chinh né & trong z va tim ki#m k&t thic khdng thanh cong.

D& chén thém mot nit mdi vao cay (gid sit ching ta da tim
ki€ém n6 khong thanh cdng, k& d8n gap né trong ndi chia z), ching
ta can mot thi tuc duy tri cha p cta x trong khi duyét cay tir gée
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Hinh 14.8 Tim kiém (cho khéa l) trén mét cly tim kiém nhi phan

dén ngon. Khi tip xic véi ngon clia cly (xay ra x=z), p trd tdi nit
ma lign k&t cia né phai duge thay ddi @& trd d&n mit mdi dug
chén vio. :

function treeinsert(v:integer; x:link).link;
var p; link;
begin
repeat
p=x
if v xT.key then x ;= x'./else x.'=xT.r;
until x=2z;
"newfx); x f.key c=watli=zatr=z
ifv pf.key thenpl.il.=xelsept.r.=x;
treeinsert 1= x; '
end;
Mot khéa v c6 thé duge thém vao ciy bang cach goi ham
treeinsert(v, head). Ham nay tra vé mdt lien két tdi nit méi duge

tao sao cho thi tuc goi o6 thé &4t cdc gid tri thich hgp vao trutng
info.

Khi chén mdt nit mdéi ¢6 khéa bang véi mot khéa nao d6 da cb
sén trong cAy, nit méi sé dugc chén vao bén phai cla nit da cd
san. T4t ca cic miu tin o6 khéa bing véi v o6 thé duge xii 1y bang
cach dat lidn tuc t vao search(v, t) nhu ching ta da lam trong tim
kitm tuin ty,

Cay trong Hinh 14.9 06 duge khi chen cic khéa ASEARCH
T vio mét cay trong da dude khai dong; Hinh 14.10 cho théy ting
budc mot khi ta thtm N G E X AM P L E vao cay trong Hinh
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Hinh 14.9 Chen (khoa I) vao mdt cdy tim kiém nhi phén

14.9. Doc gia nén chi y dén vj tri cic khéa béng nhau trong cay
nay: ching han mic di ba khéa A dlrdng nhu trai dai trong cay
nhung khoéng cé khéa nao “xen gida” ching.

Khi ding cic cly tim kiém nhi phan thi ham sort (sip-x&p) tu
dong c6 duge nhd vao chu tric pua ciy, néu quan sat ky sé thay cac
khéa duge sip x&p theo thi tu tit trdi sanh phai (khéng k& chieu
cao va cic lien két). Mot phudng phdp sip xép duge suy ra tif céc
tinh chit clia cAy tim ki€m nhj phan nhd qu4 trinh duyét cay theo
mdt tha ty xac dinh.

procedure treeprint(x:link);
begin
if x< >z then

begin
treeprint(xt 1);
printnode(x);
trecprint(x t RJX
end;

end,;

Viée goi treeprint(head? 1) & in cic khéa ctia _cay theo thit ty.
Qua trinh nay dua ra mot phLIdng phip sip x&p tuong ty nhu
Qulcksort trong d6 mit gbc cua cay déng vai tro phan t& phan
hoach ciia Quicksort. Diém khéc nhau gitta hai phuong phap sép
xép la phudng phap sip x8p dya vho cAy tim ki€m nhj phan phai
dung thém nhidu b nhd trg giip, trong khi Qulcksort diang it bd
nhd trg gidp.

Thoi gian chay cia cdc thuit todn trén cic cay tim kidm nhj
phan hoan tohn phuy thudc vao hinh dang cta cay. Trong trudng
hgp t6t nhét, cly s& ¢6 hinh dang gitng nhu Hinh 14.3 vdi khoang
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Hinh 14.10 Xay dung mét cay tim kiém nhi phéan

IEN nit ndm gida nit géc va méi nit ngoai. Chiing ta hy vong c6
thoi gian tim kiém trung binh x4p xi logarit, bdi vi phan t& dau
tién duge chén vao sé la goc cia cay; Néu N khéa duge chen vao la
ngiu nhién thi phan tir dau tién sé chia tip céc khéa ra lam doi
(xét v& mat trung binh), 1y luan tudng ty cho céc ciy con chiing ta
thay thuat toan c6 thoi gian tim ki€m trung binh x&p xi logarit.

TINH CHAT 14.5 Mot thao tac tim kidm hay chen trén mot
cty tim kiém nhi phan doi héi trung binh 2InN phép so sénh,
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=

Hinh 14.11 Mjt céy fim kiém nhj phan lon
trong dé cay dang xét duoc xay dung tir N khéa ngéu nhién.

Véi mdi nit trong cay, sd cac phép so sanh dung cho thao tac
tim kigm thanh cong la khoang cach tir mit dé6 t6i goc. Tong clia
khoang cich nay xét trén tit ca cac mit duge goi la dp dai duong di
trong cua cay. Chia dp dai dudng di trong cho N ching ta c6 s8
trung binh cla s8 [An so sinh cho trudng hgp tim ki#m thanh
cdng. Mat khéac néu Cy ky hidu d) dai duong di trong cuia ciy tim
kiém nhj phan c6 N nll.'lt thi ta c6 cong thic truy hoi:

Cy = N-1+_— % (Cpy +Cxy)

lskgN

trong d6 C;=1. Cong thuc nay gan giéng nhu cong thic ching ta
da gap trong Chuong 9 dsi véi Quicksort va né co thé suy ra dieu
khiing cta tinh chit 14.5 mot cich dé dang. D&i vdi tim kiém
_khdng thanh cong thi ban c6 thé lam tuong ty, miac dit né phic tap
hon Elcot ti.

Hinh 14.11 cho thdy mdt ciy tim kim nhj phan dugc xay
dyng tir mdt hodn vj nghu nhién 95 phan ti. Mac di né c6 mot so
dudng di ngin va mdt s6 dudng di dai, né c6 thé ditgc xem nhu
hoan toan cAn bang: moi thao tac tim kigm deu dung it hon 12
phép so sinh, s8 [an so sanh “trung binh” @& tim thay mot khéa
trong cay la 7 trong khi truong hgp tim kigém nhj phan la 5.74. (S6
[an so sinh trung binh trong trudng hgp tim kiém nghu nhién
khong thanh cong hon s& [an trung binh trong trudng hgp thanh
cong 1a 1). Hon nita, khi mot khéa mdéi dude chen vao thi sé doi hoi
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cing s5 [an so sénh trung binh nhung linh déng hon d6i véi tim
ki€ém nhj phan. Tuy nhién, néu cic khéa khong dugc sap x&p ngiu
nhién thi thuat todn sé ¢6 thé thyc hién kém hon.

- TINH CHAT 14.6 Trong truimg hop xdu nhét, mot thao tc
tim kiém trén cay tim kiém nhi phan c6 N khéa cé thé doi héi N
lan so sanh.

Khi cac khéa duge chen vao theo thi ty (hay thu ty nguge),
phuong phéap tim ki€ém trén cay nhj phan sé khong tst hon phuong
phép tuan ty ma ching ta da thiy ¢ dau chuong nay. Hon nita con
nhiédu dang cay thoai héa khéc ciing c6 thé dua dén truong hgp xiu
nhu trén (vi du nhu cay duge tao khi cic khéaAZBY C X .. dudgc
chén theo thu ty d6 vao mot cay tréng da duge khdi tao). Trong
chuong ti€p theo, chiing ta s& xem xét mot ky thuat d& khi trudng
hop xau nay va lam cho tit ca cdc cay gan giong nhu ciy trong
truong hgp xau nhat.

XOA NUT TREN CAY NHI PHAN

Céac cai dat trén cho cac ham cd ban SEARCH, INSERT, va SORT
thao tc trén cay nhi phan thi hoan toan khong c6 trd ngai vé mat
cai dat. Tuy nhién cay nhj phan cing cung cip mot vi dy t6t dang
ban trong cic thuat todn tim kigm: ham DELETE khong dé dang
cai dat nhu ciac ham da xét d trén.

Hay xem cay bén trai trong Hinh 14.12, mot niit sé dugc x6a
dé dang néu:

Hinh 14.12 Xéa (niit E) tir mot cay tim kiém nhi phén
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® ‘mit d6 khong c6 con, ching han nhu L hay P ta tia né bang

cach lign k& cha né véi nuil.

® mit chi 06 mdt con, chdng han nhu A, H, R thi di chuyén

lién két trong con tdi lien k&t cha thich hgp.

® niit co hai con va mdt trong hai con cta né khéng ¢ con,

ch&ng han nhu N, ta dung nit khéng o6 con d8 thay cha ctia
né.

Nhung truting hgp khéc déi vdi cac mit & fAng cao hon, ching
han nhu nit E, thi phai x ly-nhu the nao?

Hinh 14.12 cho thiy mdt phudng phap d€ xéa E: thay thé né
bdi nit k& tiep ma 8 tAng cao nhét (trudng hop nay 13 H). Nt nay
bao dam diéu kidn c6 nhidu nhat mot con (bdi vi khong c6 mit nio
gitta nd va mit bj x6a nén lién k&t trai cia né phai la null), va xéa
n6 thi dé dang. D& xdéa E tir cAy bén trai cda Hinh 14.12 chiing ta
tro lien k&t trai cia R tdi lien k&t phai cua H (trudng hop nay la
N), k& dén sao chép céc lign két tir nit chida E vao mit chia H va
trd head ' .r dén H. K&t qua la ta dugce cay bén phai trong hinh vé.

Chuong trinh xét day du tit cd cdc trudmg hgp thi phic tap
hon nhigu so véi cdc chudng trinh don gian cho cdc thao tac tim
kig¢m va chen, nhung né rét cd ich cho cde thao tac trén cay phic
tap hon ma ching ta s& ban dén trong chudng sip tdi. Thi tuc sau
day xda nidt duge tro téi bai t tit ciy b gic 1a x. Do 46, mot mit vai
khéa v ¢ thé dude xda biing cach goi:

treedelete(treesearch(v, head), head).

Bién p duge diing d& theo doi cha cla x & trong cay va bién ¢
duge dung dé tim thiy ndt ndi ti€p cla nit bi xéa. Sau khi xéa
xong, thi x la con cua p. Vige giai phéng mit duge tro tdi boi t sé
gianh cho chuong trinh goi (hay 6 thé khéng giai phong ma dua
n6 vac modt cau tric dit lieu khae).
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procedure treedelefe(t, x:link);
var p, c; ¥nk;
begin
repeat

pi=x
ift1 key< xt keythenx .=zt
elsex:=xTr;
until x=¢
ifttr=zthenx;=x11
else ift!.rt.1=zthen

cr=xty
whilect.it.l <> zdoc:= ctl
x'= cT.I;cT.I::xT.r;xT.l:= tT.l;

xT.r:= tT.r;
end;
ittt key < pt ey thenpt i:=x
elsepf.r:=x;

end;

Trudc tién chuong trinh tim trén ciy bang phuong phap thong -
thuding d€ 18y vi tri cua t trén cay. K& dén, chudng trinh kiém tra
ba trudng hgp: néu t khong o6 con phai thi con clia p san khi x6a
$& 1a con tréi cia t (day la truting hop nhu C, L, M, P, va R trong
hinh 14.12); n&u t c6 mdt con phai v con phai nay khdng cé con
trai thi con phai nay s& 1a con cla p sau khi x6a va lién két trai cta
né duge sac chép tit t (day Ia trudng hgp ciia A v N trong Hinh
14.12); trong truong hdp nguge lai x nhén gia tri cia nit o5 khéa
nhé nhit trong ciy con bén phai cta t, lidn k&t phai cia nit d6
dudc sao chép vao lién k&t trai cia cha nd, va ca hai lign k&t cia nd
duge nhan gia trj ti t (day 1a trudng hgp cia H va E trong Hinh
14.12).

Thujt todn trén dubng nhu khong ddi xing: ching han nhu tai
sao khong su dung khéa di ngay trudc khéa bi xéa thay vi s dyng
mot khéa di ngay sau khéa bi x6a? Nhidu sy higu chinh da dang
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cta né da duge dé nghi, nhung sy khac nhau khéng dang ké trong

cac dng dung thyc t&. Thuit todn trén o6 thé dAn d&n mot cay kha
khéng can bing (chidu cao trung binh tUcmg dudng vdi sqrt(N))
néu gap phai mét s8 1dn cdc cip thao tdc xéa-chén nghu nhién.

Trong nhigu trudng hgp thi vide xéa ddi héi sy chi dat phic tap
hon, do 46 ngudi ta cing ding mdt phucng phap xéa khac goi la
“x6a ludi bléng” (lazy deletion), khi mdt mit bj x6a thi ban than né
van con nim trong ciu tric di ligu va bi danh diu x6a. D& véi
phuong phap nAy lai phai chudn bj phuong 4n xay dung lai toan b
ciu tric dd ligu, bd di (thyc sy) nhing nit bi danh diu x6a, khi
can thiét.

CAC CAY Tim KIEM NH| PHAN GIAN TIEP

Nhu ching ta da thidy véi cac heap trong Chuong 11, d8i véi nhieu
ing dung ching ta mudn 6 mot ciiu tric tim kiem dé c6 thé tim
cidc mAu tin mdt cach dom gidn ma khéng di chuyén ching. Vi du
chiing ta o6 mdt mang a[1..N] cidc mdu tin véi ciac khéa vh mudn
c6 thi tuc tim kigm @€ 13y duge chi s8 cia mdu tin o6 khéa bang
vii mdt khéa da cho trude nao 46, Doi khi ching ta mudn xéa miu
tin vdi chi 86 da cho tf ciu tric tim kiém nhung laji mudn gid né
trong mang d&€ diing cho muc dich khic.

DE chi dat cac cay tim kiSm nhi phan cho cic tinh huéng nhu
the, ching ta chi can cho truding info cfia cac mit la chi s6 mang.
K& d&n chiing ta o6 thé loai bd trutng key nh vao cac chudng
trinh tim kifm truy xuit cic khéa trong ciac mau tin mdt cach
gidn tiép, nghia 14 bai mdt chi thj gidng nhu

if v < a[x!.info] then ...

_ Tuy nhidn, t5t hon hét la tao mot ban sao cua khéa va lam
tuong ty nhu trén. Ching ta ding han bstinsert(v, info;integer;
x:link} tugng tif nhu treeinsert, nhung ham bstinsert dat gia tri da
cho cia d3i sd vao trudng info. Ham bstdelete(v,info:integer;
x:link) dung 4& xéa nit véi khéa v chi 88 mang info tit ciy tim
kigm nhj phan o6 gc 6 x ciing bit chuée cich cai dat clia ham
treedelete. Cac ham nay diing mot ban sao chép phy cia cae khéa
(mot & trong mang, mdt § trong ciy), nhung diée nay cho phép
cing mdt ham duge dung cho nhidu mang, hoic nhu sé thiy trong
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Chudng 27 nhidu truding khéa trong cling mdt mang. (C6 nhidu
phudng phép khdc d€ lam duge didu nay: ching han nhu mdt thi
tuc c6 thé duge két hgp mbi cay duge trich cic khéa tir ciac miu
tin.)

Mot phuong phép khac d€ c6 “sy gidn ti€p” cho cac cay tim
kigm nhj phan la b6 toan bd cic cii dat lien k&t. Nghia Ia t4t ca cac
lien két trd thanh céc chi s8 cia mdt mang a[1..N] ecic mau tin,
mdi méu tin chia truting key v cdc truting chi s§ mang 1 va r. Cac
tham chiéu lién két chdng han nhu

if v< x? key thenx :=x1lelse ...

2 tré thanh tham chigu mang nhu

if v < alx] key then x := a[x]]else ...

S& khong 6 cdc Iénh goi new trong trudng hop nay bdi vi cay
ton tai trong mang cAc mau tin, new(head) trd thanh head := 0,
new(z) tro thinh z := N+1, va dé chén nit thi M ching ta s8 gdi
M thay vi v tdi ham treeinsert, k&€ d6 chi can tham chidu tgi
a[M].key thay vi tham chiéu t6i v, sau ciing thay th& dong new(x)
trong treeinsert béi x := M.

Phuong phdp cai dat cdc ciy tim kifm nhi phan nay ding dé
tim ki€m trong cic mang I6n cic miu t'm rit va ding trong nhiéu
uWng dung bdi vi né tranh sao chép céc khéa nhu phudng phap wita
trinh bay trudc né va cing tranh ding ham cip phat new nhisu
lan. Khuy8t diém clia phucng phap nay Ia sy hao phi cc khoang bo
nhd khong ding trong mang céc mdu tin.

Mét phudng phap thi 3 la ding cic mang song song nhu da
lam cho cdc xau lign két trong Chudng 3. Syt chi dat cua phudng
phép nay rit nang nhu 45 md ta trong doan trudc, ngoai ra ba
mang duge dung, mot mang diing cho cac khéa, mot dimg cho cac
lien k&t trai va md diung cho céc lien k&t phai. Thuan lgi cia
phuong phédp nay la tinh linh déng cia né. Cdc mang trg gidp
(thong tin trg gitp k&t hgp véi mdi mit) cé thd duge them vao ma
khong can thay d6i céc thao téc trén ciy, hon nda khi cic thi tyc
tim kiém tra vé chi 6 clia mét nit thi ta c6 thé truy xust trye tidp
dén tat ca cdc mang.
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BAI TAP

1. Cai dat mat thuat toan tim kifm tuan ty ma dbi hoi trung binh
khoang N/2 budc cho ca hai trumg hgp tim kiém thanh cong va
khéng thanh cing, thuat toan nay luu cac mau tin trong mot
mang duge sAp x&p.

2. Hay cho bigt thy ty cla cic khéa sau khi cdc mAu tin o6 cic
kh6aEASY QUESTION duge dat vao mét bang khdi tao
dng bing cich dung hai ham search va insert cia thuat todn
tim ki#m heuristic tu quan ly.

3. Hay dua ra mét cai dat dé qui clia thuit todn tim ki€m nhj
phan.

4. Gia st a[i]=2i voi 1<= 1 <= N. C6 hao nhiéu vi tri trong bang
dude ki€m tra khi diing tim kigm ndi suy trong trubng hgp tim
ki#m khong thanh cdng cho 2k - 1 ?

5. V& ra cay nhi phan o6 duge khi chén cidc mu tin véi cac khéa E
ASYQUESTION vao mdt cay ring da khéi tao.

6. Vist mdt chuong triph d@ qui d€ tinh dd cao clia mdt cay nhi
phan: khoang cach dai nhat tir goc d&n méot mit ngoai.

7. Gia s ring ching ta c6 mdt uée lugng trude vé tan s& truy xudt
cua cac khoa trong mot ciy nhj phan. Cac khda nén duge chen
vao theo thi ty tAng hay giam cla tan s8 truy xuit? Tai sao?

8. Hay sura cay tim ki®m nhj phan sao cho n6 luu tit ca cdc khéa
bang nhau trong cay. (Néu bdt ki nit khac trong ciy o6 cung
khéa vdi mdt nit da cho thi hoac cha ciia né hoac mdt trong cic
con cua nd nén ob cung khéa.)

9, Viét mot chudng trinh khéng @2 qui 48 in ra cdc khéa trong cay
tim kiém nhj phan theo thi tif cia khéa.

10. V& mdt cay tim kiém nhj phan c6 duge khi chén cic mau tin
vii cic khéa EASYQUE S TIO N vao mpt cay rong da
khdi tao, vi k& 46 xda Q.



CAY CAN BANG

Cac thuat toan vé ciy nhj phan trong chugng trude rit t5t cho
nhisu dng dyung, tuy nhign ching s& c6 khuy&t diém trong trudng
hgp xfiu nhét. Ching han nhu d8i Quicksort, trudng hgp xau nhat
ciia né lai Ia trudng hop dé xuit hién trong thyc t& néu ngudi dang
thuat todn khéng chi y d&n né. Cac.i4p tin di duge shp thi ty, cac
thp tin vdi thd ty nguge, cic tip tin cic khéa 16n nhé xen Jin

nhau, hay céc tap tin vdi sy phan doan 16n 6 cfu tnic don gian c6
thé lam thuit todn tim trén cay nhj phan hoat dong rit toi.

V&i Quicksort, cai ma chiing ta can 8 cai tién tinh hudng la
shp x8p lai 48 c6 trudng hgp nghu nhién: bang cach chon mat phan
td phan hoach ngiu nhién ching ta c6 thé dya vao qui luat xic
xuéit d¢ tranh khoéi trudng hgp x4u nhat. Vdi tim kigm trén ciy nhj
phan thi may m#n hdn, bdi vi ching ta c6 thé Iam 5t hon nhisu:
o6 méL ky thuat téng quait cho phép ching ta bio dam trung hdp
x4u nhat sé khong xuft hién. Ky thuat nay goi 1a can bing, da duge
diing 1am co s& cho nhiéu thuat toan khdc nhau vé “cay can bang”.
Ching ta s& xem xét kj mot thuit todn thudc loai 46 va thio luan
tém tAt v& sy lidn quan cia né ddi vdi cac phl.tdng phdp da dung
khac.

Nhu sé& duge r6, sy cii cac thuat todn cay can bing Ia mot viec
“néi' d& hon lam”. Thong thuting khai nigm t8ng quat trudc mot
thuat todn thi d& dang mod ti, nhung chi dat né lai 13 mdt mé
nhing trudng hgp dac bigt va doi xing. Chuong trinh dugc phat
trién trong chuong nay khdong nhing la mét phusng phip tim
ki€m quan trong mi cbn minh hoa méi.quan hé dep mét gida mot
Skf md tad “clp cao” (high level) va mdt chudng trinh Pascal “ciip

hap” (low-level) khi chi dat mot thuit toan.



250 CAY CAN BANG

CAC CAY 2-3-4 TU TREN XUONG
(Top-Down 2-3-4 Trees)

Hinh 15.1 Mét 2-3-4 cay

D& khi trung hop x&u nhét cho cAy tim kiSm nhj phan, ching ta
cAn mét vai linh dong trong ciu tric dit lidu sé dang. D& c6 sy linh
ddng nay, ching ta hay gia st riing cic nit trong cay cia ching ta
6 thé chiia nhieu hon mot khéa, Cy thé hon, ching ta sé thita
nhén ce 3-ndt va 4-nit ma c6 thé chia twong ng hai va ba khoa.
Mot 3-niit c6 ba lien k&t ra khoi n6, mot lien két danh cho tit ca
cidc méu tin c6 khéa nhd hon ca hai khéa cia né, mot cho tit ca
céc miu tin véi cac khéa nam gitda hai khéa ciia né, va mot cho tat
ca cAc méu tin véi cc khéa 16n hon ci hai khéa ciia 16, Tudng ty,
mot 4-nit c6 4 lien ket di ra khoi né, mdi lign két danh cho mot
doan trong cic doan dugc dinh nghfa bdi 3 khéa ciia né. (Céc mit
trong mot ciy tim ki€m nhj phan chuin c6 thé goi la cac 2-mit:
mbt khéa va hai lién két.) Ching ta sé thly mdt s& phuong phap
higu qua d€ dinh nghia va chi dat cic thao tac oo s8 trén cic nit
md rdng nay; by gits gid sit chiing ta o6 thé s dyng né mdt céch
hinh thide va xem vigc tao nén cay nhu thé nao. ,

Vi du trong Hinh 15.1 1a mot 2.3-4 ciy chiacickhéa ASE A
R C HIN. Rit dé dang dé thay duge cich tim kim trén mot cay
nhy th&. Vi dy, d€ tim kim khéa G, ching ta s& do theo lien ket
givta cua gdc, béi vi G 0 gita E va R, k& d&n két thic qua trinh tim
ki®m khong thanh cdng & lien két trdi tit ndt chia H, 1, va N.

Hinh 15.2 Chén (khéa G) vao mot 2-3-4 cay
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Hinh 15.3 Xay dung mot 2-3-4 ciy

DE chen mdt nit méi vho mot 2-3-4 cay, ching ta thyc hign
mdt qud trinh tim kifém khong thanh cdng va sau dé moéc nit mdi
vao. Néu két thic qu4 trinh tim ki€m & mét 2-nit thi chi éan sia
n6 thanh 3-nit. Vi dy, X o6 thé duge them vao cay trong Hinh
15.1 biing cach thém né (vh mot lign két khac) vao nit chia S.
Tudng ty mdt 3-niit c6 thé dé dang sita thanh 4-nit. Nhung ching
ta s& lam gi d€ chen mét nit mdéi vao mdt 4-nit? Vi dy lam thé
nio d€ chen G vao cay trong Hinh 15.1? Mot kha nang la treo né
vao nhy mjt con mdi beén phai nhit cla 4-nit chia H, I, va N,
nhung. mdt cach gidi quyét t8t hon duge cho trong Hinh 15.2:
trudc tien phan ra 4-mit thanh hai 2-mit vi chuy&n mét trong céc
khéa cia né 1én cha né, 4-nit chia H, I, N duge tach thanh haj
2-mit (mot chia H, mit chita N), “khéa gitta” I duge ddy len 3-niit
chia E va R d€ ddi né thanh 4-nit. K& d&n 12 ndi & cla G la 2-nit
chida H.
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> AR
Nhung néu ching ta tich modt 4-nit ma cha cla né cing la
4-nit thi sao? Mot phudng phip la ciing s& tich cha né, nhlrng
ching ta c6 th€ lam mai diéu nay cho dén gdc clia cay. Mot giai
phap dé hon 1 ludn bio dam cha cia b4t ki mit ndo deu khéng la
4-nit bang cach tach h&t moi 4-mit cia cay tit trén xuéng. Hinh
15.3 x4y dyng mbdt 2-3-4 chy cho tip hgp cac khéa ASEARCH
INGEXAMPLE. Trén dong dau titn ching ta thay mit gic
dude tach trong sudt qui trinh chén vao clia nit thy hai E; céc

trutmg hop tach khac xuit hién phan ti A thi hai, phan t& L va
phan t& E thi 3 duge chen vao.

/O};&
=

Hinh 15.4 Téch cde 4-niit

Vi duy trén cho thiy ching ta c6 thé dé& dang chén cdc nit méi
viio cdc 2-3-4 ciy bing cach thl._tc hi¢n qua trinh tim ki€m va tach
cic 4-nit cia chy tit trén xudng. Cy thé nhu trong Hinh 15.4, mbi
khi ching ta gip mdt 2-nit dugc ndi v6i mdt 4-nit, ching ta sé
chuyén doi né thainh mdt 3-mit duge ndi vdi hai 2-mit, va méi khi
ching ta cham phai mét 3-mit duge ndi véi mot 4~nut ching ta
nén chuyén né thanh mot 4-nit duge ndi vdi hai 2-mit.

Thao tdc “tAch™ nay lam viéc nhigu bdi vi khéng chi cac khoa
mé cA cAc con tro ciing 6 thé bj di chuyén. Hai 2-mit c6 cung s
con tro (bn con trd) nhu mot 4-ndt, nén qua trinh tich cé thé lam
ma khong thay d6i bat cd cai gi ben dudi mit duge tach. Va mpt
3-niit khong thé duge thay d6i thanh 4-nit bing cach chi thém vao
mot khéa khic, cing phai cin thém mft con trd nita {trong truling
hgp nay, con trd trg giip dugce cung cAp boi thao tic tich). Digu
chi y&u 14 cdc sy chuy&n dbi 1a thuan “dja phuong”: khong bo
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phén nao cia cay can duge kidm tra hay sia d8i khac véi cay trong
Hinh 14.5. Méi chuyén ddi chuy&n mét khéa tit mdt 4-mit Jen cha
cla nd va xay dyng lai cic lién két tuong ving. Chd § riing ching ta
khong can lo ngai vé nit cha la mdt 4-mit, bdi vi cAc chuy8n ddi
cia ching ta bao ddm riing khi chiing ta di qua mdi nit trong cay
thi ludn di ra khoi mdt nit khong phai 1a 4-nit. Cu thé nhu khi
ching ta di khoi ddy cda cay thi chung ta khang & trén mot 4-niit,
va ching ta 6 thé chén ndt mdi trye tip vao cay bing cich
chuyén d6i mdt 2-mit thanh mdt 3-mit hay mot 3-mit thanh 4-ntt.
Trong qué trinh chén thém nit, ching ta qui uéc ludbn tich 4-mit
“40” & day ma shp sita nhan them mdt ndt méi, Bat ci khi nao gic
cua cy trdf thanh mot 4-nit, ching ta sé téch né thanh ba 2-nit
nhu ching ta da lam cho niit dau tién trong vi dy trén. Chi trutng
hgp nay s lam cay cao them mot tang,

Thuat todn vita duge phac thao cung ciip mdt phuong phap dé
tim kigm va chén trong 2-3-4 cay; bdi vi cde 4-mit duge tach ti
dinh trd xudng, ciy ndi trén ciling duge goi la cic ciy 2-3-4 tit trén
xudng. Mot didu rat ly thd 14 mac di ching ta da khong ban dén
sy can bang, nhung k&t qua lai 1 mdt cay hoan toan can bing!

TINH CHAT 15.1 Céc thao téc tim kiém trong cdc ciy 2-3-4
chita N nit khéng bao gits duyét nhidu hon IgN + I nit.

Khoang cich tit gbe tdi méi nit ngoai la nhu nhau: cic thao tdc
chuyén d6i ma ching ta thyc hién khdng anh hudng dén khoang
cach tir mot nuit bat ki tdi gdc, ngoai trir khi chiing ta tach nit
gbc, trong truding hgp nay khoang cach tir tit cd cac mit tdi gic
duge tang 1én mdt. N&u tat cA cdc mit la 2-nit, két qua da khang
dinh ding bdi vi cAy giong nhu cay nhi phan day d0; néu 6 cac
3-nit va 4-nit thi chiéu cao ¢hi ¢6 th€ ngin hon.

Hinh 15.5 Mat cdy 2-3-4 Iin
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TINH CHAT 15.2 Céc thao téc chén vao city 2-3-4 cluta N nit
can it hon IgN + 1 nit trong truimg hop xéi nhit va dung nhie s6
lon téch nat trung binh thi nhé hon 1.

Trutng hgp xAu nhit co thé xay ra la tit ca cic nit trén dubng
din tdi noi chen déu 1 4-niit, tat ca ching sé bj tach. Nhung trong
mdt cily duge xay dyng tit mot hoan vj ngiu nhizn clia N phan t4,
khéng nhitng truting hgp x&u nhat nay it xuit hidgn ma ngay ci céc
thao tAc tach v& mat trung binh cing it can d&n bdi vi khdng cé
nhizu 4-niit tmng cay. Hinh 15.5 cho thﬁy mbt cAy dugc xay dung
tir hoan vi nghu nhién cla 95 phén tu: o6 9 4-niit, chi 6 mdt it
trong ching 1a khéng & tang cudi. Cic k&t qua phém tich va& sy
thuc hi¢n trung binh clia 2-3-4 ciy vugt qud xa quy®n sich nay,
nhung danh gia theo kinh nghiém ta thiy rdt higém xay ra thao tac
tach.

Sy md ta & trén da 44 d€ dinh nghia mdt thuat tean dung 2-3-4
cAly d€ tim kiém, thuiit toin nay bao dam sy thyc hién t5t trutng
hgp x4u nhit. Tuy nhién, ching ta chi dat duge phan mifa cla mot
cai dat thye sy. Mac di o6 the vist mdt thult toan thye hign cic sy
chuyén déi trén cic dang dit ligu khac nhau bidu dién cho 2-, 3-, va
4-mit, nhung moi viée s& bj gugng ép trong biéu dién tryc tlép nay.
(Cé the tin didu nAy biing cich cf ging cai dat ngay ca truing hap
don gian cla cdc sy chuyén déi hai nit.) Hon nia, viec thao tac
trén céc ciu tric nut qua phdc tap sé lam céc thuit todn hoat
déng cham hon thuat toan trén ciy nhj phan thong thuting. Muc
dich chinh clia sy cin bang Ja cung cip “sy bao hiém” 48 chéng lai
trudng hop x4u nhit, nhung lai vo phic d& tra gia qua dit cho bao
hiém d6 trong mébi Tan thut todn hoat dong. Trong phan sau,
Ching ta s& thdy mot bidu dién don gian ctia 2-, 3-, va 4-mit ma
cho phép cdc chuyén d8i duge lam t5t va tra g'izi it han tim kidm
trén cay nhj phan.

CAC CAY DO-DEN

(Red-Black trees)

C6 thé biéu dién 2-3-4 cay nhu mét cay nhj phan chuin (chi c6 céic
2-nuit) bang cich ding mjt bit trg givip cho mbi nit. Y tudng la
bidu dién cac 3-nidt va 4-mit nhy cac cy nhj phan nhé vdi cic lign
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Hinh 15.6 Biéu dién Do-DPen ciia cde 3-niit va 4-niit

k&t “do”, cic lign két v8n o6 cla 2-3-4 chy goi la cac lién két
“den”. Nhu trong Hinh 15.6, cde 4-nit dude bidu didn bdi ba 2-niit
dude ndi boi cac litn két dd va céc 3-mit duge bidu didn bdi hai
2-mit duge ndi bdi mdt lidn ket dd (cac lign k&t 43 duge vé bdi cac
doan day nét).

Hinh 15.7 cho thay mot biéu dién clia cay cudi cing trong
Hinh 15.3. N&u ching ta bo di céc lién k&t do va kéo tat ca céc nit
Ién ngang hang nhau thi s& duge cay 2-3-4 trong Hinh 15.3. Rit
trg gidp cho mdi nit duge dung d€ Iuu tri mau cho cho lign két trd
tol nidt do: ching ta s8 goi dén cdc 2-3-4 cay bidu dién bang
phudang phap nay Ia ciac CAY DO-DEN,

“Cach nhin” v& méi 3-nit duge xic dinh bdi cdc thuit toan
duge md ta bén dudi. C6 nhidu cay db den tuong ing véi mbi 2-3-4
cly. C6 thé ép budc mdt qui luat Ja tit ci cdc 3-ndt deu dude nhin
bang cing mot phuong phép, nhung khong c6 ly 16 d& lam nhu
vay.

Hinh 15.7 Mét cay Do-Den



256 CAY CAN BANG.

Nhing cay nay o cac tinh chit ciu tric duge suy ra tit cach
dinh nghia chiing. Vi du, khdng bao gits ¢6 hai lién k&t d6 ké nhau
doc theo bét kir con duding nao tif giic téi mdt mit ngohi, va tat ca
cic con dudng déu o6 s3 lién k&t den bing nhau. Chi ¥ rang c6 thé
mot con duiing (ludn phign den-d6) dai gip hai [an mot con dutng
khéc (tat ca den), nhung tit ca cac dd dai dutng di deu xdp xi
logN.

Mot chic ning ndi bat cla cay néi trén la vi tri clia cic khéa
bang nhau. Thuat todn trén cay can blng sé lam cho cac méiu tin
c6 khéa bing vdi mdt niit cho trude roi vao ca hai phia cia ndt dé:
ngude lai, truong hgp khong cin bing cé thé gay ra mot chudi dai
cac bing nhau. Digu nay him ¥ rang ching ta khong thé tim thay
tit ca cac mit véi mpt khéa da cho bang cich goi lap lai cae thi tuc
tim ki#m nhu trong chuong truéc. Tuy nhién, ditu nay khong
quan trong bdi vi doi vii tat ca cic nut trong ciy con ma ¢ cling
khéa véi nit gbc cla cay con thi déu o6 thé duge tim thay bai modt
thd tyc d¢ qui don gidn gitng nhu thi tye treeprint cua chuong
trudc.

Mbt tinh chit rat dep cla cic cAy do-den la thu tuc treesearch
dé tim ki&m trén cAy nhj phan chuin sé khong can sia d6i (ngoai
trir d6i vdi cdc khéa bing nhau vita duge thao luan trong doan
trude). Ching ta sé chi dat cdc mau lign két bang cdch them mot
trudng luan ly (boolean) tén la red vio mbi niit, trudng nay s la
true néu lién k&t tro t3i mit 1a do va la false n&u lién két 1a den;
thd tyc treesearch khdng bao gio truy xuit t6i truding red. Trong
mpt ing dung, thong thuing médi khéa duge chen vao chi mot [an
nhung c6 thé duge tim ki®m nhitu [an, do 46 ching ta caj tién
duyc thoi gian tim kiém bai vi cAy cAn bang va khong ciAn thém
cAc thao tic @8 duy tri sy can bing clia cay trong sudt cic qua
trinh tim kigm,

Hon nda kha nang tach rit hiém trong qua trinh chén, ching
ta chi lam thém mot s8 viée khi thay cic 4-mit, va trong ciy khong
co nhidu 4-mit boi vi ching ta ludn tich ching ra. Trong cai dat
sau day cua thu tuc chen, ta thiy chi cAn mét kiém tra trg gilip
trong vong lap (néu mot mit c6 hai con d6, né Ja mot bd phan cla
mdt 4-nit).
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Hinh 15.8 Chén Y véo mét cdy Dé-Den

funciion rbirecinsertiv: integer; x: link}): link;
var gg, g, p- link;
begin
pi=x gi=x;
repeat
88:=8; £:=p; Pi=X;
ifx < xT. key then x: =zt lelsex: =xf.r;
if x 1.1 red and xt.r 1 red then x:=split(v, gg, g, p, x);
until x=¢;
new(x) x1 key:=v; x Y=z xt =z
ifv <ptheythenp' L=xelsept r=x
rbireeinsert; =x;
x:=split(v, gg, g, p, X
end;

Trong chuong trinh nay, x di chuyén hudng xu8ng dudi cy
nhu trude day va gg, g, va p duge luu d& trd d&n dng cd, dng ndi va
cha clia x 8 trong cay. D& c6 thé thay tai sao phdi cAn cac lién k&t
nay, hly xem vige theém Y vao edy & trén. Khi gip nit ngoai bén
phai cua 3-nit chia S va X, ggla R, gla S, vaplaX Bay giv Y
phai duge thém vao dé tao mdt 4-mit chia 8, X, va Y, két qua duge
cho thay nhu trong Hinh 15.8. '

Ching ta can m{t con trd tdi R (gg) boi vi lien két phii cia R
phai dugce thay ddi dé trd tdi X, chi khéng phai S. D& thiy chinh
xac didu nay, ching ta can quan sit thao tic cda thi tyc split. Hay
xen biéu dién d6-den cho hai phép bin ddi ma chiing ta phai thyc
hién: néu chiing ta mdt 2-mit ndi téi mdt 4-nit, thi ching ta sé d8i
ching thanh mét 3-nit ndi t6i hai 2-nit; néu ching ta c6 mdt
3-nit ndi t6i mdt 4-mit, thi ching ta nén 46i ching thanh mot
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Hinh 15.9 Tdck cac 4-ntit

4-nit ndi v6i hai 2.niat, Khi mot nit mdi duge them vao ddy, né
dugc xem la niit gida cua mdt 4-mit 4o (nghia 1a suy nghi vé z nhu
red miic di diz2u ndy khdng duge kiém tra mét cach tuing minh).

Sé dé dang chuy&n d5i néu ching ta gap mt 2-nidt ndi véi mot
4-niit, va cling nhy viy néu ching ta c¢6 mét 3-nit ndi véi modt
4-nit theo cich ndi “bén phai” nhu trong Hinh 15.9. Do d6, tha
tuc split bat dau biing cach danh diau x 13 d6 va con ciia x 1a den.

N&u chiing ta gap mdt 3-nit ndi tdi mdt 4-mit nhu trong Hinh
15.10 thi s& c6 hai trudng hgp xay ra (That ra o6 bdn tnrdng hgp
xay ra, boi vi cic anh ddi xing cla hai trudng hdp nay cing o6 thé
xay ra d8i vdi cac 3-nit ¢o phuong khdc). Trong nhing trudng hop
ny, viéc tich cdc 4-nidt gitt lai hai nit dd trén cung mit hang, day
Ja mdt trudng hgp khong hop 1& cin phai duge giai quyét. Trudng -

R S
= R R
?

Hinh 15.10 Téch cde 4-niit, clin dén phép quay
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Hinh 15.11 Quay mdt 3-nuit trong Hinh 15.8

hgp nay duge kiém tra d€ dang trong chuong trinh: ching ta phai
danh diu x la dd, vi vy néu cha p cla x cing d6 thi ching ta phai
lam thém thao tdc. Tinh hudng nay khong £5i bdi vi ching ta c6 ba
mit duge ndi bing cdc lidn k&t @0, tAt ca nhing gi ma ching ta can
Iam [ chuyén cay sao cho cdc lién k&t do chi xudng dudi tir cung
méot nat.

That may mén, o6 mét thao tdc don gian dé o6 duge didu mong
mudn. Ching ta hay bit dau vdi truong hgp d& hon trong hai
trudng hop néi trén, trudng hop dau tién trong Hinh 15.10, trong
d6 cac lién két 46 ob cung hudng. Van dé la 3-mit duge hudng theo
phuong nguge lai, nén ching ta xdy dyng lai cay d2 4di hudng cta
3-nit, va do 46 dua trudng h(;rp niy vé truong hop thit hai trong
Hinh 15.9 chi ¢An d3i mau clia x vh cdc con cla né la xong. Vide
xay dyng lai cdy d& 48i hudng mot 3-nit bao gom thay A6i ba lidn
két nhu trong Hinh 15.11; chd ¥ ring Hinh 15.11 giéng nhy Hinh
15.8 nhung né o6 3-mit chuta N v R dudc quay. Lign k&t trdi cia
R duge thay d6i d& trd tdi P, lidn k&t phii cia N duge thay ddi dé
tré t6i R, va lién két phai cua I duge thay déi @€ tré t6i N. Cing
vy, cin than chi ¥ ring mau clia hai nit cing bj d5i. '

Thao tic quay don (single rotation) dugc dinh nghia trén chy
tim kigm nhj phan bat ky (n&u ching ta khong chu ¥ cac thao tac
vé mau) va la oo s cho nhigu thuit todn v& ciy can bing, bdi vi né
gil gin dac trung cAn thidt cia ciy tim kiem va Ia sy sia 45i dja
phuong bao gdm chi ba thao tic thay d6i lién két. Tuy nhién mot
chi y rit quan trong 13 mdt thao tic quay don khong nhat thist cai
ti&n sy cAn bing cia cay. Trong Hinh 15.11, thao tic quay mang
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tit ca cdc niit bén trai cia N gin goc hon mdt tang so véi trude dé,
nhung tit cA cac mit baén phai cia R thi bj thap hon mot tang,
truting hgp nay lam cay it cin bing hon. Cdc cay 2-3-4 tir trén
xudng o6 thé duge xem don gidn nhu mdt phuong tien qui ude dé
dong nhat cac thao tac quay don @8 cai ti®n sy can bang.

Vige lam mdt. thao tic quay ddn bao gom sy sia d6i cfiu tric
cua cay, va dieu ndy phai duge Jam cdn than. Nhu da thiy khi xem
thuat toan xdéa trong Chudng 14, chuong trinh thi duéing nhu phiic
tap hon can thigt bdi vi o6 mét s8 trumg hgp tuong tu vdi cac dsi
xing trai-phai. Ching han nhu gia s\ ring cac lién két y, ¢, va ge
trd twong ung tdi I, R, va N trong Hinh 15.8. Khi d6 sy chuyén d6i
t6i Hinh 15.11 dugc gay ra bing cic thay d8i lien két:

ct l=getrgetri=gytri=g

Cé ba truting hgp tuong ty khac: 3-mit ¢6 thé duge dinh hudng
theo céch khéc, hay n6 o6 thé 1a bén trai cla y. Mot phuong phap
truyén théng dé xi 1y bdn trusng khac nhau Ja dung viec tim kigm
khéa v d€ “tim trd lai” con tryc ti€p c vi chdu ndi gc cha nit y
(ching ta da biét rhng chi dinh lai hudng mot 3-nit ndu tim d&n
nit day). Nho ditu d6 ma ching ta o6 chuong trinh don gian hon
phai nhd khong nhdng hai lign k&t tuong 1ing véi ¢ v gc ma con
phai nhé ching né la cdc lién k&t phai hay lien k&t trai trong sudt
qué trinh tim ki€m. Chung ta 06 ham sau day d& dinh hudng lai
mét 3-nit dya theo con duiing tim kiém che v ma cha ctia né la y:

.function rotgte(v:integer; y:link):link,;
var c, ge: link;

ifv<yl.keythenc.=ylleisec:= ylr
ifv<et key
then beginge :=ct et i:=getr;get r:=¢; end
else beginge:=ct.nelrimget bgetl:=c end;
ifv<ytkeythenyl i :=geelseyl.r = ge
rotate ;= ge;
end;

N&u y trd téi giic, c Ia lign két phai cla y va ge la lign k&t trai
cia ¢, digu nAy thyc hign chinh xdc cic chuyén 48i lién két can d8
sdn sinh ra ciy trong Hinh 15.11 tit Hinh 15.8. Poc gia ¢6 16 mudn
kiém tra cdc truding hgp khic. Ham nay tra v2 lien k&t t6i dinh
cta 3-nit, nhung lai khong lam chinh thao téc d6i mau.
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Do d6, d€ xi Iy trudng hgp thi ba cho thi tuc split (xem Hinh
15.10), ching ta c6 thé lam d6 g, cho x nhan gid trj rotate(v.gg), va
lam den x. Thao tac nay d6i hudng clia 3-nit bao gom hai nit duge
tro tdi bdi g va p, dong thii né cing dua trudng hgp nay tré ve
gidng nhu truding hgp thy hai khi 3-nuit hudng vé ben phai.

Cudi cung khi hai lien k&t db hudng t6i hai phuong khAc nhau
(xem Hinh 15.10), ching ta chi ¢an cho p nhan gia trj rotate(v.g).
Thao téc nay dinh lai hudng ctia 3-mit “khdng hgp 12” bao gébm bao
gom hai nuit duge trd t4i bdi p va x. Cic nuit nay of cing mau, vi
the khong chn thi&t phai déi mau ching, va ching ta trd vé truting
hgp thi ba. Phdi hgp thao tic niy vh phép quay clia trudng hop
thit ba duge goi 1a su quay kép (double rotation).

Hinh 15.12 cho thay thao tic split xudt hidn trong vi du cda
ching ta khi G duge thém vao. Trudc tién, thao tdc ddi mau da
tach 4-mit chia H, I, N. K& d&n la mét thao tdc quay kép: bd phan
dau tien xung quanh canh gita I va R, bd phan thi hai xung quanh
canh gita E va 1. Sau nhing sita d8i nay, G o6 th€ duge chén vio
bén trai cia H nhu trong cay dau tién trong Hinh 15.13.

Ham sau day sé b8 sung 40 cdc thao téc duge thyc hidn bai
split. N6 phai chuyén cdc mau ciia x va céc con cfia n6, lam phan
dudi cua mot thao tac quay ndu can thist va k& d€n thue hién sy
quay don ndu can thiét.

Hinh 15.12 Tdch mét niit trong mit cty Po-Pen
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function split(v:integer; gg.g.p.x:link):link;

xt.red ;= true; x1.01 red ;= false; x 1.1 .red ; = false;
ifp T_.ned then
begin
g.ored ;= true;
if (v< gT.key) <> (v< pl.key) then p := rotate(v.g);
X .= rotate(v.ggl;

xt.red ;= false;
end;
headt rred : = talse;
split:=x;
end;

Néu goc la mot 4-mit thi thi tyc split lam cho gdc 6 mau dd:
thao tic nay tudng wng vdi sy chuyén ddi né cing véi nidt nhap
(dummy) & phia trén né thanh mét 3-mit. Duong nhién khong cé
ly do gi d& 1am ditdu nay, vi vy c6 mdt 1enh & cudi cla tha tue split
dung dé duy tri miu den cda gdc. Khi bit dau xw 1y, can phai khai
tao cAn thin mit nhap nhu doan chuong trinh sau day:

type link= T node;

node=record key,info: integer; Lr: link; red: boolean, end;
var head,z; link;
procedure rbtreeinitialize;

begin

newizh 2V l:=z 2V ri=z 2" red:= false;

newthead); head ey =0, headt.r:= 2

end;

Hinh 15.13 cho thily cay do-den dudc tao tir tap hgp khéa miu
nhd vio thuat todn nay. U day, chi trd gia mdt vai phép quay ma
ching ta cé dugc mot cAy can bang hdn rit nhitu so véi cay trong
chudng 14 ma duge tao tit cing mdt tip hop khoa,

TINH CHAT 15.3 Mt thao tac tim kiém trén cty do-den vdi
N nit dudc xtty ding tir cée khéa ngiu nhién cé lé dvi héi khoing
IgN phép so sanh, vi ve mit trung binh thi mat thao téc cé 1é chen
doi hoi it haon mdt phép quay.

Sy phéan tich chinh xdc truing hgp trung binh cia thuat todn
nay thi chua dugc thuc hign, nhung o6 cic k&t qua thuydt phuc tit
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Hinh 15.13 Xay dung mét cdy do-den

cac phan tich cdc trutng hdp riéng va cac truong hgp gia lap. Hinh
15.14 cho thdly mdt cay duge tao tit vi dy 16n hon vi du cla ching
ta dang dung: s& lugng nit trung binh dugc duyét qua trong suét
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Hinh 15.15 Mot cay dé-den bi thodi hoa

qud trinh tim kiZm mdt khéa nghu nhién chi 1a 5.81, trong khi dai
vii cly trong chugng 14 duge xy dung vdi cing mot tap hgp khéa
thi con s8 nay la 7.00, con kha niing t3t nhat d8i vdi mot cAy can
béng hoan toan thi 1 5.74.

Mot dieu thyc sy dang chu y d61 vdi cic chy do den la tinh
nang cua né trong trudng hgp xau nhdt, chi can tra gia rit it cho
trudng hgp nay. Hinh 15.15 cho thay cay 6 duge khi chen céc 8
tit 1 d&n 95 vao mdt cay duge khoi tao tring; ngay ca ciy niy cling
kh4 cAn bang. Gia phai tra d8i vdi mbi nit cho mbi nay tim kigm
thi ciing nhy khi cay cin bang duge xay dyng boi thuat toan co
ban va khi chen thi chi can mot phép ki€ém tra bit phy trg, mdt [an
tach nit.

TINH CHAT 15.4 Mpt thao tac tim kigm trén mit chy do-den
N nit doi hét it hen 2igN + 2 phép so sanh, va mit thao the chén
doi hoi s8 phép quay it hon mdt phan fie so v6i 8 cae phép so sénh.

Chi ¢6 cac thao tac “tach” mdt 3-pit duge ndi vdi mdt 4-ndt
trong mot cay 2-3-4 doi hdéi mdt thao tdc quay tuong dng nhu ciy
do den, vi vy tinh chat nay duge suy ra ti tinh chit 15.2. Trudng
h¢p x&u nhdt xiy ra khi duong din tdi didém thuc hién thao tac
chén bao gdbm luan phign cic 3-mit va 4-niit.

Tém lai, bang cach st dung phudng phdp nay, mét khéa trong
mét tAp tin o3 nia tripu miu tin o6 thé duge tim thiy sau khi thye
hign khoang hai muci phép so sanh. Trong truting hgp xiu nhat c6
thé can khodng gip hai [an s§ phép so sanh, nhung con s nay
cling khong phai nhizdu IAm. Hon nita, mbi phép so sanh ddi héi rét
it thi gian vi vay thuat todn tim ki€m s& rit nhanh.
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CAC THUAT TOAN KHAC

Sy cai dat cdc thuft toan cho “ciy 2-3-4 tir trén xudng” bing cach
ding khudn miu cia ciy do-den cho trong phin trude I mot
trong nhiéu chién luge tuong ty nhyu da lam trong vige cai dat cho
cdc ciy nhj phan cin biing. Nhu ching ta da thdy & trén, that ra
cac thao quay da lam can bang cAy: chiing ta da nhin cay véi mot
khia canh dac bigt lam cho né thich hgp vdi thao tic quay. Khi chd
¥ dén khia canh khéc cla ciy thi s2 din d&n cdc thuat toan khae,
chiing ta s& md ta tdm tit mot s6 thuat todn nhu the.

Cau tric dd ligu ndi tigng nhat va of dién nhit dsi véi nhing
cAy can bang la cic cay AVL. Nhing ciy nay o6 tinh chit la chigu
cao hai cAy con clia mdi nit thi sai khac nhau nhieu nhat 1a 1. Néu
didu kién nay bj vi pham do mdt thao téc chen nio d6 thi cay phai
dugc cap nhét lai bang cich ding cde thao tdc quay. Didu nay doi
hoi thém vho mot vdng lap: ding thudt todn oo sd d8 tim vi tri cho
gié tri mudn chen vao, k& 46 ti€p tuc duygt hudng 2n phia trén cay
doc theo con duting da duyét trudc d6, va hidu chinh @& cao clia cac
mit bang cich nging cac thao tic quay, Cing can bist xem mdi
nit ¢ chidu cao nhd hon mdt, bing, hay 16n hon mét so véi nit
anh em cua né. Digu nay doi hoi phai ma héa bang 2 bit néu bing
phuong phip thong thudng, nhung ndu dung modt khudn miu
gidng nhu cac ciy dd-den thi lai chi can 1 bit.

Mot cu tric ciy can bling ndi tiéng thif hai la cay 2-3, cay nay
chi thita nhan cdc 2-ndt va 3-nit. C6 thé cai dat thi tyc insert
bing ding mdt “vong Iap them vao” bao gom céc thao tic quay
nhu d6i véi cic ciy AVL, nhung lai khéng thd theo kiéu
trén-xudng nhy trude day. Mot fan nida, khudn miu gitng nhu cac
cdy dé-den duge dung d€ cai dat, nhung s& that sy t8t hon khi
dung céc ciy 2-3-4 tir dudi 12n, trong truing hgp nay chiing ta tim
ki€m téi day cia ciy va chen vao d6, k& dén (néu nit day 1a mot
4-nit} di chuy&n tré 1en phia trén con duting vita duyet, tach cdc
4-nit va chen nit gita vio mit cha, 4&n khi cham mét 2-nit hay
3nit ma la niit cha thi c6 thé thyc hitn mdt phép quay 48 disu
chinh trugng hop gitng nhu trong hinh 15.10. Phuong phép nay
o6 thudn Igi 1a ding nhidu nhat mdt phép quay d6i v6i mdi thao tac -
chén va day cb th€ thuan tien d&i v6i mdt vai Ung dung. Sy cai dat
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thi phic tap hon mét it so véi phuong phap trén xudng da ban dén
G trén.

Trong chuong 18, ching ta s nghi®n citu dang quan trong
nhit d8i véi ciy cAn bing, mdt § rdng cia cic ciy 2-3-4 ma duge
goi la cdc B-cay. Nhitng chy nay cho phép chita M khéa mbi nit dai
véi M 16n vh duge ding rdng rii cho cdc ing dung tim kigm bao
gom cAdc tip tin rit 16n. '
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BAI TAP

1. Hay vé mdt cay 2-3-4 ti trén xudng cdé duge khi chen cdc khéa
EASYQUESTION theo thit ty d6 vio mot ciy duge khdi
tao tréng.

2. Hay vé m{t bidu dién d4-den cha ciy trong cau héi trude.

3. Chinh x4c cac lién k&t nao duge sita 48i bdi cdc thi tye split va
rotate khi Z dugc chén vao (sau Y) vho cly vi du cho chuong
nay.

4. V& cily dd-den c6 duge khi chén cdc ky ty tit A dén K theo thu
ty, v md ta néi chung diéu gi xay ra khi cic khéa duge chén
vho theo thit ty tang.

5. Thong thudng c6 bao nhiéu lién k&t clia cay phéi b thay ddi d&i
vdi mbt thao tdc quay kép, vh bao nhigu bj thay ddi trong mot
cai dat da cho. )

6. Hay phat sinh hai cAy dd-den nghu nhién 32-mit, vé ching
(bang tay hay bang chudng trinh), va so sdnh chiing véi cdc cay
tim ki#m nhj phan khong can bang duge xay dyng véi cling -
mét tAp hop khéa dé.

7. Hay phét sinh 10 ciy dé-den ngéu nhién 1000-nit. Tinh s3 phép
quay can thigt d& xay dyng cac ciy va khoang cach trung binh
tir mit gBc tdi mdt niit ngoai cho méi cay. Hay thao luin cdc ket
qua.

8. V6i mdt bit mau cho méi nit, ching ta o6 thé biéu dién 2-nit,
3-miit, v 4-mit. Bao nhiéu dang mit khac nhau c6 thé c6 thé c6
néu ching ta dung hai bit cho méi nit.

9. Cac thao tic quay duge dbi hoi trong cic cay do-den khi céc
3-nidt bj ddi thanh cc 4-nét bdi mdt phuong phip “khong can
bang”. Tai sao ta khong khi bé cic phép quay bang cich cho
phép cac 4-niit duge bigu dién nhu ba nit (La't k¥ duge ndi bdi
hai lién két 45 (hoin toan cAn bing hay khong)?

10. Hay cho mot day thao tdc chén ma sé xiy dyng cay do-den
dugce chi trong hinh 15.11.
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PHEP BAM (HASHING)

Mot cach ti€p can day 4n téi viee tim kigm khac vdi tim kigm
trén cic ciu tric ciy dya so sinh cia chuong trude la phép bam:
mit phuong phap tham chiu tryc tiép den cdc mAu tin bing cach
thyc hign cac phép chuydn d6i s hoc tit cac khéa vao céc dja chi
bang. N&u chiing ta bist riing cdc khéa la cdc sd nguyén phﬂn bigt
tit 1 d&n N thi ching ta o6 thé luu mu tin véi khéa i trong vj tri i
clia bing, chuin bj dé truy xuit tic thiti nho viw gia trj khéa. Phep
bim }a sy t8ng quat héa cta phuong phap tam thuing nay cho céc
ung dyng tim kiém thdéng thuding khi ching ta khéng ¢ sy hidu
biét dic bigt vé khéa (chua o6 thong tin cu thé va cic gia tr khéa).

Budc dau trén cuia vide tim kigm béng phép bam 1a tinh mét
ham bam (hash function) d& chuy@n d8i tir khéa tim kifm vao dja
chi bang. Trudng hgp Iy tudng, cac khéa khic nhau nén dnh xa vio
cac dia chi khac nhau, nhung thyc t& thi khong c6 ham bam hoan
chinh vh sé o6 hai hay nhi2u khéa khéc nhau sé bim d&n ciing mét
dja chi. Phan tht hai cdu tim ki®m bam la giai quyst xung dot
(eollision-resolution) d& cu xit véi cdc khéa nhu da n6i. Mot trong
cédc phuong phap gidi-quydt-xung-dot ma ching ta nghién cju la
diung cac danh sich lién k&, bdi vi luu tri ddng nén phuong phap
nay thich hgp khi s8 lugng khéa tim kigm khdng thé tién dodn
trude. Hai phudng phap xif Iy xung 46t khic mi ching ta xem xét
s& cf théi gian tim kim nhanh trén ciac mdu tin duge lwu tra
trong mdt mang cb dinh.

Phép bam 1a mot thi dy t8t vé véin d& dung hoa giita thsi gian
chay va dung lugng b nhd st dyng. N&u khdng cb sy gidi han v
bd nhé thi ching ta o6 thé thuc higén bat ki mdt thao tic tim kigm
nao chi vdi mdt Jan truy xuat bd nhé bing cach sit dung khéa nhu
mt dja chi b) nhd. Néu khong c6 sy gidi han vé thdi gian thi
ching ta c6 thé t5i thidu héa dung lugng bd nhé sit dung bang cich
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dang mdt phuong phap tim kiém tuan ty. Phép bim cung cdp mot
phuong phap diing mdt lugng vita phai clia b) nhd va d& lam mot
s cAn baing gida hai thdi cye nay. S dung hidu qua bd nhd 6 sin
va truy xuit nhanh d&n b nhd 14 quan tam chu y&u cua bat ky
mit phuong phip bam.

Phép bam 13 mdt bai todn “cf dién” cila khoa hoc may tinh da
o6 nhidu thust todn khie nhau duge nghign cifu va duge ding rat
rong rii. C6 mdt s8 higng 18n nhing phan tich va kinh nghigm dé
cung cip cac thi tuc bam cho rit nhidu ing dyng khac nhau.

CAC HAM BAM

Vin d2 dau tien 1a ching ta phai tinh todan haim bam dé chuyén d8i
cAc khéa thanh cic dja chi bang. Day Ja mdt tinh todn sd hoe ¢d
cic tinh chdt tusng ty nhu cic bd phat sinh s8 ngdu nhién ma
chiing ta s& nghién cfu trong chuong 33. Chiing ta ¢An mdt ham
chuyén ddi cic khéa (cic khéa o6 thé 13 nhing s3 nguyén hay cic
ky ty¢ ngin) thinh cdc s§ nguyén trong khodng [0..M-1) trong dé
M Ia sB cic miu tin ma cb thé chida dd trong 6 lugng bd nhé o6
shn. Mot ham bam 1y tudng 14 mdt him ma dé dang tinh va gan
giéng nhv mot ham “nghu nhién”.,

Bdi vi cic phuong phap ma chiing ta s& ding 14 cic phuong
phép s8 hoc, bude dau tign 1a chuyén cic khéa thanh cic s§ d& c6
the thyc hign cic phép toan s8 hoe. Véi cae khéa nhd thi hau nhu
khong cin lam gi ca bdi vi chiing ta s& dung bidu dién nhj phan cia
cic khéa nhu nhitng con s§ (xem thao lun ¢ dau chuong 10). Véi
cfe khéa 1dn hon, ngudhi ta phii suy nghi cach xéa cac bit khéi cac
chudi ki ty vi nén t&t ci ching lai thanh mot ti co s§ clia may
tinh; tuy nhién ching s& thdy mét phuong phip chung cho cac
khéa o5 chitu dai tiy .

Trudec tidn gia st ring ching ta c6 mdt 58 nguyén 1on tuong
dng tryc ti€p ti khéa clia chiing ta. Cé 18 phuong phip duge dung
duy nhit cho phép biim I chon M nguyén t3 v voi moi k ta tinh
h(k)=k mod M. Day |2 mdt phuong phép don gian rit dé dang tinh
trong nhidu mdi trudmg va trai kha tdt vao tap cde gia tri khéa.
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Vi dy kich thudc bang cia ta 1a 101 va cAn phai tinh modt chi s8
cho mot khoa bén ky t¢ A K E Y: ndu khéa duge mé héa bing ma
5 bit don gidn nhu trong chuong 10 (ky ty thit i trong bang cha
cdi duge bidyu dién bdi bidu dién nhj phan cba s8 i) thi ching ta o6
th8 xem khéa trén nhu s§ nhj phan 00001010110010111001, s8
nay tuong dudng véi 44217 thap phan. Bay git ta cé 44217 thap
phan. Bay gib ta c6 44217 = 80{mod 101), vi vy khéa AKE Y
duge 4p tdi vi tri 80 trong bang. Vi ¢6 riit nhidu gid trj khéa nhung
lai it cac vi tri trong bang nén c6 khi ning céc khic nhau duge dp
tdi cing mdt vi tri trong bang (vi dy nhu khéa B A R H ciing 6
dia chi 80 theo cich bam ndéi trén).

Tai sao kich thuécMmiabéngbamphéinguyéntb'? Tra i
cho cau hoi nay phy thuéc vao tinh chat s8 hoe cia ham mod.
Chiing ta dang ding khéa gidng nhu <8 d s6 32, mdt ch@ s chinh
la mot ky ty trong khoa, khéa A K E Y (tuong dng i 85 44217)
cling c6 th8 vist la

1.323 +11.322 + 5,321 + 25,320

béi vi A I chd ci dau tién, K la chi¥ cai the 11, ... Bay giv gia
sit rang ching ta v tinh chon M=32 thi gia tr} cia k mod 32
khong anh huéng khi thém vao cic boi s§ clia 32 va ham bam caa
moi khéa chi don gian 14 gia trj clia ky ty cudieing cua khéa ! Mot
ham bam t&t nén lﬁytﬁtcacackytuwamétkhoadétmhtoan
Phuang phép don gian nhit dé bio dam didu nay la chQn M nguyén
t3.

Nhung hoan canh théng thudng nhét 1a khi cac khéa khong la
céc s3, khdng ngin, ching han o6 thé 1a mot chudi dai cfic ky tu.
Lam sao ching ta o6 thé tinh haim bam cho mot khéa o3 nhy
VERYLONGEKEY ? Trong cich mé héa cia ching ta sd nay
1a mot chudi dai 55 bit

101100010110010110010110001111011100011101011001011 1001
hay la sb

22321045329+ 18328425 274 2006415325+ 143244 1323+ 113224521425
3 nay qua 1dn d8i véi cdc ham s§ hoc thong thudng trén hau
hé&t cic may tinh. Thyc t& chiing ta 06 thé gip cic khéa dii hon rit
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nhiéu, trong hdan cinh nhu thé chiing ta vin c6 thé tinh mot ham
bam gidng nhu trén, lan lugt chuyén d6i timg m&u mot cia khéa.
Mjt Ian nita ching ta Igi dung tinh ch&t céa ham mod va ding
mot cach tinh todn don gidn goi la phudng phap Horner (xem
chuong 36). Phuong phAp niy dya trén mdt cach vist khic oia sb
tuong dng vdi cic khéa véi vi dy trén, ching ta viét bidu thyc tinh
khéa nhit sau:

(23245324 184+ 25)324 12324 1532+ 144 T34 L)32H5)32425
. Ditu nay dua trén mdt phuong phép s§ hoc tryc tigp dé tinh
ham bam nhu sau:

h ;= key(1}):
for j:=2 to keysize do

k= ((h*32)+key(j]) mod M;:
end; .

Trong d6 h 1 gid tri bam can tinh vk key[i] duge gia s chia j
n&u ky ty thi i trong khéa 1a ky ty thit j trong bang chi cdi. Ham
chuyén 46i ky ty ord clia Pascal c6 thé duge diing d8 tinh (va mot
bang chi céi 1on o6 thé duge cung cip ndu can bing cach ding 64
hay 128 thay vi 32). N&u khéng o6 ham mod, doan chudgng trinh
trén s& tinh s8 tudng ung v6i khéa nhé trong phudng trinh trén,
nhung tinh toén c6 the tran d6i voi khéa dai. Tuy nhign véi sy hign
dign cdia ham mod, né tinh ham bam chinh x4c bdi vi cdc tinh chat
cdng va nhin cia ham mod, va mat khée trudng hgp tran sé tranh
khoi bdi vi ham mod ludn ludn cho mdt két qua nhé hon M. Bja chi
bam dugc tinh bdi chuong trinh nay cho VERYLONGKEY
vdi M=101 12 97, '

Doi véi che thult todn sau day, ching ta da gia st ring cac
khéa 4 nguyén v ham bam don giin 1 mod. Dieu nay khéng cb
nghia 1a d2 nghj sit dung quy wdc d6 trong thyc hanh; thuc ra hau
b8t cic dng dyng bao gbm cfic cflu tric dd Heu vdi cde khéa da
hon s& ddi héi phai ding ham bam néi trén. Cac chudng trinh ban
"dusi & duge sita ddi thich hgp trong ting ung dung cy thd.
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XiCH NGAN CACH

Céc ham bam néi trén ddi cac khéa thanh céc dia chi bang, ching
ta can xu ly téng hop hai cach 4p dén cung mot dia chi. Phuong
phdp don gian nhét c6 thé nghi dén ngay la xay dyng mot danh
séch lien két cdc mAu tin ma khéa cla ching ap téi dia chi d6. Bai
vi cdc khéa ma ap dén cung m{f:t vi tri trén bang dugc luu trong
mot danh séch lién két, ching né cing phai duge Iuu theo thi ty.
Dieu nay dua d&n mdt sy tdng quat cla phuong phap tim kiém
trén danh sich ma chiing ta da thao luan trong chuong 14. Thay vi
duy tri mdt danh sach don v8i mot nit din dau head ching ta luu
M danh sich véi M nit din dau danh séch va ching duge khai
dong nhu sau:

type link="node;
node=record key,info:integer; next:link end;
var heads:array/0.M] of link; t,z:link;
procedure initialize;
var i:integer;
begin
new(z); z 1 .next:=z;
for i:=0 to M-1do
begin new(heads(i]); heads(i] .next: =z end;
end;

Bay gio cac thi tuc trong chudng 14 c6 thé duge st dung cling
v6i mdt ham bam. Vi duy , listinsert(v,heads[v mod M]) c¢6 thé duge
ding dé€ thém vao bang va t:=listsearch(v,heads[v mod M]) c6 thé
duge dung dé tim thdy méu tin dau tién véi khéa v va ti€p tuc goi
t:=listsearch(v,t) cho téi khi t=z d&€ tim cdc miu tin k& tiép cb
khoéa v.

Vi du céc khéa duge chen lién tyc vao mot bang khdi tao trong
bang cach dung ham bam nhu trong hinh 16.1, thi ta sé duge két
qua nhu trong hinh 16.2. Phuong phap nay quen dugc goi la xich
ngan cach (seperate chaining) bdi vi cic méu tin xung dot duge
“xich” ca lai trong cdc danh sich r¥i nhau.

key: -\FD@DHDDD@DEE@DDD

hcsh.'f.:a!?3893?3 [ QNG N

Hinh 16.1 Mét ham bam (M=11)
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{ ! L A ~ a [ B 5 oo
i 2 7 7 % 7
Z @ (% s @ = é} % ’1{) I
Qa @ €) & gs:, '
B = @ s 1
D )
x i

Hinh 16.2 Xich ngan cdch,

Hién nhién, thoi gian cho mdt thao tdc tim ki€m phy thude vao
40 dai cua danh sach va cdc vj tri lién quan cda cic khéa trong
ching. Cac danh sich ciing c6 thé lwu trid khong thit ty, viec duy
tri cdc danh sich duge sip x€p sé khdng quan trong cho 4p dung
nay bdi vi cde danh sich khd ngén.

Véi mdt [an “tim kim khong thanh cong” (tim kifm mot mau
tin v6i mot khéa khong c6 trong bang), chiing ta o6 thé gia s ring
ham bam lam cho mbi danh sich trong M danh sdch o6 kha ning
duge truy xudt nhu nhau va tim ki€m tuan ty trén mdi danh sach
chi duygt mot nita danh sich vé mit trung binh. D dai trung binh
cla danh sich duge kigm tra (khong k8 z) d8i vi tim khong thanh
cong trong vi du nay la (0+4+4+2+42+0+4+0+2+2+1+0)/11=
1.55. Day la théi gian trung binh cho mdt tim kiém khdng thanh
cdbng khi ma cdc danh sach khong duge sép thi tu; khi sip thd ty
danh sach ching ta cé thé gidm mdt nda thoi gian.

Véi mbi [an tim “kiém khong thanh cong” (tim kiém mot
trong cac miu tin cla bang), chiing ta gia st ring méi mau tin déu
¢4 kha nang dugc tim thay nhu nhau: bdy khéa sé duge tim thay
khi phan t& dau tien cla mdi danh sich duge kidm tra, sau khéa sé
duge tim thdy khi phan ti thd hai duge kiém tra, v.v.., vi vy
trung binh la (7.1+6.2+2.3+2.4)/17=1.94 (su tinh todn nay gia sq
ring cic khéa bng nhau duge phan bigt bdi mot chi danh duy
nhat hay mdt cach nao dé, va chueng trinh tim ki¥m duge sita d6i
thich hgp d€ o6 thé tim ki€m cho mbi khéa rieng 1&.).
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TINH CHAT 16.1 Xich ngin cach thu hep s8 lan so sénh cia
tim kiém tulm ty xudng M lan (vé mit trung binh) vi ding b6 nhd
trg gitp cho M lién keét.

Boi vi méi gia tri trong M gid tri bam va “c6 kha nfing nhu
nhau” nén do thigt k& cla ham bam néu N khéa trong bang lén
han M nhidu thi mdt x4p xi t6t do dai trung binh cta cac danh
sach la N/M.

Cai dat ndi trén dung mdt bidng bam cla cic lien k&t téi cac
mit din dau cda cac danh sich. Mot phudng phap khéc dé luu M
nit dan dau danh sach la khi bd cic mit din dau va sia heads
thanh mot bang cac lién két tdi cdc khéa dau tien trong cac danh
sach. Diéu nay sé dan d&n mot vai phuc tap trong thuit toan, Vi dyu
vige them mot mAu tin mdi vio dau chia mdt danh séch sé khéc véi
thém vao vj tri khic cia danh sich, bdi vi né bao gom sy sta d6i
mdt dau vio trong mot bdng cac lien két chi khéng phai mét
trudng cia mot mau tin. Mot cai dat khac nia Ja dat khéa dau tién
vaio bang cdc lien két. Mac du nhitng cai dat nay tigt kiem khong
gian luu tr@ trong mét s& tinh hudng, nhung M thumg &i nhd so
vl N nén sy quy ude ding cdc mit trg gitip din dau danh sich ¢
1¢ dugce thira nhan.

Trong mdt chi dat xich ngin cach, M thubng duge chon tuong
d3i nhd @& khong dung mot khai 16n bd nhé lién tyc. Nhung o6 1&
t3t nhit Ja chon M dii lén sao cho céc danh séch dd ngén d8 sy tim
ki#m tuan ty trd nén hidu qua. Theo kinh nghiém thi ngudi ta o6
thé chon M khoang mot phan mudi s& cac khéa trong bing dé méi
danh sich chia khoang 10 khéa. Mt trong nhitng wu didm cia
xich ngln cich la quyt dinh niy khong nguy hai: néu o6 nhiau
khéa hon mong dgi thi cic qué trinh tim ki$m s& dai hon mat it,
néu cic khéa it hon thi 6 thé ding phi mit it khong gian hwu tra.

Néu bd nhé thyc sy 13 mdt tai nguyén gisi han, vidc chon M
thich hop sé cai tién su thyc hién duge M [an.

DO TUYEN TiNH

Néu s8 phan ti duge dat trong bang bam o6 thé duge wée lugng
trude va & by nhd lien tyc dé luu tat ca cée khoa thi 6 16 khong
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ddng @é ding c4c lidn kbt trong bang bam. Nhi2u phudng phap de
nghj Juu trd N mAu tin trong mét bang kich thude MN, dya vio
céc noi tréng trong bang dé gidi quyst sy tranh chip. Cac phudng
phap nhu th& duge goi la cdc phuong phip bam dia chi mé
(open-addressing).

Phuong phap dia chi mé ddn gidn nhit duge goi 12 dd tuyén
tinh (linear probing): khi ¢6 mdt sy tranh chdp (khi ching ta bam
dén mdt noi trong bang ma da bj chi¥m va khéa & noi d6 khong
bang vdi khéa tim ki€m) thi do d&n vj tri k& ti€p trong bang, nghia
la so sdnh khda trong méu tin dé vdi khéa tim kifm. C6 ba kha
1Ang trong qui trinh do: néu cdc khéa bang nhau thi qua trinh tim
k&t thiic thanh cong; ndu khdng ¢6 mau tin & d6 thi qua trinh tim
két thic khong thanh cdng; trudng hgp ngude lai dd d8n vi tri k&
tiép, ti€p tuc tdi khi hofic khéa tim kigm duge thay holic ¢6 mdt vi
tri chua dung trong bang. Néu mdt miu tin chifa khéa tim kim
duge chen vao sau mdt qua trinh tiny kifm khong thanh oéng thi
c6 thé d& dang dat vio vi tri tring clia bang ndi méa qua trinh tim
két thiic. Phuong phap nay dé dang duge cii dat nhu sau:

procedure hashinitialize;
var iinteger;
begin
for i:=0 to M do ofi ]l key: =maxint;
end; _
function hashinsert(viinteger)integer;
var x:integer;
begin
x:=hiv);
while afxjkey <>maxint dox:=(x+1) mod M;
afxlkey:=v;
hashinsert: =x;
end;

Do tuyén tinh dbi héi mot gia tri khéa dic bist 48 danh dau
mdt vj tri tréng trong bang: chudng trinh trén diing maxint cho
muyc dich d6. Sy tinh todn tuong ing x:= (x+1) mod M nham d&
kiém tra vi tri k& ti€p (quay ngugc trd lai tir dau khi d&n cudi cla
bang). Chu y ring chuong trinh khdng kim tra bang cé kha ning
bj lap day hay khong. ( Ditu gi s& xay ra trong trudng hop nay ?).
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rey: RISIENARICHDN@EXRIMEILE

hosh: 1 0 5 118 3 8 9147 5 5 1131612 5

Hinh 16.3 Mét ham bim (M=19)

Vi dy cia ching ta cho tap hop cac khéa véi M=19 o6 1@ phéi
lay cic gi4 tri bim duge cho nhu trong hinh 16.3. N&u nhing khéa
nay duge chén vao theo thi ty di cho vao trong mot bang réng da
khdi tao thi ching ta duge mdt day nhu trong hinh 16.4.

Sy cai dat cua hashsearch thi tuong ty nhu hashinsert: chi can
them ditu kién “a[x].key< >v” vao vong lip while va x6a lenh luu
tri v lién sau d6. Khi goi thd tuc nay, dé bigt qua trinh tim kism
thanh cong hay khong, ta kiém tra xem gia trj tra vé 1a v (thanh
cdng) hay la maxint (khong thanh cong). Céc quy uéc khic cing
c6 thé duge ding, ching han nhu hashsearch c6 thé tra v& M khi
tim kigm khong thanh cdng. Véi mot s8 1y do ma s& duge rd sau
nay, phuong phap dia chi md s& khong thich hgp néu phai xi ly
mdt s& lugng 1dn cic mdu tin c6 khéa bing nhau, nhung
hashsearch o6 thé sita lai d& dang @8 xi 1y trudng hop céc khéa
bing nhau ma méi khéa c6 mét chi danh duy nhét.

Kich thude bang cho viéc do tuyén tinh thi ldn hon so véi xich
ngan cdch, boi vi ching ta phai ¢c6 MN, nhung ting s3 lugng bo
nhé cin dung lai nhd hon bdi vi khong sit dung cac lign két. s§
htgng trung binh cac phan ti duge kiém tra cho mét lan tim kigm
thanh cong d6i vi du nay la 33/17 gan bing 1.94.

TINH CHAT 16.2 V2 mg trung binh, do tuyén tinh si dung
it hon 5 lan do d6i véi mot bang bam ma chua déy dén hai phin
ba.

Céng thic chinh xac cho s§ [an db trung binh, tinh theo “h¢ so
nap” a=N/M ciia bang bam, 14 1/2+1/[2(1-a)2] cho trudng hop tim
kifm khong thanh cong va 1/2+1/[2(1-a)] cho truang hgp tim
kiém thanh cdng. Do d6 néu chen a=2/3 chiing ta ¢6 nam [an do
cho truding hgp tim ki€m khong thanh cong va hai [an cho trusng
hgp thanh cdng. Tim kigm khéng thanh cong ludn dit gia hon tim
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Hinh 16.4 Phuong phdp do tuyén tinh

ki€ém thanh cong va mot [an tim ki€m thanh cong sé yéu cau it hon
nam [an do dén khi bang day khoang 90%. Khi bang gan day (a
gan bang 1) nhing s8 nay trd nén rit 16n; Diéu nay khéng nén cho
xay ra trong thyc t& nhu chiing ta sé thao luan sau nay.
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Hinh 16.5 Do tuyén tinh trong mét bang lém hon
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BAM KEP

(DOUBLE HASHING)

Phuong phdp do tuyén tinh (thyc ra d5i vdi bat ky phudng phap
bam nao) hoat dong duge bdi vi khi tim ki®m mdt khéa cy thé
ching ta duyét qua mdi khéa ma bam tdi cing mét dja chi trong
bang (trutng hgp dac bigt 1a chinh gia tri khéa ban dau néu né &
trong bang). That khong may, trong phucng phap do tuyén tinh
thi cic khéa khic ciing duge kifm tra, duc bigt khi bang béit dau
day: trong vi dy trén, sy tim kim khéa x bao gom ca viec duyét
qua cac khéa G,H,I mic di ching khdng ¢6 cung gid trj bam vai
khéa X. That 1a d& khi viec chen modt khéa cing vdi mdt gia tri
bam 6 thé gia tang s8 [an tim ki#m 12n nhidu Ian cho nhitng khéa
cing cb gia tri bam khac: trong vi du , vidc cheén vho vj tri 17 sé
lam gia tang s8 lan tim ki&m d6i vdi vi tri 16. Hién tugng nay duge
hoi la sy gom nhém (clustering) né o6 thé lam phudng phap do
tuy&n tinh chay rit cham d5i véi cdc bang gan day. Hinh 16.5 cho
thay sy gom nhém trong mdt bang lén han.

Cé mdt phuung phdp dé dang d8 khi van dé gom nhém, 6 la
phudng phap bam kép. Chign luge co ban vAn 1a nhu cii; chi khac
la thay vi kiém tra mdi phan t lién tiép tai vj tri xung dat, ching
ta ding mdt ham bam thd hai. Didu nay dé dang chi dat bing cich
chen léenh u:= h2(v) tai vj tri b4t dau cta thi tuc va déi lenh x:=
(x+1) mod M thanh x := (x+u) mod M bén trong vong lap while.

Ham bam thi hai h2 phai duge chon cAn than & mot vai khia
canh néu khong thi chudng trinh c6 thé khéng hoat dong tot.
Trucc tién, hi€n nhign ching ta khong mudn u=0 vi dieu nay s&
din £6i mot vong lip vo han tai vi tri xung dot. K& dén dieu rat
quan trong la M va u phai nguyén t8 cing nhau vi n&u nguge lai
thi mot s6 day do tim o6 thé rat ngin (xem trutong hop M = 2u),
Ditu nay d& dang ép budc biing cich cho M nguyén t8 va u. K& dén,
ham bam thit hai phai khic ham bam thd nhat, vi néu khéng sy
gom nhém phiic tap hon e6 thE xuat hign. Mot ham nhu the a

h2(k) = M-2-k miod (M-2)

sé cho mdt pham vi t8t clia cic gia tri bam thi hai, nhung tréi
lai d6i véi nhing khéa dai, gis tinh toan phai trd s& bj gip dai chi
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key: [Al[S](E][A)(R][CHI[DN][G](E]X][A]MIPI[LI(E]
hash1: 1 0 5 118 3 8 914 7 5 5 1131612 35
Nash2: 7 gty gh g gudtiadg gogiizily sy e

Hinh 16.6 Mét ham bam kép (M=19)

dé tranh sy gom nhém. Trong thyc t& mdt ham bam don gian hon
nhigu cing du, vi dt,l nhu h2(k) = 8 - (k mod 8). Ham nay chi dung
3 bit cudi cing cia k; véi mOt bang 16n c6 th€ ding nhiéu bit hon,

méac du hidu qua, ngay ca diang chd y thi ditu nay ciing khfmg
quan trong lAm trong thyc t&.
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Hinh 16.7 Bam kép
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Hinh 16.8 Bam kép trong mét bang lém hon

Véi cac khéa mhu clia chiing ta, cic ham nay san sinh ra cac
gia tri bam nhu trong hinh 16.6. Hinh 16.7 cho thidy mot bang c6
dugc bling cach chen lién tiép cic khéa miu cia ching ta vio mot
bang dugc khdi tao trong bang céch ap dung bam kép véi cac gia
tri nay.

S6 trung binh cdc phan ti duge kim tra cho sy tim kigm
thanh cong thi I6n hon mot it so véi sy do tuyén tinh cho vi du
nay: 35/17 gan bang 2.05. Nhung trong bang thua hon, né bj gom
nhém it hon nhu trong hinh 16.8.

Véi vi du nay, sd cac cluster (nhém gom) nhizu hon hai [an so
v6i phuong phéap do tuyén tinh (hinh 16.5), hay ciing vay do dai
trung binh cta cluster thi giam di mot nia.

TINH CHAT 16.3 Ve mit trung binh s& lan do cia phuong
phap bam kép it hon so véi phitong phéap do tuyén tinh .

Cong thic hién nay dé tinh s6 [an do trung binh cia phuong
phap bam kép véi mot ham bam kép “doc lap” la 1/(1-a) dsi véi
truong hgp tim kiém khong thanh cong va (-In(l-a))/a d&i véi
trutng hgp tim kiém thanh cong. (Nhing cong thitc nay la két qua
cla sy phan tich sdu vé mit todn hoc va chua duge kiém ching véi
a lon). Ham bam don gian dé tinh ton thy hai da dugc gidi thidu &
trén sé hoan toan khong thoa mén ditu nay, nhung né chat che
hon, dac biét néu dung du bit sao cho pham vi cia céc gia tri c6
thé gan t6i M. V& mat thyc hanh, dieu nay c6 nghia la c6 thé diung
mot bang nho hon d& phuong phap bam kép do tuyén tinh cing s&
[an tim ki€m d8i v6i mot ing dung da cho: s§ [an do trung binh thi
nhd hon 5 d5i v6i mot fan tim kiém khong thanh cong n&u bang
chua day t6i 80%, va d5i véi mot fan tim ki€m thanh céng néu
chua day téi bang 90%.
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Céac phuong phép chi md rdt bat tign trong hoan canh dong khi
ma khong thé tidn doan trudc s8 [an cheén va xéa. Trude hét la
bang nén 16n cd nao? Ta phdi lugng gid trudc o6 bao nhidu lan
chén,tuy nhién tinh niing cia thuit todn s& thodi héa rat nhigu khi
bang bat dau day. Mot cach giai quyst chung ddi vdi vin dé nay la
bam trd lai mbi phan td vho mdt bang 1dn hon vdi tn s& khong
‘thudng xuydn. K& d&n 13 mdt méu tin khéng thé duge x6a mdt
cach don gian tir mot bang duge xay dyng vdi phuong phap dd
tuy&n tinh hay phuong phip bam kép. Ly do Ia cac an chen mi tin
vho trong bang sau nay ¢6 thé vugt khéi mau tin bi x6a, va sy tim
kitm nhitng mAu tin nay s& k&t thic tai noi duge chi®m bdi mau
tin bi x6a. Mdt cach 48 gidi quy&t vin de nay 1a ding moét khéa dac
biét khic che mébt vi tri tréng, vA chd ¥ dén nhitng Khéa nay trong
qua trinh tim kiém. Chi § ring ca kich thude bang va sy x6a miu
tin déu khong phai 1a van dé dac bigt d6i véi céc xich ngin cach
(Separate chaining).

- BAN LUAN THEM

Céc phudng phap théo luin trén da duge phan tich hoan chinh va
no ¢6 thé so sinh tinh nang chia ching trong mot vai khia canh,
Cac cong thic duge che & trén duge tém tit tir cac phan tich chi
tiét cia D.E.Knuth trong quyén sich vé Sip x&p vh Tim ki€m
(Sorting and Searching) cila dng ta. Cac cong thite chi ra sy thoai
héa vé tich nfing cia phuong phap dia chi mé khi a dan téi 1. Véi
M va N lén va khi mdt bang day & 90% thi phuong phap do tuyén
tinh s& doi hoi 50 [an do dai véi mdt trudng hop tim kim khéng
thanh cong, va déi vdi phuong phip bam kép thi doi hoéi 10 [an db.
Nhung trong thyc t&, ngudi ta khongbao gis dé bang bam day tai
90%! Vdi cac he st nap (load factor) nhé, chi cin mdt vai [an do,
n&u khong thé dan x8p d€ cho cac h¢ s3 nap nhd thi khéng nén
dung cic phuong phap bam.

So sinh phudng phdp db tuydn tinh vh phudng phap bam kép
ddi vi xich ngan cach thi phuc tap hon, bdi vi cic phuong phap
dja chi md& dung it bd nhd hon do khéng o6 cac lien két. Gia trj a
dudc hiéu chinh dya vio kich thudc tuong d8i gitta cac khoa va cde
lign két. Di2u nay nghia la khong chi don gidn chon phuong phap
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xich tach bigt d& giam s3 [an tim ki®m n&u nhu s8 mdu tin duge xi
Iy khong bigt trudc vk duge cp phat bd nhé doi dao va dung
phudng phip biam kép d€ tim ki¥m mdt tdp hop khéa ma kich
thudc cia ching cd thé duge tign doan trude thii han.

Nhi2u phuong phap bam khdc duge phat bidu va c6 ap dyng
trong vai hoan canh dic bigt. Miac di ching ta khéng the di sau
vao chi tiét, ching ta 58 xem tém tit hai vi dy @& minh hoa ban
chit cia cic phudng phip bim dic bist. Hai phuong phap nay va
nhigu phudng phép khac duge mé ta day ¢ trong quyén sdch ciia
Knuth va Gonnet.

Trudc hét, 1a phuong phap bam thi ty (odered hashing), né
khai thic thd ty trong mét bang dja md. Trong phucng phap do
tuyén tinh chufin, ching ta ding khi tim thiy mét vj tri trdng hay
mdt mau tin 6 khéa bang véi khéa dang tim kiém; Trong phuong
phap bam thif ty, ching ta’dimg qua trinh tim kigm khi tim thdy
mdt miu tin c6 khéa 1dn hon hay bang v6i khéa dang tim kidm
(bang phai duge xAy dung khon khéo dé o6 thé lam duge nhu the),
Phuong phap nay lam cho thdi gian tim ki®m khong thanh cong
xAp x1 vdi thoi gian tim kiém thanh cong. (Dieu nay gidng nhy sy
cai tién trong phuong phap xich ngin cich.) Phuong phap nay o6
ich ddi vdi cdc ing dung ma trudng hgp tim ki€m khong thanh
cong thudng xuyén xay ra. Vi dy, mdt he thdng x ly vin ban o6
thé c6 mot thuat todn cho cée tif ndi ma hoat déng t5t cho hau hét
cac tif ngoai trif cde trutng hgp quai di. Tinh the cé thé duge xi Iy
bing ich quan sit tit cd cac tit ma phai duge x& ly bang mot
phudng phép dac biét dé thoa man hau hét 1a xiy ra trieing hop
tim ki€m khong thanh cong.

Tudng ty, ¢6 chc phudng. phdp tim kigm di chuyén mét vai
méu tin trong sudt qua trinh tim ki€m khéng thanh cong d8 cho
sy tim ki€ém thanh cdng c6 higu qua hon. Thyc ra thi R, P. Brent
da phdt trién mdt phudng phap ma thdi gian tim kiSm trung binh
cho mdt truing hgp tim kiém khong thanh cdng ¢6 thé bj chan boi
mdt hang s§, day Ia mot phuong phap rit hiu dung cho céc ung
dung ma trudng hgp tim kiSm khong thanh cong thung xuyén
xAy ra trong mot bang rét I6n o3 nhy céc ty dién.
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Day chi 1a hai vi dy trong mét s8 1dn cac thuiat toan dude cai
tién cho cic phudng phap bam. Hién nay cé nhidu cai tién rit thd
vj va o6 cac dng dung quan trong. Tuy nhién, phlldng phap xich
ngan cach va bam kép thi lai don gian, higu qua va hoan toan thich
h¢p cho hau hét cac ung dung.

Céc phuong phap bam duge thich hon so vdi cac ciu tric cay
-nhj phan trong cic chuong trude d6i v6i nhiéu ing dung bdi vi nd
don gian hon va lai cho thui gian tim kiém nhanh han n&u nhu
chap nhan tén chd cho mdt bang ldn. Cic cliu tric cay nhj phan c6
thuén lgi nho vao tinh dong clia chiing (khdng can biét trudc s8 lan
chen vao cly), ching cling ¢d thé bdo ddm trong trudng hgp xau
nhét (trong khi méi phan ti déu 6 thé bam tdi cing mdt ndi ngay
ca doi véi phuong phdap bam tot nhait), va ehing cung cip mot
pham vi thao téc rdt rdng }6n (quan trong nhét 1a chic nang sip
x&p). Khi cac d6i tugng vira néi trén khdng quan trong thi chic
chén phuong phap bam la phuong phap tim ki#m duge lya chon.
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BAI TAP

1. Md ta lam th& nao d8 cai dat mdt ham bam bang céch dung mot
mot bd phét sinh s8 ngdu nhién tat. Cé ¥ nghia hay khéng néu
cai dat mot bd phat sinh nghu nhien bing cach dung mét ham
bam.

2. Lugng gid trudng hop x8u nhat khi chen N khéa vio mat bang
duge khdi tao trdng bing cich ding xich ngin cdch véi cac
danh siach khéng thi ty.

3. Cho bigt ndi dung clia bang bam c6 duge khi chén cac khéa E A
SYQUES T IO N theo thit ty dé viio mdt bang duge khdi tao
tréng kich thuée 13 bang phudng phép db tuyn tinh.

4. Cho biét noi dung ciia bang bam c6 duge khi chen cdc khéa E A

SYQUESTION theo thi ty d6 vao mdt bang duge khai tao

. trong kich thuéc 13 bang phuong phap bam kép. (Trong d6
h1(k) lay tit cAu hoi trude, h2(k) = 1 + (k mod 11))

5. Can khodng bao nhi¢u [an db khi dung phuong phap bim kép a&
xay dyng moét bang v6i N khéa bing nhau?

6. Ban nén diing phuong phap bam nao cho mét ung dung ma cé
nhiéu truong hgp khéa trung nhau?

7. Gia sif rang cho bigt trudc s§ phan tit 58 duge dat vio bang bam.
Véi nhiing didu kién nao thi phuong phap xich ngan cach thich
. hgp hon phuong phap bam kép.

8. Gid sit mt lap trinh vfidn o6 mot 16i trong chugng trinh ding
phudng phdp bam kép ma mét trong cac ham ludn tra v& clng -
mot gia tri (khac 0). Mo ta ditu gi s8 x3y ra trong médj tinh
hudng (khi ham thi nhat bj sai vi khi ham tha hai bj sai).

9. Nén ding ham bam nao néu bist trude riing cac gis tri khéa roi
vao mét pham vi tuong d8i nho.

10. Phé binh thut todn sau day, thuat toan nay nhim mue dich
x6a khéa khédi mot bang bam duge xay dyng bang phuong phap
db tuyén tinh. Quét qua phai k& tir phan ti duge x6a 48 ra mot
vi tri tréng, k& dén quét trai dé tim mot phan td o6 cling gia trj
bAm, sau cling thay th& phan tit duge x6a bi phan i vira tim
duge.
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TiM KIEM DUA VAO CO SO
(RADIX SEARCHING)

Nhigu phuong phap tim ki®m chi ki€m tra cac khéa tim kism
theo tiing bit thay vi phai so sdnh toan bd cdc khéa véi nhau.
Nhitng phusng phip nay duge goi la cic phuong phap tim kigm
difa vao od s8, ching lam vige véi cac bit cla khéa, ngude lai véi
cAc phuong phép hash 1a dung mdt bang chuyén d6i ciia cic khéa.
Gidbng nhu cc phuong phap sip x&p dua vio cd s& (xem chuong
10), nhing phuong phép nay hitu dyng khi cac bit cia csc khéa
tim kiém dugc truy xuéit d€ dang va cdc gid tri cha cdc khéa tim
kiém dugc phan bd tét. '

Thuan lgi chinh cha cdc phuong phép tim kiSm dya vao oo s6
[a ching cung cip mot phuong phap dé dang xit Iy cic khéa ob
chiéu dai thay d6i; mot so truung hop thi tiet kidm khéng gian litu
tri biing cach luu trid bd phan khéa bén trong céu trdc di lidu;
ngodi ra ching o6 thé truy xuit dd lizu nhanh c6 thé sanh duge véi
ca chy tim ki€m nhj phan va phuong phap hash. Sy bat Igi cua
phueng phép nay 1a néu dit lidu khong d6i xing thi c6 thé dan téi
cac cAy thodi héa véi tinh ning xau (va di lidu bao gom céc ky ty
thi lai khéng d6i xing) va mdt s& trudng hgp thi bj hao phi khong
gian lau trd, Cing nhu nhitng phuong phép sip xép co 8, cac
phuong phap tim kigm dya oo s§ duge thigt k&€ d€ tan dyng dac
trung cua ky thudt méy tinh: bdi vi ching diing tini chit 8 cda
céc khoa, rat khé hay tham chi khong thé cai dat ching mdt cach
hiéu qua trong c4c ngdbn ngit nhu Pascal.

Chiing ta sé diém qua mét chudi cdc phuong phap, mbi phuong
phap hidu chinh mdt v&n d& cdn ton déng trong phuong phap
trude, cudi cung la mét phuong phap quan trong méa hoan toan
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hitu dyng cho cic ¥ng dyng tim ki€m cd chda céc khéa dai. Hon
nia ching ta s& xem sy tuong ty cua né vdi ph\.rdng phép “sép x&p
thi gian tuyén tinh” (“linear-time sort”) cia chuong 10, d6 la
ph].tdng phép tim ki€m “thi gian hing” (“Cont stant- tlme”) duge
dya viio quy luat tudng tu.

CAC CAY TiM KIEm sO HOC
(Digital Search Trees)

Phuong phép tim ki®m dya vao cd s8 don gian nhét 1a tim kiém
trén chy s8 hec (digital tree): thuat todn giéng hét nhu tim kiém
trén cay nhj phan ngoai tri¥ sy phan nhanh cay khong tuong ﬂng
véi k&t qua cua sy so sdnh cac khéa mé tudng ding vGi cAc bit cua
khéa. O tang dau tien thi bit dAn dau duge ding, & tang thd hai thi
bit thii hai duge diung, va tiép tyc téi khi gap mdt nit ngoai.
Chuong trinh lam thao tac néi trén vt gidng véi chuong trinh tim
kiém trén cAy nhj phan, chi khéc la sy so sdnh khéa dugc thay thé
bang cach gei him bits ma chiing ta d4 dung trong phudng phép
shp x8p dya vho co 6. (Nhéc lai tit chuong 10 la:

bit(x, kj) = & div 25) mod 2;

* haim nay c6 thé cai dat higu qua boi cac thao tac trén bit nhu
dich chuyén, and, or...).

function digitalsearchiv:integer; x:link):link;
var b:integer;

begin

2! ey = v, br=maxb;

repeat
if bits(v,b,1)=0 then x:=x tlelse x:=x! 2,
b:=b-1;

until v=xt key;
digitalsearch;=x;
end;

Cau trdc da@ lidu cho chudng nay thi gidng nhu ching ta da
diing cho cay nhi phan tim ki&m. Héng s8 maxb la s8 bit trong cic
khéa dugc sip x8p. Chuong trinh gia s rang bit dau tién trong
mdi khéa (bit thit maxb + 1 tir bén phai) 1a 0 (c6 thé 1a k&t qua b
duge khi goi ham bits vdi d8i s§ thif ba la maxb), sao cho sy tim
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A 00001
S 10011
E 00101
R 10010
C 2001
H 21000
I 01001
H 01119
G 00191y
X 11000
M 211901
P 10000
L 21100

Hinh 17.1 Mét cay tim kiém s8 hoe

kiem két thic bing cich dat x:=digitalsearch(v,head), trong dé6
head la mot lien két dén nit header cia cay (tree header node) cé
khéa 0 va c6 lien k&t trai tro téi cay tim kiém. Do d6 tha tuc khai
dong cho chuong trinh nay thi giéng nhu cho tim kiém trén cay
nhj phan, ngoai trit ching ta bat dau véi head?! l:=z thay vi
head ! r:=z.

Chiing ta da thiy trong chuong 10 1a c4c khéa béng nhau thi bj
dai ki trong phuong phép sip x&p dya vao co s5, khong nhitng
trong thuat toan cy thé nily ma cdn trong cic thuat tosn ma ching
ta sé nghién ciu sau nay. Do d6 trong chuong nay ching ta sé gia
st ring tdt ca cac khéa xudlt hién trong ciu tric di litu 1a phan
biét nhau: n&u can, c6 thé dung mét danh sach lién két cho méi gia
trj kh6a cta cdc mau tin ma gia trj khéa cia ching bang nhau.
Nhu trong cdc chudng trudc, chiing ta sé gia si rang chit thi i cia
bang chit cai duge biéu dién bdi biéu dién nhi phan 5 bit cia i. Cac
khéa mau diung trong chuong nay duge cho trong hinh 17.1. P&
pht hgp v6i ham bits, ching ta xem céc bit duge danh s5 tir 0 dén
4 theo thi ty tir phai t6i trai. Do d6 bits 0 1a bits duy nhit cla A
ma khac 0 va bit 4 1a bit duy nhat ciia p ma khac 0.

Thi tyc chen vao cay tim kiém s8 ciing duge k& thita tryc tigp
tif thu tuc tuong ng cho ciy tim ki€m nhj phan:
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function digitalinsert(v:integer; x.link):link; -
var p:link; b:integer;
begin
b:=maxb;
repeat
pr=x;
if bits(v,b,1)=0 then x:=x tilelsex:=xt.r;
b:=b-1;
until x=z;
new(x); x| ey =uv; VL= x =2 '
if bits(u,b+1,1)=0 thein Li=x elsepT re=x;
digitalinsert; =x;
end;

Cay duge xay dung bdi chudgng trinh nay khi ching ta chén céc
khéa mbu vao mdt cay duge khdi tao tréing nhu trong hinh 17.1.
Hinh 17.2 cho thdy didu gi xay ra khi mdt khéa méi z=11010 duge
thém vao cay trong hinh 17.1. Ching ta dén phia phai hai [an bdi
vi hai bit ddn dau cla z Ia 1 va k& d8n chiing ta chuyén qua trai, §
d6 ching ta cham phai nit ngoai & bén trdi cia x va z duge chén
vao cAy.

Trudng hgp xdu nhit cho cic cay duge xay dung vdi phuong
phap tim kiém s8 hoc thi t8t hon nhidu so véi cay tim kiém nhj
phan, néu si lugng khéa 16n va cic khéa thi khﬁng dai. Chieu dai
clia con dudng dai nhit trong mjt ciy tim ki&€m s8 hoc 1a chigi dai
cua bit din dau dai nhat cia hai khéa bat ki trong ciy ma od cic
bit dan dau trung nhau, vi con s§ nay thi tudng d6i nho doi vai
nhigu ing dyng (vi dy, néu cic khéa bao gbm céc bit ngiu nhién ).

TINH CHAT 17.1 V2 mat trung binh doi véi mot ciy tim
kidm sB hoc duge xéy ding Gt cdc khéa b-bit nglu nhién thi mpt
thao tic tim kiém, hay chen vio cay sé doi hoi khodng IgN phép so
sanh vitb phép so sénh trong triing hop xiu nhat.

Hién nhién ring khong bao gitt o6 con duting dai hon sb bit cia
cac khéa: vi dy, mdt cay tim kiém s6 duge xay dyng tif cic khéa 8
ky ty vdi 6 bit mdi k¥ tu sé khdng 6 con duting dai hon 48, ngay
cA néu o6 hang tram ngan khéa, vé mat trung binh cic cay tim
kigm s hoc thi gan nhu can bang hoan toin, két qua nay doi hoi
mdt sy phan tich vugt khoi pham vi cla quyén sach nay, mac dit
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Hinh 17.2 Chen (Z) vao mét cay tim kiém s6 hoc

n6 ding véi tryc gidc don gian I bit “ké& ti€p” clia mdt khéa ngiu
nhién thi kha ning la 0 hay 1 1a nhu nhau, vi vay mot nia sé roi
vao mot canh cia nit bat ky. Hinh 17.3 cho thiy mot cay tim
kiém s8 hoc duge xay dyng tir 95 khéa 7 bit ngiu nhién, cay nay
thi hoan toan can bang.

Do d6 cac cay tim ki€m s8 hoc cho ta mot lya chon hip din
hon so v6i cay tim ki€m nhi phan chuéln, sy trich ra cac bit thi dé
dang thyc hién ciing nhu so sanh khéa.

TRIE TIM KIEM CcO SO

Rét thuong xay ra trudng hgp ma céc khéa tim kiém rét dai, c6 thé
bao gom 20 ky ty hay dai hon. Trong tinh hudng nhu thé, gia phai
tra cla sy so sinh mot khéa tim kigm véi mot khéa tit cau tric di
litu c6 thé rdt ding ké dén ndi khong thé b sét.Cay tim kiem s6
hoc dung phép so sanh tai méi niit cia cay; trong phan nay ching
ta sé thiy rang trong hau hét cic truong hop chi can mot phép so
sanh cho méi [an tim kigm. '

Hinh 17.3 Mét cay tim kiém s6 hoc lon
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Y tudng la khéng luu trit cac khéa trong chc niit clia ciy, ma
dat tit ca ching vao cac niit ngoai cua ciy. Nghia 14, thay vi dung
z cho cic nit ngoai clia cdu trie, ching ta dit céc ndt ma chia cac
khéa tim ki€m. Do d6 ching ta o6 hai dang mit: cic nit trong chi
chia céce lidn k&t t6i cdc mit khic, v cic mit ngoai chia cdc khéa
va khong chia céc lien k&t. (Fredkin @it tén phuong phdp nay la
“trie” bdi vi nd hitu ich cho viée truy xuft-retrieval; trong ddi thoai
tit ti¥ng Anh nay thudng duge phit am la “try-ee” hay chi la “try”
véi 1y 1& hidn nhign.). D& tim ki®m mot khéa trong cfiu tric nhu
th&, ching ta chi phan nhénh tuong dng vdi cic bit cda ndé nhu
trén, nhung ching ta khéng so snh né véi bit k¥ mot phan ti nao
d&n khi gap mét nut ngodi. Mbi khéa trong cay duge luu trit trong
mdt nit ngoai trén con dudng duge md ta bdi miu bit ddn dau cha
khéa vi mdi khéa tim kiém ditng lai 8 mét mit ngoai, mot phép so
sanh toan bd duge thyc hién d€ két thic qua trinh tim kiém.

Hinh 17.4 cho thdy mdt trie tim ki€m co¢ s& nhj phan cho cic
khéa A S E R C. Vi dy do ba bit dau tién cia E la 001; nhung béi vi
khong c6 khéa nao trong trie bit dau véi day bit 101 nén dé cham
téi E ching ta khdi dau tit gbc va dén trai, trdi, phai nén khi di
theo phai, trai, phai ta s& gap mdt nit ngoai, Trude khi nghi vé
cach chen vao ciy, doc gia nén suy gdm vé tinh chdt rit ngac
nhién cla ciu tric trie 1a né doc Iap véi tht ty chen cac khéa vao
chy: c6 mbt trie-duy nhat vai mét tip hgp khéa phan bigt duge cho
tnide.

Nhu thuting 18, sau mdt qua trinh tim ki€m khong thanh céng,

chiing ta c6 thé chen khoa tim ki€ém bing cich thay nit ngoai tai
noi két thic qua trinh tim kiém véi dieu kign Ja né khang chia

Hinh 17.4 M5t trie im kiém co sd
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Hinh 17.5 Xay dung mét trie tim kiém co s

mét khéa nao. DPay la trudng hop khi H duge chen vao trie trong
hinh 17.4 va két qua nhu trie dau tién tronh hinh 17.5. N&u ndt
ngoai két thic qua trinh tim ki#m c6 chia mét khéa, khi dé phai
thay the né bdi nit ngoai ma sé chia khéa tim kim va k&t thic
qué trinh tim kiém. That khéng may mén néu cac khéa nay trung
nhau & cdc vi tri bit nhigu hon thi phai can them mot vai niit ngoai
ma khdng chia khéa (hay mdt vai nit ngoai c6 chia niit con ngoai
tréng). Dieu nay xay ra khi chen I vao cay nhu trong hinh 17.5.
Phan con lai cta hinh 17.5 cho thay day di vi du cia chiing ta khi
cdc khéa N G X M P L duge them vio.
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Sy cai dat phuong phép nay béng ngdn ngi Pascal thi phic tap
hon thutng 1& boi vi can phai duy tri hai dang nut, ca hai dang dé
o6 the chi t6i cdc lién két trong cdc niit ngodi. Déy 1A mot vi du
trong thuat toAn ma sy chi dat cip thdp @ don gian hon cai dat
cp cao. Ching ta sé bo qua chudng trinh cho phudng phap nay bai
vi chiing ta sé thiy mdt cai tigh dudi day mé né trdnh vin de nay.

Moi khéa trong ciy con trdi cla trie tim ki€m cd s8 nhj phan
deu din dau boi bit 0, moi khéa trong cAy con phai thi déu dan dau
bai blt 1. bi2u nay cho ta mdt tuong ung tryce ti€p véi phuong phap
sAp x&p co s8: tim kiém trie nhj phan phan hoach tip tin v6i mit
phuong phap chinh xdc nhu phudng phap sip x&p chuyén vj cg &
(radix exchange sorting)(hay so sinh trie bén trén véi hinh 10.1,
biéu do phan hoach cho phuong phap sdp x&p chuyén vj oo s sau
khi chi ¥ rang cdc khéa khac nhau mot it) sy tuong dng nay tucng
ty vdi sy tudng dng gida tim ki€ém trén cy nhj phan va Quichsort.

TINH CHAT 17.2 Mot thao tac tim kiém hay chén trong mot
trie tim kiém co s6 doi hoislgN phép so sanh bit vé mat trung binh
vit b phép so sdnh bit trong triong hop xfu nhit, Trong dé trie
dudc xity dung tic n khoa b-bit nglu nhién.

Giting nhu trén, truong hop xAu nhat dude suy ra triye tiép tit
thuat toan va tn.rdng hdp trung binh doi hoi sy phén tich todn hoc
gt khoi pham vi clia quyén sich nay, mic di vé mat tryc quan
ta thdy trong mdi phép kiém tra bit thi bit 0 va bit 1 c6 kha ning
ngang nhau vi vy mdt nita khéa sé roi vao mdi canh cla bat ky
niit nao cua trie.

Mot tinh chit can quan tAm cda cac trie od 58 va ngudi ta phai
phan bigt ching vdi chy tim ki€m dang khéc 14 sy phadn nhanh
“mbt dubng” {(one way) doi hdi cac khéa cé chung mét s6 1dn céc
bit. Vi dy cdc khéa chi khac nhau bit cudi cling sé doi hoi mét con
dudng c6 chidu dai biing vdi chizgu dai khéa, bit chip o6 bao nhidu
khéa & trong cay. Doi khi s§ nit trong cd thé 16n hon s lugng
khoa.

TINH CHAT 17.3 Trie tim kiém co s8 duve xty dung tir N
khoa b-bit nglu nhién co khoing Niln2 (gan bing 1.44N) nit veé
miit trung binh.
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Hinh 17.6 Mét trie tim kiém co s6 lén

Mbt [an nda chitng minh cia két qua nay hoan toan vugt khoi
pham vi clia quyén sach nay mac di né dé& dang dugc kiém ching
mot cich tryc quan. Hinh 17.6 cho thdy mot trie duge xay dyng tir
95 khéa 10-bit nghu nhién ma c6 131 miit. _

D) cao ciia cic trie vAn con bj giéi han béi s8 bit trong khéa,
nhung chiing ta s& khao sit kha nang xit Iy méu tin véi cac khéa
rit dai (chéing han 1000 bit hay nhiau hon), vi du nhu dsi véi da
lieu ky ty bi ma héa. Mot phuong phap dé lam ngin cac duong di
trong cay la dung nhigu hon hai lién két cho méi niit (mac di dieu
nay lai vi pham védn dé khong gian luu tri bdi vi dung qua nhiéu
nit); Mot phuong phap khac la chuyén cic con dudng chua cac
nhanh “mot dudng” (one-way) thanh cac lien két don. Chiing ta sé
théo luan cac phuong phap nay trong hai phén téi.

TIM KIEM CO SO DA HUONG

Vi phuong phap sép x&p cd s8, chiing ta thiy riang c6 thé cai
tién vé mat téc do biing cich xét méi lan nhidu hon mot bit. Dieu
nay cing y hét nhu tim kiém co s8: biing cich kiém tra m bit mé;
[an ching ta c6 thé tang téc db tim kidm len modt hé s& bang 2m,

Hinh 17.7 Mjt trie co s6 4-huéng
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Tuy nhién, c6 mot trd ngai can chd ¥ khi 4p dung y tudng nay ddi
v8i tim ki®m cd 5. Van de xét m bit mdi [an, tic la tuong dng véi
viee ding cac mit cla cdy v6i M = 2™ lién két sé dan dén mit
lugng déng k& khong gian luu tr phi cho cée lien két khong dugce
sit dung.

Vidy néu véi M = 4 thi sé c6 trie trong hinh 17.7 cho céc khéa
méu cta ching ta. D& tim kiém trén trie nay, hay xét mbi lan mjt
cap bit trong khéa ; néu hai bit dau tign Ja 00 thi ta chon lién két
trai cia nit dan tlén n&u ching 1a 01 thi chon lign k&t thd hai;
n&u ching 14 10 thi chon lién k&t thid ba; n€u ching 1a 11 thi chon
litn k&t phai. Khi d6 nhénh trén ting k& ti€p tudng \dng vdi bit thit
ba va thi tu, vi du d& tim klém T = 10100 trong trie cua hinh
17.7 ta chon lién k&t thit ba tit goc va k& d&n lién két thit ba tir con
thd ba cia gc d€ truy xufit t4i mot nit ngodi, va dén 46 thi qua
trinh tim ki®m k&t thic khong thanh cong. D& chen T vao thi nit
dé c6 thé duge thay bdi nit méi chida T (va b&n lién két ngoai).

Chu y rang c6 mot vai khdng gian phi trong cdy nay bdi vi mft
s§ 16n cac lién k&t ngoai khong ding. Khi M cang 10n, hiéu dng
niy cang x&u theém: b lidn két khéng ding la khoang MN/IgM d6i
v6i chc khéa nghu nhign, Xét v@ mat khac thi day lai la phuong
phdp tim kigm riit hidu qua: thdi gian chay khoang lgN. Chiing ta
oo thé dung hoa gita sy hidu qua thoi gian cia cic trie da hudng va
hieu qua khéng gian cia céc phudng phap khéc bing cich dimg
mjt phu::tng phap lai v6i mot gid try M 16n & dinh { vi dy hai tang
dau) va mot gia tri nho cia M (hay thay bang mot phuong phap od
ban nao d6) & day. Tuy nhidn mdt [an nia sy cai dat hidu qua clia
céc phuong phap nhu thé thi hoan toan phic tap bdi vi cie dang
nut bi.

Vi dy, mdt chy hai tang 32-hudng sé chia tap cac khéa thanh
1024 nhém, mdi nhém cb thé duge truy xuit bdi hai bude hudng
xudng phia dudi cay. Digu nay rit hitu dung d8i vdi nhitng tap tin
o6 hang ngan khéa bdi vi gan nhu chi c6 mot vai khéa moéi nhém.
Mat khac, vdi M nhod hon thi sé thich hgp cho céc tap tin vdi hang
tram khéa bdi vi nuu nguge lai thi hau hét cdc nhom sé trong va
qué nhieu khong gian luu trid bj phi di, va vdi M 1dn thi thich hgp
cho cac tap tin vdi hang tritu khéa bdi vi néu nguge lai thi hau hét
cac nhém s& c6 qui nhidu khéa va s& hao phi 1t nhidu thai gian
trong qua trinh tim kiém.
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Rét thi vi néu chd ¥ riing phudng phép tim ki€m “lai” tuong
Ung rat gan vdi phuong phap ma con ngudi tim ki€m do vat, vi dy
tim ki®m tén trong mot quyén danh ba dién thoai. Bude dau tien 1a
quyét dinh da huéng (“Hay xem, né bit dau véi chi A”), k& dén oo
the 1 cdc quy&t dinh c6 hai huéng (“N6 ding truée Andrens
nhung lai sau Aitken”), k& dén la tim kim tuan ty (“Algonquin ...
Algren, khong Algorithms khdng duge ligt ke & day”). Di nhién,
cic mdy tinh t3t hon con ngui & vige tim kiSm da huéng, vi vay
hai tang la thich hgp. Cing viy, nhanh 26-hudng (ngay ca vdi
nhieu tng) sé Ia mdt thay thé thich hgp khi xét céc khéa chi gom
cdc ky ty ( vi dy trong mot ty dién).

Trong chuong k& tigp chiing ta s& thiy mdt phuong phap c6 he
théng d€ cai dit che ciiu tric ma Igi dung phuong phap tim kifm
cd 88 cho cic tip tin c6 kich thude tuy y. '

PATRICIA

Phuong phép tim ki€m trén trie co s duge phic hoa & trén 6 hai
khuy€t diém can chi §: “Sy phan nhanh mot huéng” s& din dén
vide tao 14p cde mit ngoai trong cly, va ¢6 hai dang nit khéc nhau
trong ciy, diéu nay gay phic tap khi thio chuong trinh (dac bidt Ia
chitong trinh thém nit méi vao trie). GD.R.Morrison di kham pha
ra mdt phuong phap d€ tranh ca hai véin d& nay, va éng da dat tén
né la PATRICIA (vigt tAt cha Practiccal Algorithm To Retrieve
Information Coded In Alphanumeric). Thut toin dudi day khéng
hoan toan giéng nhu duge trinh bay bdi Morrison bdi vi ong ta
thich thi trong céc dng dung “Tim kigm chubi” (string searching)
nhu ching ta sé thiy trong chudng 19. Trong ngd canh hién tai
PATRICIA cho phép tim kiém trén N khéa dai tiy ¥ trén mdt cay

Hinh 17.8 Mjt céy Patricia
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o6 N nit nhung lai doi hoi chi mét Jan so sanh toan b khéa cho
mbi [an tim kigm.

DE tim kidm trén ciy nay, ching ta bit dau ti gdc v duyt
xudng phia dudi cay, sit dyng chi myc bit trong mdi niut dé xem
can phai kiém tra bit nao trong khéa tim kiém, ching ta ré phai
néu bit 11 1 va ré trai ndu né 13 0. Cac khéa trong mit thi khong
duge kifm tra khi ta duydt huéng xubng phia dudi cay. Cudi ciung
cham t8i mbt lien k&t hudng 1an trén: méi lign k&t hudng 18n trén
s& tro dén mot khéa duy nhit trong ciy ma c6 cdc bit 1am cho qua
trinh tim ki®m hudng t3i lién k&t d6. Vi dy, S 12 khéa duy nhit
trong cay ma khdp véi mA&u bit 10*11. Do dé néu khéa & nit duge
trd tdi boi lign két hudng trén.(mh duge chon t6i lan dau tién) bing
vi khéa tim kigm thi qua trinh tim ki®m sé k&t thdc thanh cbng,
ngugce lai 14 khong thanh cdng. Véi cdc trie thi tAf ca cac tim kiEm
k&t thic & cAc nit ngoai, khi 46 mdt phép so sénh toan bd khéa dé
x4c dinh qué trinh tim kiém thanh cong hay khéng, phudng phap
Patricia tim ki#m k&t thic tai cdc lien két hudng 1én phia trén, k&
d&n mot phép so sanh tean bd khéa 48 xac dinh qua trinh tim kigm
c6 thanh cdng hay khdng. Hon nita, rit d& dang ki€m tra dé xdc
dinh mjt lien kit c6 huéng len trén hay khong, boi vi cac chi myc
bit trong cac nit (de dinh nghia) s& giam khi ching ta duydt
xudng phia dudi cay. Didu nay dua d¢'n doan chuong trinh sau cho
phuong phéap Patricia, va day 1a mdt chuong trinh don gian gitng
nhu chudng trinh cho céc ciy co sb hay tim ki&m trén trie.

type link="node;
node=record key,infob:integer; Lr:link end;
var head,z: link;
function patriciasearchiviinteger; x.link):link;
var p:link;
begin
repeat

pi=x;
if bits(v,x1.5,1)=0 thenx:=x1.l else x:=x"'.r;
until p T o< =x;
patrictasearch: =x;
end;

Ham nay tra vé& mot lien k&t t8i nit duy nhat ma chita mau tin
véi khéa v. Chuong trinh goi ¢6 thé kifm tra qua trinh tim kigm c6
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két thic thanh cdng hay khéng. Do d6 d8 tim ki€m khéa Z=11010
trong cly néi trén ching ta ré& phai va ké dén en trén & lién két
phai cia X. Khéa & tai d6 khong phdi l1a Z vi vAy qué trinh tim
ki€m la khong thanh cong.

Hinh 17.9 cho thay k&t qui cta viéc chen Z=11010 vao cay
Patricia cla hinh 17.8. Nhu md ta & trén, viec tim ki&m Z k&t thic
tai nit chita X=11000. Do tinh chét cia cay, X 1a khéa duy nhat
trong cAy ma qua trinh tim kiém két thic tai nit d6. N&u Z duge
chen vho thi s& c6 hai mit nhu thé, vi vy litn k&t hudng len trén
ma di vao ndt chia X phai duge tré t6i mdt mit méi chia Z, va mot
chi myc bit tuong @ng tdi diém trai nhat noi 46 X va Z khac nhau
v4i hai lién két hudng lén trén: mot trd tdi X va lidn k&t con lai trd
téi Z. Didu nay y het nhu vide thay thE mit ngoai chita X bdi mot
nit trong mdi ma X va Z 1a con cla né trong qué trinh chén vao
trie od 58, va nhanh mdt hudng duge khir bo nhd vao chi muc bit.

Viéc chen T=10100 minh hoa mit trusng hgp phitc tap hon
nhiey, ban hay xem hinh 17.10. Qua trinh tim kiSm két thic tai
P=10000 cho thdy P 1a khéa duy nhit trong cdy véi mau bit
10*0*. Bay gits T va P khac nhau tai bit 2, mdt vj tri ma bj bo qua
trong subt qua trinh tim kiém. Diéu kign chi myc bit gidm khi
duyét xudng phia dudi cay budc T phai duge chen vio gida X va P,
va o6 mit con tré d&n T tuong wng vai bit 2 clia rieng né, cin than
chi y rang bit 2 duge bd qua trude khi chen T ham y ring P va R
c6 cung gid trj bit 2.

Hinh 17.9 Chén ngoai vdio mét edy Patricia
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Nhimng vi dy trén minh hoa chi hai truong hgp xay ra trong
qué trinh chén cla phudng phdp Patricia. Cai dat sau day cho thay
cac chi tigt:

function patriciainsert(v:integer; x.link);link;
label 0;
var t,p;link; i:integer;
begin
£:=patriciasearch(v,x);
if v=¢1 key then goto 0;
i:=maxh;
while bits(v,i,1)=bits(t1 key,i, 1) doi:=i-1;
repeat
p=x; if bits(v,x 1.6,1)=0 then x:=x"' ./ else x:=x L
until xt b <=ijorptb <=2t )
new(t); ¢ T.key:=v; ttob=g;
if bits(v,e 1.5, 1)=0
then begin ¢t L:=¢ ¢! r.=x end
else begin 1= ¢! .1 =x end;
if bits(op ' p,)=0thenp' l:=telsept r=t;
0: patriciainsert: ={;
end;

(Chuong trinh nay gid si rang head dugc khdi tao vdi gia trj
ciia trudng khéa la 0, n6 o6 mdt chi myc bit maxb va ca hai lién
k&t deu tro dén chinh né. Trudce tign, ching ta thuc hién qua trinh
tim kigm d€ tim khéa ma phai phan bigt vai v. Cac disu kién
x? b<=i va ptb<=xtb dac trung tinh hudng tuonng dng vdi

Hinh 17.10 Chén néi vao mot ey Patricia
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hinh 17.10 va 17.9. K& d¢n chiing ta xic dinh vj tr{ bit bén trai
nhit ma ching khic nhau, duygt hudng xudng dudi cay téi didm 46
va chén vao modt nit méi chda v & diém 46,

Patricia la phuong phap tim ki€m co s8 tinh tuy nhat: né dan
x&p dé€ nhan ra céc bit khéc vdi khéa tim kiém va xay dyng ching
thanh mét ciu tric dif lizu (khdng o6 cac nit du thia), nhs d6 ma
tim ra khéa duy nhét trong ciu triic d¥ lidu ma khéa tim kitm cb
thé bang khéa d6. R6 rang ky thuit ding trong phudng phép
Patricia ¢4 th8 duge ding trong trie tim ki€m co 88 nhj phan dé
kht sy phan nhianh mdt hudng, nhung didu nay chi lam tram
trong thém vin d& dang mit bdi ( multiple-node-type ). Hinh 17.11
cho thiy cdy Patricia cing mdt tap cac khéa duge ding d€ xay
dyng trie trong hinh 17.6, cdy trong hinh 17.11 khong nhing chi
" 6 44% nit ma cbn hoan toan can bhng.

Khong gitng nhu phuong phap tim kim trén cay nhi phan
chuin, cde phﬂdng phap od s6 khdng phu thudc vao thi ty chen
cac khoa vao; ching chi phy thudc vao cfiu tric clia chinh cic
khéa. Vai phucng phap Patricia sy thay thé cac lign k&t hudng lén
trén phuy thuge vao thid ty chén, nhung cu tric cay chi phu thude
vao cdc bit trong cac khéa nhu trong cdc phudng phap khie. Do d6
ngay ca phudng phdp Patricia cing b sy ¢d véi tap hgp khéa nhu
001, 0001, 00001, 000001, ... nhung véi cac tap khéa chudn thi cay
sé tuong dbi cAn bang, s6 lugng kidm tra bit {(ngay ca d6i vdi cée
khoa réit dai) sé xap xI véi IgN, trong dé N 1 s8 nuit trong cay.

Hinh 17.1% Mdt cay Patricia lén
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TINH CHAT 17.4 Mpt ety Patricia duge xty dung tir N khéa
b-bit nghu nhién cé6 N nit va vé mit trung bink doi héi IgN bit
Phép so sénh cho mdt qua trinh tim kidm.

Nhu d6i véi cie phuong phép khéc trong chudng nay, sy phan
tich cho trutng hgp trung binh thi qua khé. Phudng phép Patricia
doi héi ve mat trung binh it hon trie chufin mdt phép so sanh.

Chifc nang hitu dyng nhat cia phuong phap tim kigm trén trie
cd 0 1 n6 o6 thé hoat dbéng hidu qua d8i véi cde khéa cb chisu dai
bién déi. Trong c4 phuong phap tim kifm khac ching ta da thiy
chieu dai cla khéa phai duge bist trude, vi vy thai gian hoat dong
phu thuge chitu dai cing nhy s§ lugng cia cic khéa. Khi lya chon
phuong phép ndo thi ta phai dya vao phuong phéap truy xuat bit
duge dung. Vi dy gia sl ta o6 mdt mdy tinh o6 the truy xudt hidu
qua cic byte df lidu 8-bit va ching ta mudn tim kigm trong dam
hang trim khéa 1000-bit. Khi d6 khéa Patricia s& doi hdi truy xuat
9 hay 10 byte clia khéa trong sudt qua trinh tim ki#m, cong thém
vdi phép so sanh bing 125-byte, trong khi phuong phdp hash doi
hoi truy xuat tit ca 125 byte cia khéa tim ki§m d8 tinh ham hash,
cdng them mot vai phép so sanh bing, va cic phuong phap dya so
sanh thi dbi hoi nhiéu phép so sanh bing cic khéa dai. Sy so sanh
nay cho thiy phuong phép Patricia (hay tim ki&m trie oo s8 véi sy
kht di sy phan nhanh mét hudng) 1a phuong phap nén chon khi 6
cde khoa rat dai,
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BAI TAP

1. Vé cay tim kifm s8 hoc o6 duge khi chén cic khéa EASY
QUESTION theo thit ty 46 vao mét cay duge khdi tao tréing.

2. Phat sinh mét cAy tim kigm s§ hoe 1000 mit va so sanh dd eao
va s8 nit mdi fang cla né véi cay tim ki®m nhj phan chuin va
ciy tim ki€m do-den (chuong 15) duge xay dung ciing mot tap
khéa.

3. Hay tim mét tap hgp 12 khéa mi ching tao nén mdt trie tim
kigm s8 hoc can bing y&u.

4, Vé trie kiém co sd o6 duge khi chén cic khéa EASYQUEST
IO N theo thu tu dé vao mdt cay duge khdi tao tréng.

5. Mot van dé xay ra doi véi cdc trie tim kiém s8 hoc 26-hudng la
mét 88 ky tyf trong bang chi c4i thi lai duge st dyung rit thutng
xuyén. Hay d2 nghj mdt phudng phap & gidi quyst vin d& nay.

6. Mo ta phuong phap xéa mdt phan t¢ khoi cay tim kiém od s6 da
hudng.

7. Vé cay Patricia cb dugc khi chén cackhéa EASYQUESTI
O N theo thd ty d6 viio mdt cay duge khdi tao trong.

8. Tim mdt thp hop 12 khéa ma tao ra duge mdt ciy Patricia can
biing yéu.

9. Vigt mdt chuong trinh in ra tit ca cic khéa trong cay Patricia
ma c6 t bit khdi dau gidng vai mdt khéa tim kigm da cho.

" 10. Trong cic phudng phip od s6 thi phuong phdp nao thich hgp
dé viét chuong trinh in ra cic khéa theo thit tu? Phudng phap
nao thi khéng thich hop?
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Céc thuat todn tim kifm thich hgp cho vigc truy xu#t cic phan
td tir cie tAp tin 16n thi rit quan trong dsi voi ing dung trong
thye t&. Vidc tim ki€m la thao tdc cd ban trén cde tap tin d¢ lidu
16n, cdc tip tin ndy chic chin bao gom cic tai nguyén o6 y nghia
quan trong dudc cai dat nhieu [an trén mAy tinh.

Chfmg ta s& quan tdm nhidu d&n céc phuong phép tim kifm
trén cac tip tin ldn duge luu trd trén dia bdi vi thao tac tim kifm
trén dia thi thd vi nhit trong thyc t8. Véi cac thigt bj tuan ty
ching han nhu cdc bang ti, viéc tim kim thosi héa thanh phusng
phap cham tam thuong: dé tim ki€m mdt phan ti duge luu trén
bang tit ngudi ta khdng thé lam gi tdt hon ngoai vide lip bang ty
va doc né dén khi nao phan tir duge tim thiy. Dic bigt, cic phuong
phap ma chiing ta sé nghién cdu o6 thé tim thay mot phan ti ti
mdt dfa chia hang ty tir ma chi can hai lan truy xust dia.

Cfmg giéing nhu cac phuong phdp sip x&p ngoai, khia canh he
théng cua viéc ding phan cUng'Nhép[Xuét (I/0) phite tap la nhan
t& chinh y&u trong tinh nang cla cic phudng phap tim kigm ngoa1
(tdc tim kiém trén bd nhd ngoai), nhung chiing ta khong c6 digu
kign nghién didu d6 mdt cach chi tigt. DSi vdi cdc thuat toan sip
x&p thi cdc phuong phap ngoai hoan toan khac hin véi cic phuong
phap ndi (sip x&p trong RAM), nhung nguge lai chiing ta sé& thay
cac phuong phép tim kim ngoai 1a cdc mé rong logic cla cic
phuong phap tim kifm ndi mh ching ta 43 nghign cdu.

Tim kifm la mdt thao tdc eo ban cho cac thigt bj dia. Cac tap
tin dugc quan ly sao cho c6 thé Igi dung cac dac trung thiét bj cy
thé & truy xuat théng tin cang hidu qua cang t3t. Nhu da qui ude
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vii cac thuat todn sip x&p, ching sé lam viée véi mdt md hinh dia
don gian va khdng chinh xac hoan toan nhy trong thyc t& muyc dic
chinh cia ching ta la gidng gidi cic dac trung chinh cua cac
phuong phap co ban. Viée xde dinh phuong phap tim ki#m ngoid
t5t nhdt cho mot dng dyng cy thé thi vb cling phic tap va riit phy
thudc vao cédc dac trung cia phan cu‘ng {(va phan mém ha théng)
vi vay dé la van dé vugt ngoai pham vi cla quyen sidch nay. Tuy
nhién ching ta cing dé ngh1 mdt vai cich ti€p cAn tdng quat dé o6
thé van dyng trong thyc t&.

Doi véi nhigu ding dung, ching ta sé thudng xuyen dung cac
thao tdc nhu sia chda, them vio, x6a bit hay quan trong nhit Ia
mudn truy xudt nhanh mdt mAu thong tin rit nhd bén trong cic
t{‘ip tin vd cing ldn. Trong chuong nay, ching ta s& kiém tra mot
vai phudng phap cho cae hoan canh déng nhu thé, cic phuong
phap nay cung cﬁp mdt s6 thudn lgi dya trén cdc phuong phap
khéng phuic tap ma céy tim kiém nhj phan va bam cung cip trén
tim ki€ém nhi phan va tim ki&m tuan ty.

Mot sy tap hgp théng tin rdt 1n duge xit ly bing cach dimg
méy tinh s& duge goi 1a mdt cd s di litu (database). Mot huéng
nghién cyu 16n a tham nhap vao cac perdng phqp x4y dung, bao
tri va st dung cac cd s8 dit ligw. Tuy nhién, céc cg s§ dit lidu 16n o6
tinh i rat cao: mdi co s0 dt ligu 16n dude Xy dung dua trén moét
chién htge truy tim cu thé, phai trd mot gia rit dit dé xay dl.tng lai
co sd di lidu ma dung cée chién luge truy tim khac. Vi ly 1& nay,
cdc phudng phap tinh truéc day duge dung rong rai va ngudi ta
cling thich duy tri ching, mac du cde phudng phap dong gan day
dang duge bat dau duge dung cho cée cd sd dit lisu mdi.

Céc h¢ théng dng Jung co sd da lidu thung cung cip nhiéu
thao tic phic tap hon vige tim ki€m don gian mdt phan ti dya vao
mdt khéa don. Cac thao tdc tim ki#m thudng duqic dya trén cac
tieu chuin bao gom nhiéu hon mot khéa vi sé tra vé mét =6 lLrgmg
lén céc méu tin. Trong cic chudng sau chiing ta sé xem mot vai vi
dy ve c¢ic thudt toan ma thich hgp cho céc > yéu cAu tim kigm thude
dang nay, nhung cdc yéu cau tim ki€m tdng quat da da phuc tap
miic di chi don glan la tim ki€m tuan ty trén toan bd oo s di liduy,
kiém tra mbi mau tin xem né c6 théa man cdc dieu kign no do
hay khong.
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Céc phuong phap ma ching ta s& thao luan la cic phusng phap
rét quan trong vé mic thyc hanh khi cai dat cdc he théng tap tin
18n méa trong d6 mdi tip tin c6 mdt chi danh duy nhit va muyc dich
cua hg théng tap tin 1a cung cAp kha nang truy xudt hidu qua, chen
vi x6a dya trén chi danh dé6. Md hinh cla chiing ta s& khao sit dia
luu trid duge chia thanh cAc trang, cic khoi lign tyc cia thdng tin
ma c6 the duge truy xuét higu qua bang phan cing dia. M3i trang
s2 luu trid nhidu méu tin; nhidém vy céa ching ta la quan Iy cac
miu tin trong céc trang bang mot phuong phap ma bat ki mot
méu tin nao ciing o thé dugc truy xust bing cach chi truy xudt
mdt vai trang. Chiing ta gia sit rhng thdi gian nhap xust (I/0) can
thigt khi doc mét trang hoan toan trdi hﬂ so vdi thoi gian xu ly
can thigt d€ thyc hign bét ky tinh toan lién quan dén trang dé.
Nhu da luu § & trén, mo hinh nay thi rat don gian trén nhigu
phuong dién, nhung né ciing giit lai dd cac dic trung cla cac thist
bj luu trd@ ngodi thong thubng d& cho chiing ta khao sat mdt va
phuong phip cd ban thudg ding.

TRUY XUAT TUAN TU CO CHi MUC

Viéc tim ki€m trén dia tit mdt cach tudn ty la mé rong ty nhién
clia cic phuong phap tim kim tuin ty co ban da dudc xem xét
trong Chuong 14: cic méu tin duge luu tri theo thi ty ting cia
khéa, va cdc thao tac tim ki€m chi don gidn 1a fan lugt doc titng
méu tin mdt d&n khi gap modt méu tin chita mot khéa 16n hon hay
bang khéa tim ki€m. Vi dy, ndu cic khéa tim kiSm cia ching tala
EXTERNALSEARCHINGEXAMP LE vaching ta
6 cac dia c6 kha nang htu tri ba trang vh mdi trang bdn mau tin,
thi ching ta c6 ciu hinh nhu trong Hinh 18.1. (Cing gidng nhu
véi cdc phuong phdp sap x&p ngoii, ching ta phai xem xét cdc vi
dy rit nhé dé hiéu cic thuat toan, va suy nghi vé cac vi du it lén
d2 ddnh gia tinh ning cia ching.) Hién nhién, phuong phap tim

Disk 1 (ATATAIC)e[ETEIETE) e [ETGIRT 1
Disk 2 fLIL.|M1N|-[H|i_=rnlnlei_sh1x[ﬂ=

Hinh 18.1 Truy xudt tuan tw
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ki€m tuan ty thuin tiy thi khong hip din bdi vi chéng han nhu
khi tim kiem W trong Hinh 18.1 s& doi héi doc toan bd tit ca cic
trang.

DE cai tign manh tdc 46 cta mot thao tdc tim kiém, ching ta
c6 thé duy tri cho mbi dia mot “chi muc” cho bigt cic khéa thude
vé trang nio trén dia d6, nhu trong Hinh 18.2. Trang dau cia mbi
dia la chi muyc clia néd: cic chi nho cho thiy chi ¢6 gia trj khéa
dudc luu trit chd khéng phai toan bd méu tin va cdc s8 nhd la cic
chi myc trang (0 nghia la trang dau trén dia, 1 la trang k& tidp,
...). Trong chi muc, mbi s§ trang xuat hign phia dudi gia tri cla
khéa cudi cing trén trang trudc d6. (Khoang tring 1a mdt khda
cam canh nhd hon tit ci cac khéa cbn lai, va ky hidu '+’ nghia
‘nhin dén dia k& tiép’.) Do @6, ching han chi myc cho dia 2 cho
théy rang trang dau tién cla ndé chda cdc miu tin bao gom cac
khoa ndm & gita E va 1, va trang thi hai cia né chita cac méu tin
bao gom cdc mAu tin gom céc khéa ntim giita I va N. Cé th€ nhigu
khéa va cac chi myc trang trén mdt trang chi muc hon cdc mau
tin trén mot trang “d ligu”; that ra, chi muc cho toan bd dia chi
nén dbi hoi mot vai trang.

D& giai quyst t5t hon van dé tim kigm, nhing chi muc nay 6
1& phai di dai véi mét “chi muc chinh” (masber index) d& cho biét
khéa nam @ trén dia nho. V8i vi dy cha ching ta, chi muc chinh noi
ring dia 1 chita cic khéa nhd han hay bang E, dia 2 chifa cdc khéa
nhé hon hay biing N (nhung khéng nhé hon E), va dia 3 chia céc
khéa nhé hon hay bang X (nhung khdng nhd hon N). Chi muyc
chinh thi thuﬁ!ng di nhé sao cho o6 thé ltu né trong bd nhd, sao
cho hau hét cic méiu tin o6 thé duge tim thay bang cach truy xuit
chi hai trang, trong d6 mét trang 1 chi myc trén dia thich hgp, va
mdt trang chita mau tin thich hgp. Vi dy, khi tim khéa W thi trudc
tién 1a doc chi myc trang tit dia 3, k& d&n la doc trang trang da
lidu thi hai tit dia 3 va chinh la dia duy nh&t ma c6 thé chia W.
Viéc tim kigm cic khéa xuit hién trong chi muc doi hoéi doc ba
trang: trang chi myc chng voi hai trang k& bén gia tri khéa trong
chi myc. N&u khdng b cac khéa trung trong mdt tap tin thi cs thé
trdnh sy truy xuit trang phu trg. Néi cach khdc, ndu c6 nhigu
khéa bang nhau trong mot tap tin thi sé ¢6 kha nang xay ra nhigu
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Hinh 18.2 Truy xudt tutin ti ¢6 chi muc

[an truy xuft trang (cdc médu tin ma c6 cdc khéa biing nhau cé kha
nang trai ra nhidu trang).

Bdi vi c6 sy phdi hgp sy t8 chic khéa tuan ty véi cac truy xuat
c6 chi myc, phuong phap nay duge goi la truy xuit tuan ty c6 chi
muyc. Dy 1a phuong phép duge chon cho céc ing dung ma trong
d6 sy thay ddi thong tin trong oo s di ligu c6 kaa nang xay ra
thutng xuyén. Bat lgi cia viéc dung phuong phéap nay la né khong
linh dong. Vi du khi them B vao ciu hinh nhu trén thi toan bp co
sd da lidu phai duge xay dyng lai, @& c6 cic vi tri méi cho nhieu
khéa va cac gia tri méi cho cdc cac chi muyc.

TINH CHAT 18.1 Mpt thao téc tim kiém trén mot tap tin tutn
ti 6 chi muc doi héi s& lan truy xudt dia la mdt hiing s6, nhung
mot thao tac chen cé thé bao gom viéce b6 tri lai toan b tap tin.

Nhu thuong 1¢, “héing s8” duge dé cap & day phy thudc vao s -
dia, kich thuéc tuong d6i cia cdc miu tin, cic chi muc va céc
trang. Vi dy, mdt tap tin 16n bao gdom cic khéa mot tit chéc chén
khong thé duge luu trd chi trong mpt dia biing phuong phap nhu
the d€ thita nhan s6 [an truy xuat dia la mot hiing s5. Hay la c6 thé
lay mot vi du rélt budn cudi, & mdt thai cyc khac, mot so lugng 16n
dia rit nho, mdi dia c6 thé luu trit chi mdot mAu tin rat kho truy
Xuit né.

CAC B-CAY

Mot phuong phép t6t hon dé thyc hién viec tim kiém trong
hoan canh dong la dung céc ciy can bang. D& gidi han s& lan truy
xudt dia, nguvi ta c6 thé cho phép mbi niit trén ciy c6 chia mot s5
lugng 16n khéa sao cho méi nit c6 he s& nhanh 16n. Cac cay nhu
thé dugc dat ten la B-cay, B-cy dugc kham pha bdi R.Bayer va
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McCreight, ho la nhitng ngudi ma trudc dé6 da dung cac cay can
bang da hudng trong viéc tim ki€m ngoai. (Nhiéu nguti danh riéng
tit B-cAy d€ md ta cdu trdic di lidu chinh x4c duge xay dyng bdi
thuat toan dugc dé nghj bdi R.Bayer va McCreight; tuy nhién
ching ta sé ding tir B-cAy nhu mot ddi tugng tdng quat véi y
nghia “cdc ciy caAn bang ngoai”.)

Thuat todn tit trén xuong ma ching ta da dung cho céac cay
2-3-4 (xem cerdng 15) c6 thé mé rong cho truong hgp cé nhitu
khéa mdi nit: gia su rang c6 tit 1 d&n M-1 khéa mdi nit (va nhu
vay sé cb tir 2 dén M lien k&t mdi nit). Qui trinh tim kiém thi
tuong ty nhu déi véi cac cay 2-3-4: d€ di chuyén tir modt nit téi nit
ké ti€p, trudc tién tim doan riéng cho khéa tim kim trong nit
hién hanh va k& dén chuyén téi lien két tuong ing dé dat duge nit
k& ti€p. Ti€p tuc qua trinh nay dén khi cham t6i mot miit ngoai, k&
d6 chen khéa méi vao nit trong cudi cung vita duge cham. Cing
nhu véi cac cay 2-3-4 tir trén xudng, can phai “tdch” cAc niit ma bj
“day” trén con dudng duyst cay huéng xudng duéi: bit k¥ lic nao
gap mot k-nit ti€p xdc.véi mot M-niit, ching ta sé thay né bang
mot (k+1)-nit ti€p xic vdi hai (M/2)-niit (d€ cho dé tich ching ta
gia sit M chdn). Qua trinh trén bao dam riing khi cham téi day thi
sé c6 chd dé chen thém nit mdi vao.

Hinh 18.3 minh hoa mot B-cay dugc xay dung tir tap cac khéa
méu clia chiing ta khi M=4. Cay nay c6 13 nit, mdi nit tuong ung
v6i mot trang dia. Moi nit phéi chia cac lign két ciing nhu céac
miu tin. Mac du khi chon M=4 thi ta ¢6 trudng hgp cay 2-3-4
quen thudc, nhung dieu nay cing nhdn manh ring: ching ta
khong thé b& tri bdn méu tin cho mdi trang ma chi bb tri ba méu
tin d& danh ché cho cac lién két. Trit lugng khéng gian luu tri
thu'dng dung phu thudc vao kich thude tuong déi clia cdc méu tin
va céc lién két. Duéi day chung ta sé xem mot phuong phap c6 thé
tranh sy xdo trn niy gilta cAc méiu tin va cAc lién két.

Hinh 18.3 Mét B-ciy
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Cing nhu ching ta da luu chi muc chinh trong bd nhd d6i véi
tim ki€m tuan ty c6 chi mue, bay gid ching ta hoan toan c6 ly khi
luu nit gbc cua B-cAy trong bd nhd chinh. D&i véi B-cay trong
hinh 18.3, diéu nay khang dinh ring gbc clia cAy con chia cdc miu
tin c6 khéa nhé han hay bang E trong trang 0 cta dia 1, gbc cua
cily con véi cic khéa nho hon hay b?ang N (nhung khong nho hon
E) trong trang 1 cta dia 1, va gbc cua cy con c6 cac khéa 1én hon
hay bing N trong trang 2 cta dia 1. Cac nit khac trong vi du cua
chiing ta c6 thé dugc Iuu trit nhu trong hinh 18.4.

Céac nit dude gan t6i cdc trang cua dia trong vi du nay bdi x&
ly don gian la duyét xudng duéi cay, lam viéc tir phai tdi trai ¢ mbi
tang, gan cic nit tdi dia 1, k& dén la dia 2, ... Chiing ta tranh luu
tri cac lien két NULL bang cach theo doi khi nao thi cham t6i
tang day: trong trudng hop nay, tit ca cac nit trén cac dia 2, 3, va
4 déu chia céc lién k&t NULL (ma khong can luu tri). Trong mot
ing dung cu thé c6 thé giai quydt vin dé nay khac hon. Vi dy, mot
cach tot hon @& tranh tim kiém xuyén qua dia 1 bing cach trude
tién gin trang 0 téi tit ca cac dia. That ra, nhidu chién luge tinh vi
hon duge can dén bdi vi tinh chat dong cia viée xay dung ciy (hay
xem sy khé khan cua viée cai dat mot thi tuc split ma dap ung
mot trong cac chién luge trén).

TINH CHAT 18.2 Mot thao tac tim kiém hay chen vao mot
B- -cly cip M c6 N mau tin doi héi it han Iog !‘JN lan truy xudt dia,
xét vé phuong dién thuc hanh thi s& nay nhé hon mdt hing sé
(mién la M khong nho).

Tinh chit nay duge suy ra tif quan sit ring tit ca céc mit

“trong” ctia B-ciy (cdc nmit khong phai gdc va cing khong phai 14)
c6 chia tir M/2 t6i M khéa, bdi vi ching dugc tao tif viee tach mot
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Hinh 18.4 Truy xudt mét B-cay
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nit day o6 M khéa, va chi c6 thé tang kich thude (khi mdt ndt
thdp hon dugc tach). Trong trubing hop xfu nhéit, cdc mit nay tao
nén mit ciy day da cdp M/2, va trudng hgp nay thi s6 [an truy
xufit dia x8p x{ véi logyyuN.

TINH CHAT 18.3 Mot B-city cép M dutoe xty dung tir N méu
tin ngéu nhién cé 1é c6 khoang 1.44N/M niit.

Vige chiing minh tinh chit nay vugt ngoai pham vi clia quyén
sach nay, nhung chi 7 réng kich thudc khong gian htu tr@ bj phi
di la khoang N, trong trung hop x8u nhat khi tit ca cac nit day
khoang mét nua.

Trong vi dy trén chung ta bj bit bude chon M=4 bdi vi can gitt
chd cho céc lign két cla cic nit. Nhung ching ta két luan khéng
ding cic lién k&t trong hau hét cac ndt, bdi vi hau hét cdc mit
trong trong B-cay 1A cdc nit ngoai va Kau hét chc lien ket deu 1a
NULL. Hon ntta ridi gia trj M 1dn hon nhidu ¢6 the duge ding g
tang cao hon cla cay ndu ching ta chi luu cic khéa (chia khong
phai cdc mAu tin day dd) trong céc nit trong gidng nhu trong truy
xuit tudn ty o6 chi mye. Trong vi dy cla chiing ta, d€ théy lgi ich
cia nhan xét nay, gia si ring c6 the trang bj bay khéa va tdm lien
k&t trén mot trang, khi 6 ta c6 thé ding M=8 cho cic mit tmng
va M=5 cho cac nit & tang day (khéng phai M=4 bdi vi khﬁng ch
chd cho cac cic lign két ¢an duge gianh riéng & day) Mot ndt & day
duge tach khi mdt mau tin thiat nam duge thém vio né (tich thanh
mot mit hai miu tin v mdt mit ba méu tin); qua trinh tach kst
thic khi “chén” khéa cia mau tin gita vao trong nit néi trén, d dé
06 ché béi vi cay da hoat dong nhu mdt B-cay chudn véi M=8 (s8
khéa duge luu tr, khang phai s§ mau tin). Qua trinh nay dua dén
ciy nhu trong hinh 18.5.

Hinh 18.5 M§ ¢ B-cdy chi ¢6 cdemé u tin & cécni t ngoa t
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Hinh 18.6 Truy xudt mét B-cay chi ¢é cde méu tin & cde nit ngodi

Cing véi dang t8 chic ciu tric nay, “bd phan chi muce” (chia
cac khéa va cac lien két) c6 thé tach biet khoi cdc méu tin nhu
trong tim ki€m tuan ty c6 chi myc. Hinh 18.6 cho thay lam thé&
nao dé luu trd cAy trong hinh 18.5: mit gc duge luu trén trang 0
cua dia 1 (c6 chd cho né bdi vi cay trong hinh 18.5 c6 it hon cay
trong hinh 18.3 mot nit), tuy nhién trong hau hét cac wng dung
né c6 kha nang duge luu trong bd nhé chinh.

Bay git ching ta c6 hai gia tri cia M, mét cho cic niit trong
ma xac dinh hé s8 nhanh cta cay (M ) va mot cho cc nit 6 tang
day ma xac d;nh su phan phoi cac mau tin téi cac trang (Mp). bé
t5i thi€u héa s& [an truy xudt dia, ching ta mudn cho ca M; lan Mg
cang 16n cang tot. Mat khac, ching ta khong muén lam M; qua
16n, bdi vi khi d6 hau hét cic niit cia ciy sé trong nhiéu va ché luu
trd sé phi, ching ta ciing khong muén My qua 16n, béi vi diéu nay
sé han ché qua trinh tim ki€m tuan ty cia cdc nit 6 tang day.
Thong thudng thi t6t nhat 1a lien hé ca M; lan My téi kich thude
trang. Sy lya chon hién nhién cho Mg 1a s méu tin ma c6 thé lap
day mot trang (cong mot them): muc dich cua sy tim ki€m la tim
thay trang chita méau tin muén tim. Néu My duge chon 1a s8 khéa
ma c6 thé lap day hai hay bén trang, khi d6 B-cAy gan nhu chi sau
ba tang, ngay ca ddi véi cac tap tin rdt l6n (mdt cay ba tang véi
M;=2048 c6 thé chia 10243 hay trén mdt ty dau vao). Nhung nén
nhd rang nut géc cha ciy duge truy xudt thudng xuyén va né duge
luu trong bd nhd, vi vay chi c¢an hai [an truy xuit dia la c6 thé tim
thay bat ky phan ti ndo trong tap tin.

Nhu da luu y trong phan cudi cia chuong 15, mot phuong

phap chen “tit dudi len trén” phuc tap hon thuong duge diung cho
cac B-cAy (mac du sy khac bigt gita cic phudng phap tiu trén
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xudng la khong quan trong lm d6i véi cay ba tang) Ve mat ky
thuat, cdc cAy duge md ta & day nén duge xem nhu cic B-cay “tu
trén xudng” d& phan bigt ching véi cic cay thudng duge thao luan.
Nhieu sy bi€n dang khac cing da duge md ta, mot s dang rit
quan trong d8i véi tim ki€m ngoai. Vi du, khi mot nit gan day,
viec tdch (thanh cdc mit mdt ndia tréng) o6 thé duge lam trude
bang cich chuyén mot phan ndi dung cia nit vao mit “anh em”
clia né (n&u nit nay khong qua day). Thao tac nay din d&n sy tan
dung khong gian luu trd bén trong nit t5t hon, va d6 chinh 1a moi
quan thm chinh trong cic @ng dung tim ki&m trén mot dia trd
lugng 16n.

BAM MO RONG

Mot mé rong ciia céc thuit toan tim kifm s8 hoc 6 thé thay the
cho cic B-chy khi dng dung vao cc phuong phap tim ki€m ngoa
da dugc phat trién trong nam 1978 bdi R.Fagin, J.Nievergelt,
N .Pippenger, va R.Strong. Phuong phap ny duge goi 13 Bam mé
rong, n6 doi hoi hai [an' truy xuit dia cho méi thao tic tim kidm
trong cdc wing dung thong thuong. Nhu d8i vdi cic B-cay, cdc méu
tin cua ching ta duge luu trif trong cic trang ma duge tach thanh
hai phan khi ching day; ciing gifng nhu vdi phusng phap truy
¥ufit tudn ty o6 chi muc, ching ta duy tri mot chi muc d& ¢6 thé
truy xufit t3i cdc trang chia cic mfu tin can tim kidm. Phuong
phép bam md rong t8 hgp cac phuong phép niy bling cich ding
céc tinh chat s§ cia cic khéa tim kigm.

DE hiéu phuong phap bam md rdng Iam viee nhu the nao,
ching ta khao st qua trinh chen lién ti€p cic khéa EX TE R N
ALSEARCHINGEXAMPLE,védﬁngcéctrangcékhé
ning chida bdn méu tin. Ching ta khai dau véi mdt “chi muc” chi
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Hinh 18.7 Phuong phip Bam md rong: trang déu tién
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Hinh 18.8 Phuong phdp Bam md réng: tach thu muc

c6 mot dau vao, tic 1a mdt con trd téi trang ma sé luu gitt cic miu
tin. B6n méu tin dau tién lip day trén mot trang, duy tri ciu trdc
thong thudng nhu trong hinh 18.7.

Thu muc trén dia 1 cho thdy ring tit ci cic méu tin déu §
trén trang 0 cua dia 2, & d6 ching duge Ivu tri theo thi ty khéa
tang. D& tham khéo, chiing ta cling cho cic gia trj nhj phan cia
khéa, dung sy ma héa chuin cla ching ta, nghia la biéu dién nhj
phan nam bit cta i cho ky ty thi i trong bang ch@ cii. Bay giv thi
trang bj day va phai dugc tich theo thi ty dé thém vio khéa
R=10010. Chién lugc thi rdt don gian: hay dat cac méu tin véi cac
khéa bat dau v6i 0 vao mdt trang va cac khéa bat dau véi 1 vao
trang con lai. Thao tic niy bit budc phai nhan déi kich thuéc cla
thu muyc va di chuyén mot nita cic khéa tir trang 0 cia dia 2 vao
mot trang mdi, bay gid ciu tric luwu tri gidng nhu hinh 18.8.

Bay gis N=01110 va A=00001 c6 thé dugc them vao, nhung
ditu nay mot lan nita lam day trang dau tién nhu trong hinh 18.9.
Ching ta lai cAn mt thao-tac tach trude khi chen L=01100 vao.
D& chen L vao, chiing ta ding cing mét phuong phap nhu fan tich
dau tién, tach trang dau tién thanh hai phan, mot phan cho cic
khéa bat dau v6i 00 va mdt phan cho cac khéa bat dau véi 01. Dsi
v6i cac thu muc thi khong ro phai lam thao tac gi. Mot sy thay the
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Hinh 18.9 Phuong phdap Bim me réng: trang dau tién day mét lan nia
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o6 th€ duge la cho thém mot dau vao khdc, mot con trd toi mbi
trang. Nhung diéu nay lai khong hip din bdi vi n6 dua t6i trudng
tim kiém tuAn ty o6 chi myc: thy myc phai duge quét mot eich
tuan ty d€ tim thdy trang ridng trong sudt qua trinh tim kidm.
Mpt cach thay thé& khac 14 chiing ta o6 th€ gip ddi kich thude thu
muc mdt [an nia d€ c6 cfiu tric nhyu trong hinh 19.10. Mat trang
mdéi (trang 2 trén dia 2) chifa cdc khéa ma bét dau véi 01 (L va N),
bay gits trang dugc tach (trang 0 trén da 2) chia cic khéa bat dau
vai 00 (A, E, va E), va trang chia cic khéa bat dau véi 1 (R, T, va
X) thi khéng b &nh hudng, mic di bay gid o6 hai con trd tdi no,
mbt con trd cho cic khéa bat dau véi 10, vh mdt con trd cho cac
khéa bat dau véi 11. Bay gits ching ta c6 thé truy xuit bat ky méu
tin nao nhd vao hai bit dau tién cta khéa d2 truy xudt trye ti€p tai
thu myc chiia dja chi cia trang chia mau tin.

Vigc duy tri cic méu tin theo thit ty trong cic trang thi dubng
nhu 12 mot bét bupe qua ngit, nhung hay nhé lai ring gia thist cg
sG cua chiing ta Ia khao sit nhap/xuat (1/0) dia vdi cic don v trang
va thii gian xd 1y d6 thi khong ding k& so véi thisi gian thui gian
nhap hay xuit mdt trang. Do d6 viec duy tri cdc mAu tin theo thd
khéa ciia ching thi khong 12 mdt phi t6n that sy: d& them mot
miu tin vao mdt trang, ching ta phai dge trang vao bd nhd, sia
ddi nd, va ghi tré lai. Thai gian can thigt dé duy tri thit ty sip x8p
thi khong déng chd ¥ trong truing hop théng thuong khi cac
trang khong 16n lAm.
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Hinh 18.10 Phuvng phip Bém mo rong: lin téch thit hai
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Hinh 18.11 Phuong phdp Bim mé réng: lan tach thit ba

Tiép tuc xa hon mdt ty nda, ching ta c6 thé them S=10011 va
E=00101 trudc khi phai tach mét fan nda dé them A=00001 vao.
Thao tac tach nay cing doi hoi nhan déi thu muc d& duge mdt ciu
tric nhu trong hinh 18.11. Xt ly nhan déi thi don gian: chi can
doc thu muc cd, k& dén tao ra mot thu myc méi bang cach ghi ra
hai [an cho mdi dau vao cla thu muyc ci. Qua trinh nay tao ra
khoang trong @€ luu céc con trd cho cdc trang méi vita duge tao
bai thao tac tach.

Néi chung, ciu tric dugc xay dyng bdi phuong phap bam md
rong bao gom mot thu muc chita 29 tir (mdt tit tuong dng véi
mau d-bit) va mdt tap hgp cic trang 14 ma chia tit ca cac miu
tin véi cic khéa bat dau v6i mot day bit cy thé (nhd hon hay bang
d bit). Mot thao tac tim kiém dua dén viée dung d bit din dau cua
khéa vao chi myc cia thu muc ma chda cic con trd téi cac trang
la. K& dén trang dudc truy xuit va tim kigm (dung bat ky mot
chién luge nao) cho miu tin. Mot trang 14 6 thé duge trd tdi béi
nhiéu hon mot dau vio cla thu myc: chinh xdc hon, néu trang 14
chia tit ca cdc mAu tin véi khéa bat dau bing k bit cho truée thi

a -

sé c6 24k dau vao trong thu muc trd t6i né. Trong hinh 18.11
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Hinh 18.12 Phuong phdp Bam mé réng: lan tach thit t

chiing ta ¢6 d=3, va trang 1 cia dia 2 chia tit cA cic miu tin cdi
céc khéa bat dau véi bit 1, vi vay c6 bon dau vao ciia thy muc trd
tdi no. '

Cho t6i bay gig, d6i véi vi du cia chiing ta thi méi trang mot
thao tac tach thu muyc, nhung trudng hgp tdng quat thi cé thé
hiém hon. Day chinh la ban chit cla thuat toan nay: cic con trd
trg giip trong thu muyc cho phép cac ciu tric thao tac dong mot
cach tuyét digu. Vi du khi chen R vio cilu tric trong hinh 18.11,
trang 1 cta dia 2 phai bj tach dé dap ung véi nam khéa bat dau véi
1, nhung thu muc khong can phét trién, xem hinh 8.12. Thay d8i
duy nhét d6i véi thu muyc la hai con trd cudi cung duge thay ddi dé
tro t6i trang 1 trén dia, trang méi duge tao dé chia tit ca cic khoéa
trong ciu tric d lidu ma bat dau véi 11 (khéa X).

Thu myc chi chia hai con tré tdi céc trang, kich thudc luu tra
nho hon so véi cic khéa hay cic mau tin, vi vay s8 dau vao cia thu
myc lip day mot trang sé nhiéu hon. Trong vi du cia chiing ta,
ching ta sé gia sit rang s8 dau vao ciia thu muc chia trong mot
trang thi gip dbi s3 méu tin trong mdt trang, mic du trong thyc
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Hinh 18.13 Truy xudt cua cdu triic Bam ma réng

té thi ti s8 nay 16n hon nhiéu. Khi thu muc trai nhidu hon mot
trang, ching ta dung cuing mot so do chi muc d€ lvu mdt “nit
goc” trong bd nhé nhim cho biét vi tri cic trang cia thu muc, vi
dy néu thu myc trai ra trong hai trang thi mit gc cho biét thu
muc cua cdc miu tin ma khéa bt dau véi O thi trong trang 0 cia
dia 1, thu myc cho clia cic méu tin bit dau véi 1 thi trong trang 1
cua dla 1. Véi vi dy cuia ching ta thi sé c6 thao tdc tach sau khi
chen vao céc khéa C, H, I, N, G, va E, tiép tuc chen X, A, M, P, va
L ta ¢6 duge ciu tric dla giong nhu trong hinh 18. 13 (Chung ta
danh riéng dia 1 cho thu muyc, mac da trong thyc t& né c6 thé

cung dia véi cic trang khac, trang 0 cua dia c6 thé duge danh
riéng, hoac la ding mét chién luge khac.)
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Do d6 vige chen vao mdt ciiu tric bAm md rong o6 thé bao gom
mdt trong ba thao tic, sau khi truy xudt trang 14 ma c6 thé chda
khéa tim kigm. N&u c6 chd trong trang ld, chi ¢an chén miu tin
mdi vao dé; truong hop nguge lai thi trang la duge tich lam hai
phan (mdt nia trong s8 cic mAu tin duge chuyén vao trang mdéi),
Néu thy muc ¢6 nhidu hon mdt dau vao trd téi trang la d6 thi cac
dau vao trong thu muyc cd thé duge tach gidng nhu tach trang. Néu
khong, kich thude cha thu myc phai duge nhan dai.

Thut todn niy rat nhay cam vdi sy phan b8 cic khéa nhap
xAU: gia tri d la s6 bit Ién nhat can dé tich bigt cic cac khoa thanh
cic tap hgp da nhd 48 wia véi cac trang 14, va do dé néu c6 mot s§
lugng 16n khéa méa trung nhau trén mat s6 higng Idn bit din dau
thi thu muc 16n 1én d&n néi khong thé chap nhan duge. Vdi cac
ung dung qui md ldn, vin dé nay. c6 thé gidi quyét bling cach bam
cac khéa dé cho céc bit din dau nghu nhién. D€ tim kiém mot mau
tin, chung ta bam khéa cia né dé c6 duge mdt diy bit ma sé duge
dung dé truy xudt thu muc; thy muyc s& cho ching ta bigt trang
nao ding d& tim kifm cho mdt miu tin ¢é cing khéa. Tir quan
diém bam, ching ta c6 thé nghi 1a vige tach cdc ndt nham 48 giai
quyBt sy xung dot cic gid tri bam: do d6 phudng phsp nay cb tén la
“bam md ring”. Phudng phap nay de ngh1 mét sy thay the ridt hap
dan cho B-cay va truy xuit tuan ty cé chi muc bdi vi ludn luén
truy xudt dia dung hai [4n cho méi [an tim kigm (giéng nhu truy
xuflt tuan ty co chi myc) trong khi vAn duy tri duge kha nang chen
higdu qua {gidng nhu B-cay) ma khang phi nhi2u chd luu tr,

‘TINH CHAT 18.4 Vdi céc trang ma c6 thd luu tre M méu tin,
phuong phip bam md rong doi hoi khoang 1.44(NI/M) trang cho
mot tdp tin vdi N mau tin, Tihue muc cé 1é yéu cou

NI+ g1
M

dtw: vaw,

Sy phén tich cho tinh chit nay 1a mé rong phic tap cia sy
phan tich vé trie trong chuong trudc. Khi M ldn thi sé phi nhieu
chd lun trit gitng nhu cac B-cay, nhung véi M nhé thi thu nyc sé
trd nén rét lon.
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Ngay ca véi phuong phéap bam, cic budce trg giip phai them vao
néu c6 mot 88 lugng 16n khoéa triung nhau. Ching né cé thé lam thu
muyc 16n 1&n mdt cach thdng minh; va thuit todn tich hoat ddng
néu chc khéa biing nhau khdng thé chia dd vio mdt trang. (Didu
nay cing da xuat hign trong trong vi du cia ching ta, bdi vi ching
ta o6 nam khéa E trong vi dy.) Néu c6 nhiéu khéa bing nhau thi
ching ta c6 thé gia si cic khéa phan bigt trong cfiu tric d ligu va
dat them vio cic con tro tdi cic danh sach lidn két clia cic mau tin
o6 khéa bang nhau trong céic trang la. D& thay ro hon, ban hay
xem didu gi xay ra ndu chén E vio cilu trdc trong hinh 18.13.

Mot tinh hudng nita o6 thé xay ra la khi chén vao mét khéa
mdi thi s& lam cho thu myc bj tAch nhigu hon mot fan. Didu nay
xay ra khi khong @ bit @€ phan bigt cic khéa trong mét trang
day. Vi du nhu n&u chin hai khéa véi gia tri D=00100 vio cfiu tric
bam md rong trong hinh 18.12 thi s& xay ra hai [an tach thu muyc
bdi vi can nam bit 48 phan bidt D va E (bit thit tu thi khoéng gitip
dd duge gi). Day la mdt van de don gian chi lien quan dén vigc cai
dit nhung phai khéng duge phép quén né.

BO NHO AO

Phuang phap “dé dang” da dugc thao luan ¢ cudi chudng 13 cho
vigc sAp x&p ngoai o thé duqc ap dung tryc tigp va dé dang tdi van
de tim kigm. Mot bé nhé ao thi khong o6 gi khac hon la mdt
phuong phdp tim kiém ngoal ndi chung: cho mdt dia chi, hay tra
ve thong tin két hgp vdi dia chi d6. Tuy nhién vide ding trye tiép
cia bd nhad ao thi khéng duge gidi thidu nhy mdt &p dung tim kigm
dé. Nhu da chd y trong chudng 13, cic bd nhd ao thuc hién tat
nhit khi hau hét cac truy xudt deu tusng ddi gan vii cdc truy xust
trudc d6. Céc thuit toan sip x€p o6 thé duge sia lai cho thich hop,
nhung tinh chét ty nhién cia cic phuong phdp tim kigm thi pha
hgp hon 461 véi cic cd 53 dii ligu,
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BAI TAP

4.

9.

’

. Hay cho biét npi dung ctia B-cy o6 dugc khi chén cdc khéa E A

SYQUES TIO N theo thi ty d6 vao mot cay khi dong
trong véi M=5.

. Hay cho bist ndi dung cia B-cay ¢ duge khi chen cic khéa E A

SYQUESTION theo thi ty dé vao mot ciy khai dong
trong v6i M=6. Dung phuong phép ma tit cA cAc mau tin deu
duge Iuu trong cdc mit ngoai.

- Vé mft B-cily c6 duge khi chén mudi squ khéa tring nhau duge

chen vao mot cdy khéi tao tréng voi M=5.

Gia si rang mdt trang caa o0 s dif ligu bj pha hiy. Hay md t3
cach gidi quyét cia ban d&i vdi sy cf nay cho mdi ciu tric
B-cay trong chuong nay.

. Hay cho bi&t ndi dung cua bang bam mé rdng cé duge khi chen

cickhéa EASYQUES T IO N theo thy ty dé vao mét bang
duge khi tao trong, bén médu tin mdi trang. (Theo vi du trong
chudng, khong bam nhung ding bi€u dién nhj phan 5 bit cia i
cho ky ty thit i)

. Hiy dua ra mdt day khéa phan bigt ma tao nén mdt thu muc

baim md rong o6 duge tit mdt bang khdi tao tréng tai kich thude
16, méi trang ciia bang chda duge ba méu tin.

- Phac hoa phuong phép x6a mét phan b ti mot bang bam mé

ring.

- Tai sao cac B-cAy “tif trén xuBng” t5t hon cac B-cay “tir dusi

len™ d3i véi vige truy xusit dong hanh tai dit lisu? (vi duy, gia s\t
hai chuong trinh chen cling mdt nit mdi vao cung mdt thaj
diém.)

Cai dat cdc thd tuc search (tim ki#m) va insert (chen) dé tim
ki€m ndi bang cich ding phucng phap bam md rong.

10. So sinh chuong trinh cla bai tap trude véi phuong phap tim

ki€m bam kép va trie cd 5§ d6i vdi cdc ing dyng tim kigm ndi.
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Dt ligu duge xi 1y thudng khdng phan r4 mét cich logic thanh
cAc mAu tin doc lap vdi cic phin nhd o6 thé phan bitt duge vdi
nhau. Kiéu di ligu nay o6 thé duge dac trung duy nh&t nhu mot
chudi (string) : d6 1a mot day ky ty tuy&n tinh (co thé Ia rit dai).

R0 rang chudi la thanh phan trung tam trong cdc he xit 1y van
béan, la cdc he cung cip nhidu khi ning dé thao tic vin ban. Cic
he nhu vy xit 1y cic chudi véin ban, cdc chubi nay dude djinh nghia
mbt cich “long 1&0” nhy la cac diy chd, s§ va ky tu dac bidt.
Nhing d6i tugng nay o6 thé rdt ldn (vi du, cudn sich nay chda
trén mot triéu ky ty), v cic thuat todn hidu qua sé déng mot vai
tro quan trong trong viéc thao tic trén cdc chudi dé.

Mot kiéu chubi khac Ia chudi nhj phén, d6 1a mot ddy cic gia
trj 0 va 1. Trong mdt ngd cinh no dé, né don gidn chi 1a mot kidu
chudi van ban dc biét, tuy nhien vAn éan phan biét giia hai kidu
chudi nay vi o6 nhiang thuat tein khac nhau thich hop cho timg
ki€u chudi va ciing do cAc chubi nhj phan hay ndy sinh mét cach tu
nhién trong nhidu ung dyng. Vi dy, mdt vai h¢ do hoa may tinh
biéu dién anh nhu cac chudi nhj phan (Quy&n sach nay duge in
trén mdt h¢ nhu vay : trang hién tai da duge bidu dién nhu mot
chudi nhj phan gom hang trizgu bits).

Theo mdt nghia nio 46, cic chudi van ban 14 cic 45i tugng
hoan toan khdc biét véi cic chudi nhj phan, vi ching duge tao ra
boi cac ky ty tit mjt bang chi¥ edi 16n. Theo mot nghia khac, thi
hai kiéu chudi Ia tuong dwong, vi mdi ky ty vin ban c6 thé dude
bidu dién bdi tdm bits nhi phan, cbn mdt chudi nhj phan c6 thé
duge xem nhu mdt chudi van ban bing cich xem cAc nhém tam
bits nhi phan nhu la cdc ky ty. Ching ta sé thiy rhng kich thudc
cua bang chi cai tir d6 cac ky ty duge iy ra € tao nén mot chudi
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58 1a mt thanh 1§ quan trong trong vige thigt k& cic thuat todn xu
1y chudi,

Mot phép todn co ban trén chudi 1a d8i sanh miu (Pattern
Matching): Cho trudc modt chubi van ban o6 @0 dai N va mat miu
o 46 dai M, hiy tim sy xuit hign cla miu trong van ban (Ta sd
dung thuat ngd “vn ban” ngay ca khi néi téi mot day cac gia tri
0-1 hay mot kidu chudi dac bigt khic). Hau h&t cac thuat toan cho
bai toan nay c6é thé d2 dang md rong dé tim tit ci cac xu#t hign
clia méu trong van ban, vi ching sé quét qua toan bd van ban mot
céch tuan ty vh o6 thé duge bat dau trd lai & diém ngay sau diém
bat diu ctia mot [An xudt hign 48 tim ti€p [an xu#t hién k€ cla
méu.

Bai toan ddi sinh mAu c6 thé duge dac trung nhuy mot bai toan
tim kiém, trong 46 mau duge xem nhy khod, tuy nhidn cac thuat
todn tim kifm ma ta da nghign ciu khdng ap dyng duge mot cach
tryc ti€p vi miu o6 thé dai va do né trai (lines up) trén van ban
theo m{t cich khong biét trude duge. Day la mdt bai todn thi vi :
nhidu thuit todn rit khic nhau (va cling rit bat ngd) chi mdi duge
phat hién gan day khong nhiing di cung cip mot loat cic phudng
phdp thyc t&€ hdu ich ma cdn minh hoa cho mat vai ki thuat thist
k& thuat toén co sd.

MOT iT VE LICH sU

Céc thuat toin ta da xem xét ¢ mdt lich si thd vi: chiing ta s&
tém tit né & day d& tir d6 gitip ta 6 thé dat cac phuong phap khic
nhau nay vao ding bdi canh lich si cia ching.

C6 mot thut todn thd thién (“brute-force”) hién nhién d8 xu
ly chudi dang dugc st dung rong rai. Mac di thdi gian thye hien
toi nhit cia né ti 12 véi tich MN, nhung trong nhidu ung dung
thyc t& céc chudi phat sinh ra thubng c6 thdi gian x& 1y thyc sy
ludn ti 12 vdi téng M+N.

Hon the nita, né thich hgp véi ciu trdic cia hau hét cic he may
tinh, vi th&é mjt ban chuong trinh t&i wu s& cung cip mot “chudn
muc” khé bj danh bai bgi mot thuat toan thdng minh hon.
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Trong nam 1970, S.A. Cook da ching minh mdt két qua 1y
thuy&t v& mdt loai may triru tugng ma né suy ra sy tom tai ciia mdt
thuat todn d& gidi bai todn d8i sinh mAu, o6 thsi gian ti 12 véi
M+N trong trudng hop x3u nhat. D.E. Knuth & V.R. Pratt da
theo dudi mdt cach kidn tri ki€n tric ma Cook da dung 4€ ching
minh cho dinh ly cta dng Ay (dinh 1y d6 khong c6 dy dinh bién
thanh thye t&) va da nhan duge mdt thust todn ma né cb thé duge
tinh ch& thanh mdt thuat todn thyc tién tudng i don gidn. Cé vé
nhu day la mdt trudng hop hi€ém hoi khi ma mdt k&t qua ly thuyst
lai c6 kha nang dp dung duge ngay (vh khdong du kién trudc).
Nhung hod ra la J.H. Morris da thyc sy kham pha ra cing mot
thuit toan, duge xem nhu Ja Iti gidai cho mdt bai todn thye t8 réc
r6i ma dng gap phai khi chi dat mot trinh soan thao van ban. Tuy
nhién, sy kién phat sinh cing mét thuit todn tir hai cdch tidp can
khac nhau nhu vay da lam tang them sy tin tudng vao thuat toan,
vii tu cach 1a mét 15i gidi cd sd cho bai toan.

Knuth, Morris va Pratt 44 khong gidi thieu thuat todn coa ho
mai cho dén nam 1976, va trong thdi gian dé R.S.Boyer va
4.5 Moore (va doc lap mdt minh 1A W.Gosper) da kham pha ra mot
thut todn nhanh hon nhi¢u trong nhitu dng dyng, vi né thuong
chi .dém tra mot phan cac ky ty trong chudi van ban. Nhigu trinh
soan thao vin ban su dung thuat toan nay 48 dat duge sy it ngin
dang ké vé thoi gian tra i trong khi tim kigm chudi.

Ca thuit todn cia Knuth-Morris-Pratt 1an cia Boyer-Moore
deéu can d&n mot chit xi 1y phitc tap trén méu, khi€n cho thuat
todn tro nén khoé hitu va do d6 da han ch& pham vi s dyng cla
chiing (That vay, chuyén la c6 mdt lap trinh vien he théng nio d6
da thiy rang thuit toan cia Morris 1a qua khé hidu va d4 thay né
bang cai dit cta thuat toan brute-force).

Trong nam 1980, R.M.Karp va M.O.Rabin da quan sat thay
ring bai todn nay khéng khac lAm so véi bai toan tim ki€m chudn
nhu nguti ta da tudng, va da di dén mdt thuat toan don gidn gan
nhu thuat todn brute-force, o6 thdi gian thi hanh ludn ti 18 véi
M+N. Hon thé nia, thuat todn cia he mé rong dé dang cho cic
mAau va viin ban 2 chigu, do d6 khi&n cho né trd nén hitu ich hon so
vii cic thut toan con lai trong vige xt Iy anh.
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THUAT TOAN BRUTE-FORCE

Phuong phép d8i sanh méu hién nhién nay sinh ngay trong dau la
chi viec ki®m tra timg vj tri trong van ban & d6 miu o6 thé khép
dugc, cho d&n khi nao chiing khdp nhau thye sy. Chuong trinh sau
day sé di tim sy xudt hign dau tién cla mAu p[1.M] trong mot
chudi van ban af1..N].

tunction brutesearch : integer;
var i j:integer;
begin
v=nj=1I
repeat
if ofi] = p{j]
then begin i;=i+1; j:=j+1 end
else begin i:=i-j+2; j:=1 end;
until (j>M) or (i>N);
itj=M
then brutesearch = i-M
else brutesearch =i

end;

Chuong trinh luu gitt mét con trd (i) trong van ban va mot con
tro khac (j} trong méu. N&u ching trd t6i nhing ky ty khép nhau
thi ca hai con tré déu duge tang len. Néu gap cui mau (j>M) thi
b nghia la da tim thay mot sy tring khép. N&u i va j trd tdi nhing
ky tu khong khGp nhau, thi j duge dat lai d8 tro t6i noi bét dau cia
mbu va i duge dat lai tuong tng vdi vise di chuyén miu sang phai
mdt vi tri d€ thyc hign viéc so khdp lai. Khi da téi cusi van ban
(i>N) thi c6 nghia 13 khdng cdbn ¢6 sy tring khdp nao nita. Néu
mau khong xudt hién trong van ban, thi gia tri N+1 duge tra ve.

Trong mdt 4p dyng soan thao van ban, vong lap trong cia
chudng trinh nay hi€m khi duge 1ap lai va thai gian chay thi gan
nhu ti 1& véi s8 ky ty van ban da duge kiém tra, Vi dy, gia si ta
dang tim méu “STING” trong chudi van ban “A STRING
SEARCHING EXAMPLE CONSISTING OF ...”

Khi 46 lenh j:=j+1 chi dugc thye hién 4 lan (chi mét [an cho
mdi 8, 2 fan cho ST dau tien) trude khi gap mot sy trung khdp
thyc sy.
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100111 01001010001 01001 1100007111
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t@Droo111
10100 1@
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101001
[@Der10011 1
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Hinh 19.1 Phép tim chudi Brute-force trong vin bén nhi phén

Mat khac, viéc tim ki€ém brute-force cé thé la rit cham dsi véi
mot s6 méu nao d6, vi du néu van ban la nhj phan (2 ky ty), ma né
c6 thé xudt hién trong cic ving dung xi& 1y anh va lap trinh hé
thong. Hinh 19.1 cho thdy nhiing gi xay ra khi thut todn dugc
dung dé tim méu 10100111 trong mot chudi vin ban nhj phan dai.
Mbi dong (trit dong cusi la dong trung khép) khong cé hay c6
nhiéu ky ty khdp v6i miu, nhung lai theo sau bdi mot ky ty khéng
khdp. Nhing dong nay goi 1a “cac khéi dau sai”, xay ra khi thi tim
méu; mdt mye tidu hién nhién trong viec thiét k& thuat toan la thi
han ché s& [an va chiéu dai clia cac “khdi dau sai” nay.

Tinh chit 19.1 Phép tim chubi brute-force 6 thé can khoing
NM phép so sanh ky tir.

Trutng hgp x4u nhat 1a khi cA mAu l4n van ban, tat déu 1a cac
s6 0, dugc theo sau bdi mot s8 1. Khi d6 v6i mbi vi tri trong
N-M+1 vi tri c6 thé khdp, thi tat ca cic ky ty trong mAu deu phai
dugc kiém tra trén van ban, véi mét chi phi téng cong la
M(N-M+1). Thutng thi M rét nhé so véi N, nhu thé téng s§ phép
so sanh la khoang NM.

Céc chudi thoai hoa nhu vay khéng thich hgp trong van ban
tiéng Anh (hay Pascal), nhung ta c6 thé bit gap ching khi xi ly
cac van ban nhj phan, vi vy ching ta sé di tim céc thut toan tot
hon.
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THUAT TOAN KNUTH-MORRIS-PRATT

Y tuéng cd ban cia thuat toan da dugc khdm phd bdi Knuth,
Morris va Pratt la nhu thé nay : Khi phat hién ra oo sy khéng an
khdp, “khoi dau sai” cla ching ta gdm cic k§ ty ma ta bidt trude
{(vi ching ¢ trong miu). Ching ta sé tim cach nio 46 Igi dung
thong tin nay thay vi dy phong con tro i trén tit ca cac ky ty da
bigt dé.

Véi mdt vi du don gian cia y tudng nay, gia sd ky ty dau tien
trong mAu khong xuit hign lai trong mau (vi dy méu la
10000000). Khi d6, gia sit ching ta o6 mot khai dau sai dai j ky ty
& mot ché nao dé trong van ban. Khi phat hien 6 sy khong &n
khdp, ta bigt mdt sy kign la j ky ty da khép nhau, ma ta khong can
“dy phong” con tré van ban i, vi khong o6 ky tu nao trong s6 j-1
ky ty trong van ban c6 thé trung vdi ky ty dau tién trong mau. Sy
sia d6i nay c6 thd duge cai dat bang cach thay thé i:=ij+2 trong
chutgng trinh ¢ trén boi i:=i+1. Tac dong thyc t& cia sy thay doi
nay bi han ch& do mdt méu dic biet nhu the thuting khong hay xay
ra, nhung y tudng la sy suy nghi dang gid vé né va thuat ‘odn
Knuth-Morris-Pratt la mot sy téng quat hod cia suy nghi dé. ‘That
ding ngac nhién, la luon Judn c6 thé shp x&p sao cho con tro i
khéng bao gia bj giam di.

Viec nhay nguge lai ddu mau khi phit hign ra mét sy khong
trung khdp dd mo ta trong doan trudc sé khong chay duge khi
chinh ban than méu o6 thé khép nhau ¢ diém khong an khdp, Vi
du, khi tim 10100111 trong day 1010100111 dau tién ta phat hién
ra co sy khong &n khdp & ky ty thd nam, nhung t6t hon la ta nén
dy phong tdi ky ty thit ba dé tiép tuc viec tim ki€m, vi néu khong
thi ta c6 thé bd sét mot diay khop nhau. Nhung ta o thé giai quydt
trude thoi gian ding nhing gi phai lam, do né chi phy thude vho
méu, nhu minh hoa trong hinh 18.2.

Mang next[1..M] sé dugc ding d€ xic dinh phai dy phong mat
khoang bao nhiéu khi phat hién sy khong an khép. Tudng tuong la
ta dé trugt mdt ban sao ciia j-1 ky tu dau tién clia maiu trén chinh
ng, tif trai sang phai, bt dau tir ky ty dau tién cia ban sao trén ky
ty thi hai cia mAu va ngimg khi tat ci cdc ky ty goi khép nhau
(hay khong o6 ky ty nac khdp nhau ca). Nhitng ky ty géi nhau nay
xdc dinh vi tri k& ti€p o6 thé c6 sy tring khdp, néu phat hién ra cd
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Hinh 19.2 Cdc vj tri béit d lgi d5i voi cdch tim Knuth-Morris-Pratt

sy khéng khdp & p[jl. Khodng cach d4€ dy phong trong miu
{next{jl} chinh xac la 1 chng véi s& ky ty gbi nhau. Dac bidt, vdi
j>1, gia trj clia next[j] 1a s§ k 16n nhat < j ma k-1 ky ty dau tien
cia miu khdp véi k-1 ky ty cudi cing cia j-1 ky ty dau tien cla
méu. Nhv ching ta sé thay, tién hon 14 dinh nghia next[1] 1a 0.
Mang next nay cho ta ngay mdt cach d8 gigi han (thyc ra, nhu
chiing ta s thiy, 1a bo di) vigc “dy phdng” ca con trd van ban i,
nhu da ban 6 trén. Khi i v j trd t6i nhitng ky ty khéng khép nhau
(kiém tra xem o6 sy tring khdp miu bit dau & vj tri i5j+1 trong
chubi van ban hay khong), sau dé vi tri k& ti&p c6 kha nang tring
khép méu sé bit dau & vi tri i-next[jl+ 1. Nhung do dijnh nghia cla
bang next, next{j]-1 ky ty dau tién & vj tri 36 trung vdi next[j}-1 ky

funetion kmpsearch ; integer;
var i jinteger;
begini:=1; j:=1; initnext;
repeat
if (j=0) or (afi}=p[j})
then begin i;=i+1; j:=j+1 end
else begin Jr=next{jjend;
until (j>M) or (i>N);
ifj>M
then Ekmpsearch ;= i-M
else Empsearch :=i;
end;
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ty ddu cda méu, vi vy khdng can dy phong con trd i; o6 thé dé cho
con trd i khong thay doi va dat con trd j ti next[j], nhu trong
chuong trinh trén.

Khi j=1 va a[i] khong khdp véi méu, khong o6 sy g&i nhau,
nhy the ta mudn ting i va dat j cho trd tdi noi bit dau cta miu.
Digu nay dat duge bling cach dinh nghia next[1] la 0, d8 cho j duge
dat vé 0; sau d6 i dugc tang 1én va j duge dat vé 1 & [an kip k& (388
thyc hién duge meo nay, mang chda miu phai duge khai bdo bat
dau tir chi s6 0, vi néu khang, Pascal chufin sé phan nan vé 16i “Chi
s6 mang n3m ngoai pham vi” (“Subscript out of range”) khi j=0
miic di né khong thyc sy phai truy xuat p[0] 48 xac dinh chan tri
cla or). V& chiic niing, chuong trinh nay giSng nhu chudng trinh
brutesearch, nhung né ¢6 kha nang chay nhanh hon d8i vdi céc
mau o6 tinh ty lap lai cao.

Ta chi cdn phai tinh bang next. Chuong trinh clia phan nay
ngén nhung réc rdi: vé co ban, né gifng vdi chuong trinh & trén,
ngoai trit 12 né duge dung &€ so khép mbu vdi chinh né :

procedure initnext:

var ij:integer;

begin

=1; :=0; next{1:=0;

repeat
if (j=0)or (pfil=pli}
then begin i:=i+1; j:=j+1; nextfi}-=j end
else begin j:=nexifj/ end;

until 1> =M; :

end;

Chi sau khi i va j duge tang len, j-1 ky ty d4u clia mau da duge
xéc dinh la khdp véi céc ky ty ndm trong pham vi plij+1.i-1], j-1
ky ty cudi trong i-1 ky tif dau clia mAu, Va day Ia j I9n nhat co tink
chéit nay, vi n&u khong thi ta 6 thé bd sot mat mot “syf triing khap
06 thé” clia mau véi chinh né. Vi vay j ding a gia tri s& duge gan
vao next[i]. .

Mot cich thi vj d€ xem thuit toan nay la coi nhy miu khong
d8i, sao cho bing next 6 thé gép phan minh vao chuong trinh. Vi
dy, chuong trinh sau hoan toan tuong duong véi chuong trinh
trén, cho miu ma ta dang xét, nhung hiéu qua hon nhizu :
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i:=0;
O i=i+1;
I:ifafi] <> 'I’then goto 0; i:=i+1;
2: i afi] <> "0’ then goto I, i:=i+1;
3: if afi] <> "I’ then goto I; i:=i+1;
4:if afif <> '0° then goto Z; i:=i+1;
5: i afif <> '0"then goto & i:=i+1I;
-6:ifafi} <> 'I'then goto 1; i:=i+1I;
7:if aft] <> ‘1’ then goto 2; i:=i+1;
8: if afi] <> ‘1’ then goto 2; i:=i+1;
search ;= i-8;

Cac nhéan goto trong chueng trinh niy tudng Wng mdt cich
chinh xic vdi bang next. Thye vy, chudng trinh initnext 48 tinh
bang next & trén c6 thé dé ding sta lai d€ dua ra thanh chudng
trinh nay | D& tranh phai kim tra i>N mbi [an i tang 1én, ta gia
st chinh méu duge chida & cudi cda vin ban, nhu mdt ngudi linh
canh, trong mang a{N+1.N+M]. (Viéc t3i wu hod nay cing co thé
duge 4p dung cho ban chi dat chudn). Day la mot vi dy don gian
cia mdt “trinh bién dich tim-chudi” : cho trudc mot miu, ta 6 th
sinh ra mot chuong trinh réit hidu qua 48 dd miu d6 trong mot
chudi van ban dai tiy y. Chiing ta sé thay tinh khai quat hod cla
khai niém nay trong hai chuong k&,

Chuong trinh @ trén chi ding mjt vai phép todn riit co ban dé
giai quy@t bai todn tim ki€m chudi. Bieu nay 6 nghia 1a chuong
trinh o6 thé d& dang duge mo ta theo cc thuat ngd ciia mdt md
hinh méy rdt don gidn dugc gpi 1a mdt may trang-thai-hitu-han
(finite-state machine). Hinh 19.3 minh hoa may trang thai hiu
han cho chudng trinh & trén.

M4y gom céc trang thai (duge chi ra bdi cac s8 khoanh tron) va

Hinh 19.83 May trang thai hiu han cho thudt todn Knuth-Morris-Pratt
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cac chuy8n tigp (dugc chi ra bdi cac duting). Mbi trang thai cd hai
chuy&n tigp roi khoi né : mdt chuyén ti€p khdp (dutng to dac, di
sang phai) vA mdt chuyén tip khéng khdp (duting nét rii, di sang
trai). Cac trang thdi 1a noi may thyc thi iénh; cic chuyén tigp la
cac lenh goto. Khi trang thai dugc gin nhan o , may chi c6 thé
thyc hign mdt lenh, “néu ky ty hizn hanh Ja x thl quét gua nd va
I8y chuyén ti€p khép, néu khong thi lay chuyén tigp khong khdp".
"Quét qua” mot ky ty nghia la lay ky ty k& trong chudi lam "k ty
hién hanh®; miy quét qua cdc ky ty khi no khép véi ching, Cé hai
ngoai 1¢ d6i v8i quy luat nay : trang thai dau ludn 18y mot chuyén
ti€p khdp va quét tdi ky tu k& (chi y&u digu nay Ung vdi vidc do ra
[an xudt hidn dau tien cla ky ty dau tién trong méu) va trang thai
cudi ciing 1a mdt trang thdi "ding” chi ra riing da tim thiy o6 sy
trung khdp. Trong chudng k& ta s& thiy lam th& nao diing méot
may tuong ty nhu vy (nhung manh hon) 48 gitp phat trién mét
thuat toan 48i sinh miu manh hdn nhigu.

Cac doc gia nhanh tri c6 thé nhan thiy Ia vin con c6 chd a8
nang cAp thut todn nay, do thuat todn khéng chi ¥ vao ky tu da
gay nén sy khong an khdp. Vi dy, gid st van ban cla ching ta bat
dau bing 1011 va ta dang di tim méu 1& 10100111. Sau khi khdp
101, ta thdy c6 sy khong khdp & ky tu thi tu; ¢ diém nay bang
next bao di kiém tra ky ty thy hai cia méu dya trén ky ty tha tu
cta van ban, vi trén co 83 khép 101, ky ty dau cla miu c6 thé ing
(line up) v6i ky ty thi ba cia van ban (nhung ta khéng phai so
sanh nhing ky ty nay vi ta da biét ca hai déu la s6 1). Tuy nhién,
khong thé c6 mpt sy an khép & day: t& sy khong tring khcip,
biét rﬁng ky ty k& ti€p trong vAn ban I khic 0, nhu duge yeu cau
bdi mau. Cé mdt cich khac dé thdy didu ndy la nhin vao ban
chuong trinh vdi bang next “dudgc tham dy” (wired in) : & nhan s8
4, ta nhay tdi 2 néu ali] khde 0, nhung & nhan 2 ta nhay téi 1 néu

Hiuh 19.4
Mday trang thai hiw han Knuth-Morris-Pratt (da dge néng cip )
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ali] khac 0. Tai sao khong nhay tryc tiép téi 1 ? Hinh 19.4 cho
thady ban ning cip cia mdy trang thai hdu han d8i vdi vi du cla
chiing ta.

May m#n 1a ta dé dang dua sy thay d8i nay vao trong thuit
toan. Ta chi cAn thay lénh next[i):=} trong chuong trinh initnext
bdi

if pfj} <> pfi] then next{i .= j else next{i] := nexifj};

Vi ta dang tign hanh tir trai sang phai, gia trj can thiét cia
next da duge tinh trude roi, vi vay ta chi viec dung né ma thoi.

Tinh chit 19.2 Phép tim kiém chudi Knuth-Morris-Prat
khong bao gitt ding nhitu hon M+N phép so sanh ky tu.

Tinh chit nay duge minh hoa trong hinh 19.5, va tix chudng
trinh ta thay r6 mot dieu la : hojc 1a ta tang j hodc Ia ta dat lai né
tir bang next hau nhu chi mot [an cho méi i.

Hinh 19.5 cho thiy lA phudng phdp nay dic bigt dung it phép
so sAnh hdn nhidu so véi phuong phdp brute-force cho vi du nhj
phan cua ching ta. Tuy nhign thuat todn Knuth-Morris-Pratt
khong nhanh hon ding k& so vdi phuong phap brute-force trong
nhitdu ung dung thyc t&, do it o6 dng dung nao haim chia viéc tim
kigm cac méu c6 tinh ty lip lai cao trong mdt viin ban céing cb tinh
ty lap lai cao. Tuy nhién phucng phap nay c6 mot thuan lgi thuc t&
quan trong: né tign hanh tuin ty qua diy nhap vi khdng bao gid
dy phong trong diy nhap. Bieu nay khign cho né trd nén thuin
tién khi ding trén mot tap tin ldn duge doc tir mot thidt bi ngoai
vi nao dé (cac thuat toidn yéu cau dy phong s& phai can mot chiit
phép trit dém (buffering) phic tap trong trudng hgp nay).

16211 1010010900 ETDIBETEIORGT 1
roffJo ot 1
1Rlve o1 v
1@t oo 11
1o100 il
vevo o[
roe1vrosperer et effelfololinlnio e e 1 1 1

Hinh 19.5 Phép tim chubi Knuth-Morris-Pratt trong vin ban nhi phén
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N&u vige “dy phong” khdng khé khan, thi ta c6 thé phét trién mét
phuong phap tim chudi nhanh hon ding k& bing cach quét miu tir
phii sang trdi khi thi so khép né véi vén ban. Khi tim mau
10100111, néu ta thily o6 nhing sy triing khép trén céc ky t thi
8, thd 7 va thit 6 nhung khong khép & ky tu thi 5, thi ta ¢d thé
cho trugt ngay mau sang phai 7 vj tri, va kim ky tu tha 5 k& tigp,
vi vige so khdp titng phan da tim ra duge 111, ma né o6 thé xuit
hign & dau d6 trong miu. Di nhién, miu & cudi thuting xuft hign &
dau d6 trong miu, nhy thé ta cin c6 mdt bang next nhy trén,

- Mt bang next cho truting hp di tir phai sang trai d6i vdi méu
10110101 dugc minh hea trong hinh 19.6 : trong truting hgp nay
next[j] 14 s8 vj tri ky ty ma ta c6 thé djch miu sang phai, nu cho
truée Ia o6 mdt sy khéng tring khép trong lan quét tir
phai-sang-trai da xay ra trén ky ty thy j, tinh tt ben phai, & trong
miu. Digu niy duge thay nhu lic trude, bang cach cho trugt mot
ban sao clia mAu trén j-1 ky ty cudi ciia chinh 16 ti trd sang phai,
bat dau tit ky ty k& chét cia ban sao dng véi ky ty chét clia méu va
ngung khi tit ci cic ky ty gdi nhau trang khép ién nhau (cing
dua vao ky ty di gly ra sy khong an khdp). Vi dy, next[31=7 vi,
ndu o6 mdt sy trung khép cia hai ky ty cudi va sau d6 1a khéng
khép trong mdt [an quét it phii sang trai, thi 001 phai bj bt gap

7 nextfjf
toIIE1D
2 4 19110101
10110701
3 7 rat101491
4 2 19110191
10t101@rY
LLARE- RN X
§ 5 1911810
1611019
s s " :O:IUIQI
7 3 19112101
10tta1gy
8 5 1011010
1011019y

Hinh 19.6 Cac vi tre biit dau Igi cho phép tim Boyer-Moore
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trong van ban; diy nay khdng xuit hién trong miu, ngoai trit cé
kha niing s8 1 uing véi ky ty dau tién trong mAu, nhu thé ta c6 thé
trugt di bay vi tri sang bén phai.

Tit @6 dAn d&n mot chuong trinh hoan toan gidng vdi cai dat
cia phuong phap Knuth-Morris-Pratt & trén. Ta sé khong khai
thac chuong trinh nay chi tiét hon nia vi c6 mdt cich hoan toan
khic d€ nhay qua (skip) cic ky ty véi viee quét mau tir phai sang
trai t5t hon hin trong nhiéu trudng hop.

Y tudng la quyét djnh xem sé lam gi k& tiép trén cd s& cia ky
ty da giy ra sy khong trung khdép trong van ban ciing nhu trong
miu. Budc tién x{ ly la quyét dinh xem vdi mdi ky ty c6 thé xuit
hién trong van ban, ching ta sé lam gi néu ky ty d6 la ky tu gay ra
su khong an khép. Nhan thdc don gian nhit cta diéu nay din ngay
t6i mot chuong trinh that hiu ich.

Hinh 19.7 minh hoa phuong phap nay trén viin ban miu dau
tién cua ching ta. Tién hanh tir phai sang tréi dé so khép méu, dau
tién ta kiém tra G trong miu dya trén R (ky ty thd 5) trong van
ban. Khéng nhing céic ky ty nay khong khdp nhau, ma ta eon c6
thé chi y l1a R khong xuét hién & mot chd nio trong miu hét, nhu
thé ta c6 thé trugt né qua R. Phép so sanh k& tiép la cho ky ty G
trong mAu dya trén ky tu thd nam theo sau R (ch@ S trong
SEARCHING). Liic nay ta c6 thé trugt miu sang phai cho dén khi
S ctia né khdp véi S ctia miu trong van ban. Rbi dén G trong méau
duge so véi C trong SEARCHING, ma né khong xuit hién trong
méu, nhu th€ miu c6 thé duge ddy trugt di them 5 vi tri nda sang
phai. Sau 3 [an nhay 5-ky-ty nia thi ta gip T trong CONSISTING,
g vi tri d6 ta sp mAu sao cho T cla né khép véi T trong van ban

A STRING SEARCHING EXAMPLUE éousast-ne aF
s 71 MG]

371 n{G]
s T 1G]

$T
A STRING SEARCHING EXAMPLE cnn:;&@ oF

Hinh 19.7 Phép tim chubi Boyer-Moore sit dung heuristic ky tu bat sanh
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va tim dugc sy trimg khép hoan toan. Phuong phap nay dua ching
ta t6i ding vj tri khép nhau véi cal gis 1a chi can kim tra qua 7 ky
ty trong viin ban (va them 5 ky ty nia dé kim tra sy trung khdp).

Thuat todn “ky-ty-khoéng-khdp” (mismatched-character) nay
that dé cii dit. Don gian la nang cip phép quét mau brute-force tir
phii-sang-trdi d& khdi dong mdt mang skip ma né cho bist la ing
v6i mdi ky tu trong bang chi¥ cdi, ta phai nhay qua mot khoang bao
nhiéu néu ky tu d6 xuit hien trong van ban va gay ra sy khong an
khdp trong khi tim chudi. Phii 06 mot difm vao (entry) trong
mang skip cho méi ky ty o6 thé xAy ra trong van ban : d& don gian,
gia sit rang ta da o6 mot ham function index(c:char):integer; ma
né tra vé 0 ddi véi cdc khoang tréing va i di véi ky ty thit i cia
bang chit cai; ta cing gia sd ring ¢6 mdt thi tue procedure
initskip ma né khdi dong gid tri mang skip la M 451 véi cac ky tu
khong cb trong mlu va sau d6, vdi j chay tir 1 tdi M, dat
skiplindex(p{j])] 14 M-j. Cai dat thi don gian :

function mischarsearch : integer;
var i, jinteger;
in
i:=M; j:=M; initship;
repeat
if afi}=p{j]
then begin i:=i.]; j:=j-1 end
else
begin
ifM-j+1 skipfindextafi})}
then i:={+M-j+1
else i: =i +skip/index(ofi )]
J=M;
 end;
until <) or (i>N):
mischarsearch ;= i+1
end;

Lenh i:=i+M-j+1 dat lai i trd tdi vi tri ke tiép trong chudi vin
ban (vi mu djch chuyén tir tri sang phii ngang qua n6); con lenh
j:=M dat lai con tré mAu d& chudn bj cho mot phép so khép timg
k¥ ty tir phii sang trai. Lanh k& d6 djch chuyn mau qua van ban,
néu duge trao didu khién. Di véi méy STING, diém vao trong
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mang skip cho G sé 4.0, diém viio cho N & 1a 1, diém vao cho I sé
la 2, diém vao cho T 8 la 3, diém viao cho 8 s& 1A 4, va cac diém
vao cho tat ca cic ky ty khéc s& 1a 5. Vi vay, vi du khi bit gap mot
ky tu S trong mot fan tim tit phéi sang trai, con trd i sé duge thng
thém 4 sao cho cudi cia miu duge sip thanh hang bdn vi tri vé ben
phai cia 8 (va két qua la S trong mau ng véi S trong van ban).
Néu o6 nhitu hon mot ky ty S trong miu, ta mong mudn dung
dugc ky ty S nAm tin cing bén phai d&i véi cach tinh nay: vi vay
mang skip duge tao ra bing cich quét tit trai sang phai.

Boyer va Moore da d& nghj k&t hgp ca hai phuong phéap d& quét
méu tir phdi sang trdi ma ta da tém tit, rdi chon ra skip nio 16n
hadn trong hai skip duge yeu cau.

TINH CHAT 19.3 Phép tim chubi Bayer-Moore khong bao gits
ding nhiéu hon M+N phép so sinh ky tu, va ding khoang NIM
bude néu bang clhu? cdi khong nhé va méu khong dii.

Thuat todn la tuy&n tinh trong truting hgp xfu nhit theo cing
cach thie nhu phudng phip Knuth-Morris-Pratt (cai dat da duge
cho & trén ma no chi thyc hign mdt trong hai tinh chat heuristic
Boyer-Moore, la khong tuyén tinh). K&t qua N/M clia “trudng hgp
trung binh” c6 thé duge ching minh ddi véi cdc mé hinh chudi
* nghu nhién khéc nhau, nhung cdc mbd hinh nay c6 vé khong thyc
t&, do 46 ta sé bd qua cac chi tiét. Trong nhigu triting hgp thuyc t&,
ding ra la tit ca cac ky ty cia bang chi cai khong xuit hien & dau
ca trong miy, ngoai trit mdt s& it la cé trong méu, do dé méi phép
so sanh sé dAn t6i viée nhay qua M ky tu, va didu nay dan dén k&t
qua da duge phat bidu.

Thuét toan “ky tu khong khdp” rb ring sé khong gitip ich gi
nhiéu cho cdc chudi nhj phan, vi chi c6 hai kha naing dé cho céc ky
tif trd thanh khong khdp (vA ca hai kha ning nay déu o6 thé nim
trong méu). Tuy nhién cic bit c6 thé duge nhém lai véi nhau d8
tao nén cic “ky ty” ma né 6 thé duge dung y nhu trén. Néu ta )y
b bits & mdt thoi diém, thi ta cAn mpt bang skip vdi 2P dau vao. Gia
tri cua b s& duge chon di nho @€ cho bang nay khong qua Ién
nhung di 1n dé cho hau hét cdc doan b-bit cia van ban khong
nim trong mAu. Dac bigt, c6 M-b+1 doan b-bit khic nhau trong
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miu (mdt doan bat dau & mdi vi tri bit tit 1 d&n M-b+1), nhu thé
ta mu6n M-b+1 s& nho hon déng k€ so véi 2P, Vi dy, néu talay b la
khoang lg(4M), thi bang skip s& o6 hon 3/4 duge d5 day véi M dau
vao. b eling phai nhé hon M/2, vi néu khong ta c6 thé b s6t toan
bd mau ndu né bj tach ra gita hai doan van ban b-bit.

THUAT TOAN RABIN-KARP

Mot cach ti€p can brute-force cho viee tim kiSm chudi ma ta da
khong xem xét & trén la khai thdc md: ving nhé I6n bing cich
xem mbi doan M-ky ty c6 th& c6 cia van ban nhu Ia mot khod
(key) trong mdt bang bam chufin. Nhung khéng can thidt phai gid
mdt bang bam téng thé, vi bai todn duge cai dat sao cho chi mot
khod la dang duge tim kiém; vidc ma ta c¢an lam 1a di tinh ham
bam cho M ky ty tU van ban vi nd chi don gian la kiém tra xem
ching o6 bang véi mau hay khéng. Rabin va Karp da tim ra mét
phudng phap dé ding d€ gidi quyst tré ngai nay d&i vdi ham bam
ta da dung trong chuong 16: hik) = k mod q, & day q (kich thudc
bang) la mot s nguyén t§ lén. Trong trudng hgp nay, khong o6 gi
duge chya trong bang bam, vi vay q o6 thé dude cho gid tri rit lon.

Phudng phip nay dya trén viec tinh ham bam cho vi trf i trong
van ban, cho trude gid tri tai vi tri i-1 clia né, va suy ra hoan toan
tryc ti€p tif cdng thite todn hoc. Gia st ring ta djich M ky tu thanh
83 bang cdch nén ching lai véi nhau trong mdt tit (word) cia ndy,
ma ta xem né nhu mot s nguyén. Pidu nay 1ing vai vize ghi cac ky
ty nhit cic con s8 trong mot hg théng co 8 d, & day d 1 s8 ky ty
c6 thé c6. Vi vay 88 ing vdi afi..i+M-1] I

x = alildM-t + a[i+1}dM2 4 | + a[i+M-1]

va ¢6 thé gia sl ring ta bist gid tri cia hix) = x mod q. Nhung
dich (shift) mot vi tri sang phai trong van bdn tuong ing véi viec
thay x bai

(x - alildM-1)d + a[i+M)

Mot tinh chit cd ban ctia phép todn mod la ta c6 thé thuc hign
né bat ki lic nao trong cic phép todn nay va vin nhan duge cung
cAu tra 18i. Cich khic, néu ta 1y phan du khi chia cho q sau mébi
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mot phép toan 8 hoc (d8 git cho cdc s§ ma ta dang gap la nhd), thi
ta sé nhin duge cing cau tra 19i nhy thé ta da thye hign tat ca cc
phép todn s6 hoc, sau d6 18y phan du khi chia cho q.

Didu nay dén t6i mét thudt todn d8i sanh mAu rit don gian
duge chi dat dudi day, Chuong trinh gia dinh dung ciing ham index
nhu trén, nhung ding d=32 d¢ cho hidu qua (cic phép nhan oo
thé duge cai dat nhu cac phép djch bit)

function rksearch : integer;
const q=33554393; d=32;
var h1,h2,dM,i ; integer;

begin

dM.=1;

for i:=1 to M-1 dodM.=(d*dM) mod ¢;

h1:=0;

for i:=1toM do hl:=(hI*d+indexip/i})) mod q:

h2:=0;

for i:=1 10 M do h2: =(h2*d +index(cfi}) mod g;
=l

while (h1<>h2) and (i<=N-M ) do

begin '

h2:=(h2+d*q-index(afi )*dM) mod g;
h2:=(th2*d +index{a/i + M)} mod g;
=i+ 1;
emd,

rksearch. =i;

end;

Dau tien chuong trinh tinh gia trj hl cho mau, sau d6 tdi gia
tri h2 cho M ky ty dau tién cla van ban (né ciing tinh gia trj cla
dM-1 mod g trong bign dM). Sau d6 né tidn hanh cong vide qua
chudi van ban, ding dén ky thuat & trén d& tinh ham bam cho M
ky ty, bAt dau & vj tri i 41 v6i mdi i va so sdnh ting gia trj bam
radi voi h1. S8 nguyén t8 q duge chon cang 16n cang tot, nhung du
nho sao cho (d+1)*q khéng gay ra tran (overflow) : ditu nay can it
phép todn mod hon néu ta ding s& nguyén t5 16n nhit bidu dién
duge (mdt gia tri d*q phy trg duge cing thém vao trong khi tinh
h2 d8 bao diam ring mei dai lugng van con i duong d& cho phép
toan mod c6 thé thyc hign duge).
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TINH CHAT 19.4 Phép dbi sénh méu Rabin-Karp gan nhi la
tuyén tinh.

Thuat todn nay hién nhign thyc hign theo thoi gian ti 1 véi
M+N, nhung chi y 1a né chi thue sy di tim mot vj tri trong van
ban 6 cing gia tri bam vdi mau. Dé cho chéc chin, ta nén thyc sy
ti#n hanh so sanh trye tiép vin ban d6 véi mAu. Tuy nhién, viée si
dung gid tri rat 16n cia q, duge bién thinh dudng bdi ciac phép
toan mod va boi syt kién la ta khéng can duy tri bang bam thyc sy,
da khign cho rit khé xay ra mdt sy dung d6. V& mat Iy thuy@t,
thuat todn nay c6 thé van thuc hign theo O(NM) budc trong
trudng hop xau nhit (khong dang tin cay), nhung trong thyc t& c6
thé dya vao thuat toin dé thuc hién khoang N+ M budc.

DA TRUY

{(Multiple Searches)

Tat ca cAc thuit todn dang ban déu hudng tdi mat bai todn tim
chudi ey thé : tim sy xuit hign ctia mdt miu cho trudc trong mét
chudi van ban cho trudc. Néu cuing mdt chudi viin ban 1a d6i tugng
ciia nhitu phép tim ki€m méu, thi 58 Ia khon ngoan d& thyc hign
mot X iy niao dé trén chudi sao cho cac phép tim kidm k& tiép
dugc higu qua.

Néu cé mdt s lugng 18n cde phép tim kigm, thi bal todn tim
chubi 6 thé duge xem nhu 1 trudng hop dac bigt cla bai toan tim
ki€m tdng quat ma ta da nghién cdu trong phan trude. Ddn gian la
ta xem chudi vin ban nhu la N “khod” gbi nhau, khoa thi i dude
dinh nghia s& la a[1..N], toan thé chudi van ban bat dau & vj tr{ i.
Di nhién, ta khéng thao tdc trén chinh cdc khod d6 ma trén nhing
con trd tdi ching : khi ¢An so sdnh cdc khod i va j, ta thyc hign cic
phép so sanh “ting ky ty modt” bit dau & cac vi tri i va j trong
chudi vin ban (néu ta dung mat ky t¢ “cadm canh” (sentinel} nhm
¢ cudi, 16n hon tit ca cic ky ty khac, thi mot trong cac khoa b
ludn 16n hon khod con lai). Sau d6 o6 thé dung trye tiép cac thuat
todan bam, cAy nhj phan, va cic thuat toan khic trong phan trude.
Trudc tien, mot clu tric toan cye duge xay dung tir chudi van ban,
va sau 46 ¢ thé thyc hign cdc phép tim kigm hidu qui 48 vdi cac
mau cy thé.
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Nhigu chi tiét ¢an thiét s& dugc “xem xét qua” trong viec ap
dung céc thuat tean tim ki€m vio viée tim ki€m chudi theo phuang
phdp nay; dy dinh cua ching ta 1a chi ra didu nay nhuy médt chon
lya phy cho mdt vai ing dung tim-kim-chudi. Nhing phuang
phép khdc nhau sé thich hgp trong céc trudng hgp khdc nhau. Lay
vi dy, néu cac phép tim ki€m 4ap dung cho cic miu c6 ciing da dai,
thi mdt bang bam dugce kién tao vdi mot [an quét duy nhat, gidng
nhu trong phudng phap Rabin-Karp, s cho thdi gian tim kigm 1a
khong d6i tinh theo trung binh. Mat khac, néu cac miu c6 db dai
bign thién, thi mdt trong cdc phuong phap dya-vao-cay
(tree-based) cd the thich hgp (Patricia thi d%c bigt thich hgp cho
mét (ing dung nhu vay).

Céac bign thé khac trong bai toian cd thé khign cho né trd nén
khé hon dang k& vi din tdi cac phuong phéap khac nhau rit nhigu,
nhu ta sé thily trong hai chuong k& tigp.
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BAI TAP

1.

2.

Cai dat mdt thudt todn doi-sanh-mau brute-force ma né quét
mAu t phai sang trai.

Hay cho bang next d8i véi thuat todn Knuth-Morris-Pratt cho
mau AAAAAAAA.

. Hay cho bang next d8i v6i thuat todn Knuth-Morris-Pratt cho

miu ABRACADABRA.

. Phic hoa mdt may trang thai hfu han co thd tim miu

ABRACADABRA.

. Lam th& nao ban tim duge mdt chudi gohm 50 khoang tréng k&

nhau trong mdt tap tin van ban ?

. Hay cung cap bang skip tir-phdi-sang-trai d€ quét mlu

ABRACADADRA tit-phai-sang-trai.

. Hay nghi ra mét thi dy sao cho viée quét miu tir phai-sang-trai

vdi chi mét heuristic “khdng khdp” thyce hign £ai.

. Ban stta d6i nhu thé nao thuat toan Rabin-Karp dé tim modt miu

cho trude vdi ditu kién b8 sung 1a ky tu nam gita I mot “ky tu
dai dién” (wild card : bat k¥ mdt ky ty vin ban nao deu c6 the
sanh dude véi na),

. Cai dat mot phién ban cda thuat todn Rabin-Karp 48 tim cic

miu trong mdt van ban 2-chitu. Gia dinh c& mAu 14n van ban
d&u la cac hinh ch@ nhat ky tu.

10. Viét cic chudng trinh @8 tao ra mot chudi vin ban ngﬁu nhién

1000-bit, sau dé tim tat ci cdc xuit hién cia k bit cudi cling &
mot ndi khdc trong chudi, véi k=>5,10,15. (Céc phuong phap
khéc nhau o6 thé la thich hgp ddi véi cac gia tri k khac nhau).



20
POI SANH MAU

Thubng ta mudn tim chudi v6i mot thong tin it hon thong tin
hoan chinh vé méu s& duge tim. Vi dy, nhing ngudi s dyung cia
mt trinh sogn thio van ban c6 thé chi mudn dua ra mot phan cia
mot méAu, hay chi ra mdt mAu 6 kha nang trung khdp & mot 3 it
tu khac nhau, hay chi ra réing bat ky mét s& thé hién nio bao gom
mot vai ky ty dac bigt s& duge bd qua. Trong chueng niy ta s& xem
xét lam the nio o6 the thyc hign phép ddi sanh mau kifu nay mot
cach higu qua.

Céac thuat todn trong chudng trudc o6 mét sy phy thude co bin
vao dic ta hoan chinh clia miu, vi vay ta phai xem xét céc phuong
phap khac. Cc co ch& ciin ban ta s& xem xét c6 kha ning tao ra
mot phudng tidn tim chudi rét manh c6 kha nang di sinh céc
miu M-ky ty phic tap trong céc chudi van bin N-ky ty theo thui
gian ti 1¢ véi MN? trong truding hop xadu nhat, va nhanh hon nhizu
di v6i nhing dng dung dac tha.

Dau tién, ta phéi phét trién mot phuong phap d8 mod ta cie
mau: mbt “ngdn ngd” o6 thé duge s dung 48 chi ra, theo mdt
cdch nghiém ngat, cdc kifu bai toan tim-chudi-rieng-phan duge
phat biéu & trén. Ngbn ngit nay s& bao ham cic phép todn nguyén
so (poimitive operations), manh hon phép toan don gian Ia “kiém
tra xem ky ty thi i clia chudi van ban c6 khép vdi ky ty thit j ciia
méau” duge diing trong chuong trude, Trong chuong nay ta s& xem
xét ba phép todn oo bin theo cich néi clia mdt kidu méy tudng
tutgng c6 thé tim cdc mAu trong mdt chudi vin ban. Thuat tosn d5i
sénh méu clia ching ta sé 1a mdt phuong phap 48 gia 1ap phép todn
cia ki€u mdy nay. Trong chuong k& tidp ta s3 thiy lam th& nao da
dich tir diic th mau ma ngudi ding khai théc, mb ta cho cdng vide
tim chudi clia anh ta thanh dgic tA mdy ma thuat todn khai thac 48
thye thi viec tim ki&m.
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Nhu sé thdy, 10i giai ma ta phat trién d5i véi bai toan d8i sanh
mau o6 lién he mot cich mat thist véi cic tign trinh co s8 trong
khoa hoc may tinh. Vi du, phuong phdp ta s ding trong chuong
trinh d8 thyc hign cong viéc tim kigm chubi suy tir mdt md t& méu
cho trude 1a cing loai véi phuong phap dugc dung bdi he Pascal dé
thye hign chng viéc tinh todn c6 lién quan dén mot chudng trinh
Pascal cho trudc.

MO TA MAU

Ta 52 xét cic md t3 mau tao ra bdi cde ky higu, ring budc véi nhau
bdi ba phép toan co ban sau day :

(i) Phép ndi (concatenation) : Pay la thao tdc duge dung trong
chuong trude. N&u hai ky ty ke nhau trong méu, thi c6 mét sy
tring khdp xay ra néu va chi néu hai ky ty trong van ban gidng
véi no cing nhm ké nhau, Vi du, AB hiéu la A duge theo sau bdi
B.

(ii) Phép hot (or) : Pay la thao tdc cho phép chiing ta chi ra cic
trudng hop trong mau. Néu ta o6 mot phép OR gida hai ky ty,
thi c6 mot sy trung khdp néu va chi nfu mdt trong cac ky ty 46
xufit hign trong vain ban. Ta s ky hiu thao tic nay bing cich
dung diu + va dung céc ddu ngofic don 48 t8 hgp né véi phép
né'i theo mét cach thie phuc tap tiy y. Vi du nhu, A+B nghia

la “hoac A hay B”; C{AC+B)D nghia 1 “hofic CACD hoic
CBD"; va (A+C)((B+C)D) nghia 4 “hosic ABD hodc CBD hoac
ACD hoc’ic CCD”.

(iii) Phep két (closure) : Thao tac nay cho phep cic phan cia mot
méu sé duge lap lai mdt cich tiy y. N&u ta o6 phép két clia mbt
ky higu, thi s& cd mjt sy trung khdp xay ra n&u ky hiéu d6 xay
ra trong van ban véi s fan tiy ¥ (k& ci 0). Phép két sé duge ky
higu bdi vieéc dat mpt déu * sau ky tu hay nhém ky tu duge bao
bdi cac dau ngic don 88 duge nhéc lai. Vi dy, AB* d4i sanh cac
chudi gom o6 mdt chir-A theo sau 13 mot day tuy ¥ cac chit B,

trong khi (AB)* s& d8i sanh céc chudi gobm cic chit A va B khic
nhau.
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Mot chudi cic ky hiéu duge xiy dung béng cach ding dén ba
phép todn nay duge goi la mdt bifu thic chinh quy (regular
expression). Mbi mdt biéu thic chinh quy c6 th8 xic dinh cdc miu
van ban dic thi. Myc dich cia ching ta la phat trién mét thuat
toan xac djnh xem c6 bat ki mot miu nao duge md ta bdi mot bidu
thiéc chinh quy cho trudc xuit hign trong mdt chudi vin ban cho
trude hay khong.

Ta & tAp trung vho phép ndi, phép hdi, va phép két theo thit ty
d€ minh hoa cic nguyén 1y co ban trong viéc phat trién mot thuit
todn ddi-sanh-miu biéu-thie-chinh-quy. Cac b8 sung khéc duge tao
chung trong cdc he thdng thyc sy dé cho tién. Vi dy, -A cé thé hidu
la “trung khdp bt ki ky ty nao ngoai trir A”, Phép toan NOT nay
giing nht mot phép todn OR am chi tit ca cdc ky ty ngoai trir A
nhung dé ding hdn nhitu. Tuong tu, “?” c6 thé hidu la “trang
khdp bét ki ky ty nao”. Lai mot fan nia, phép todn nay hién nhien
la c6 dong hon nhitu so vdi mot phép todin OR lan. Nhing vi dy
khde vé cdc ky higu b6 sung d& tao ra dac ta cta nhiing mAu lon dé
hon, d6 Ja cde ky hidu d€ déi sanh noi bt dau hay két thdc cia mot
dong, bit ky ky tu nio hay con 88 nao, ...

Cac phép todn nay cé kha nang bidu dat rit ding k&. Vi du nhu
mau mo ta ?*(ie+ei)?* ¢& sanh voi tit ca cic tiY o6 ic hay ei;
(1+01)*(0+1) md tA tat cd cde chubi s& 0 vaa 1, khong ¢6 hai s6 0
ké nhau. Hién nhién Ja ¢6 nhitu méu mé ta khic nhau cing mé ta
cho mdt chudi : ta phai ging xic dinh ra cic miu mo ta ngin gon
chi khi nao ta thit viét cdc thuit todn hiéu qua. :

Thuit tean d6i sanh miu ta s& xem xét c6 thd duge xem nhu
mot sy khai quait hod cia phudng phap tim ki€m chudi brute-force
tu-trai-sang-phai. (phuong phap dau tien da thdy trong chudng
19). Thuat toan di tim chudi con trdi nhit trong chudi van ban ma
né khop véi miu md ta bang cach quét chudi van ban tir trai sang
phai, kiém tra 6 méi vi tri & xem khi nao thi 6 mdt chudi con bat
dau & vi tri d6 khép véi miu mbd ta.

CAC MAY DOl SANH MAU

Nhd lai la ching ta ¢6 thé xem thuit toan Knuth-Morris-Pratt nhu
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mbt may trang thai hiu han duge kién tao tir miu tim kiém ma no
quét trén van ban. Phuang phip ta 58 ding cho vigc 45i sanh méu
bigu- thide-chinh-quy la mdt sy khai quét hod cia thuit todn nay.

M4y trang-thdi-hitu-han cho thuit todan Knuth-Morris-Pratt
thay ddi tir trang thai nay sang trang thai khac bing cach nhin vao
mot ky ty cia chudi van ban va sau d6 chuyén 46i thinh mot trang
thai nao dé ndu cb sy trung khdp, néu khong thi thanh mét trang
thai khac. Mot sy khong tring khdp 4 bat ky mdt chéd nao ¢ nghia
12 mAu khong thé xay ra trong vin bin bat dau & diém d6. Ban
than thuat toan cb thé dude xem nhu la sy md phong cho mét cal
mdy. Dac trung ma né khién cho dé dang mo phéng may 1a tinh
tat dinh (determinisiic) : mdi chuyén ti€p (transition) trang thai
hoan toan duge xdc dinh bdi ky tu nhap ké.

D& ki€m soit cac bidu thuc chinh quy, ¢an xem xét mdt may
tritu tugng manh hon. Do phép todn OR, may khong thé xic dinh
khi nawo thi mau cé the xuat hidn 8 mot vi tri cho trude bang cich
chi ki€ém tra mdt ky ty : thuc vay, do phép két, khang thé xde dinh
06 bao nhitu ky ty ¢6 thé can phai duge kiém tra trude khi phat
hién ra mot sy bat d6i sainh. Cach ty nhién nhat d& vugt qua cac
van dé nay la trang bj cho may sdc manh cta tinh bat dinh
(nondeterminism) : khi ¢6 nhitu cach d& d8i sainh méu, may sé
“doan ra” cai ding ! Phép todn nay ¢6 vé nhu khong kha thi,
nhung ta sé thiy la dé dang viét mét chuong trinh d€ mo phong
cac hanh ddng cia mot cai may nhu vay,

Mdt may nhan dién mbu bit dinh cho (A*B+ACID
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Hinh 20.1 minh hoa mdt cai mdy bat djnh trang-thai-hdu-han
o6 the duge sit dung d& tim miu mod ta (A*B+AC)D trong mét
chudi van ban. (Céc trang thai duge dinh s3, theo mjt phuong
phap sau dy). Ging nhu may tit dinh cla chudng trudc, may nay
o6 thé chuyén tit mdt trang thai duge gin nhan bdi modt ky tu
thanh trang thai “duge trd tai” bai trang thii dé bang cach so
khdp (vh quét qua) ky ty trong chudi viin ban. Nhing gi ma né tao
ra tinh bat dinh ciia may 1a 66 mét vai trang thai (duge goi 1a cac
trang thai tréng hay null) ma né khong nhing khéng dude gin
nhén, ma con c6 thé “trd t6i” hai trang thai tien t6 khic nhaw.
(Mot vai trang thai, nhu trang thai 4 trong hinh vé, la cdc trang
thai “no-op” véi mdt ngd ra ma né khong anh hudng dén thao tac
cia may nhung lam thun tién cho vige cai dat cia chuong trinh
kién tao mdy, nhu ta sé :hdy. Trang thai 9 la mot trang thai null
khéng o6 ngd vio, d€ ngimg may lai). Khi & trong mdt trang thai
nhy vay, may c6 thd di t6i mot trang thai tidn 5 bat chip ngd vao
(khong quét qua bit ky ci gi). My c6 kha nang doan duge chuyén
ti€p nao s& dan tdi mot sy triung khdp d8i vdi chudi van ban cho
trude (néu c6). Chi y la khong cb nhing chuyén tigp
“khong-khdp” nhu trong chuong trvdc : may sd s6t khi tim ra mot
sy trung khdp chi khi khdng 6 cach, ngay ca dé dean ra mot diy
cic chuyén tidp dan tdi mot sy trung khdp.

M4y c6 mot trang thai khdi dau duy nhdt (duge chi ra bdi
dudng khong bi dinh 8 bén trai) va mot trang thai két thuc duy
nhét (hinh vudng nhé & bén phai). Khi duge khéi dong trong trang
thdi khéi dau, mdy s& o6 kha nang “nhan dién” bat ki mét chudi
nao duge md ta boi miu bing cich doe céc ky ty va thay déi trang
thai, tudng 1ing vdi cdc quy luat clia nd, hoan tat 3 “trang thai k&t
thiuc”. Do mdy c¢6 kha nang bat dinh , no o6 thé doan ra déy cac
thay d6i ve trang thai cé thé din tdi 1o gii. {Nhung khi ching ta
thir mé phong may trén mot may tinh chudn, ta s& thd tit ca cac
kha nang). Vi dy, dé xdc dinh xem miu md ta (A*B +AC)D cla no
c6 thé xdy ra trong chudi vin bin CDAABCAAABDDACDAAC
hay khong, may sé ngay lap tic thong béo 181 khi duge khdi dong
trén ky ty thit nhat hay thi hai; né sé lam mét cai gi do dé théng
bdo 181 trén cac ky ty thi nam va thi sdu; v né sé dodn ra day cac
chuyén tigp trang thai duge chi ra trong hinh 20.2 d& nhan dign
AAABD néu dugce khéi dong trén ky ty tha bay.
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Hinh 20.2 Nhén dang AAABD

Chiing ta c6 thé kién tao mot cai may cho mot biéu thiic chinh
quy cho trudc bang cach xay dung cdc mdy bd phan cho cic phan
cia biéu thic va dinh nghia cic phuong phap trong dé hai may bo
phan c6 thé duge t6 hop lai thanh mdt may 16n hon cho mbi modt
phép todn trong sd ba phép todn & trén : phép ndi, phép hdi va
phép két. _

Ta bt dau véi mot may phu @€ nhan dien mdt ky ty cu thé.
Thuén l¢i khi viét né6 nhu modt mdy hai trang thai, v6i mot trang
thai khoi dau (ma né cing nhan dién ky ty) vd mot trang thai két
thie, nhu duge minh hea trong hinh 20.3.

(2
®&——o

Hinh 20.3 May hai-trang-thdi dé nhan di¢n 1 ky tw)
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Hinh 20.4 Kién tao may trang thai ;: phép noi

B el A=l

Bay gitt dé tac cAi mdy cho phép ndi cla hai bidu thic tir cac
mdy cho cdc bi€u thic rigng 18, don gian la ta tron trang thai két
thic clia mdy dau vdi trang thai khdi dau céia may thd hai, nhu
duge minh hoa trong hinh 20.4.

Tuang ty, mdy cho phép todn hoi OR duge xay dyng bang cach
thém mot trang thai null méi trd t8i 2 trang thai khai dau va tao
ra mdt trang thai két thdc tro tdi cai cbn lai, ma né tré thanh
trang thdi két thic cia may duge t8 hop, nhu duge minh hoa trong
hinh 20.5.

@——U Machina 1

-CE""’““"'C' et Machine 2

Hinh 20.5 Kién tgo may trang théi : phép héi

Cubdi ciing, mdy cho phép toan két duge xay dyng bing cich
lam cho trang thai k&t thic tré thanh trang thai khéi dau va dé
cho né tré ngude lai trang thai khdi dau cd va mot trang thai k&t
thie mdi, nhy duge minh hoa trong hinh 20.6.

L F Py

Hinh 20.6 Kién tao may trang théi : phép két
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Mot may e thé dlIO'C xay dyng tuong dng vdi bat ky mot bigu
thic chinh quy nao bang cach ap dung lién ti€p cac quy tic nay.
Cac trang théi cho may vi du & trén duge danh sd theo thit tu khai
tao khi miy duge xay dLrng bing cich do miu tir trai sang phai,
nhu thé viée kign tao cla may tit cie quy tic & trén o6 thé duge [an
theo mt cach dé& dang. Chu y rang ching ta ¢6 mdt may phy
2- trang-thal cho mdi ky ty trong bidu thic chinh quy va mdi diu
+ hay * s& khi€n cho mét trang thai duge khdi tao (phép ndi khién
cho mot trang thai s& bj xod), nhu thé s& trang thai chic chin sé it
hon hai fan s3 ky ty trong bigu thic chinh quy.

BIEU DIEN MAY

Tat ca cac miy bét djnh cla ching ta s& duge kign tao bing cach
chi diing ba quy tic két hgp di duge phéc thao d trén, va ta o6 thé
lgi dung cdu tric don gian cia ching dé sit dung ching theo mot
cach thuc don gidn. Vi du, khong 6 nhidu hon hai dutng rii khoi
bit ky mét trang thai ndo. Thyc vay, chi ¢6 hai kidu trang théi :
cac trang thdi dugc gdn nhan bdi mdt ky ty ti bang ch¥ cai nhap
vio (vii mot dudng di ra), va cac trang thdi khong duge gan nhan
(null) (vdi hai duting, hay it hon, rbi khéi né). Diéu nay c6 nghia Ia
may c6 thé dude bigu dién chi véi mot vai miu thong tin trén mjt
nit (node). Vi ta sé thudng xuyén mudn truy xuit cdc trang thai
chi bang con s8, cach td chuc phi hqp nhét cho may sé 13 mot biéu
dién thec mang. Ta s& ding ba mang dong thdi 1a ch, nextl, va
next2, duge chi muc bdi state 4& bidu dién va truy xuit may. No sé
ch kha nang dé qua duge véi 2/3 lugng khong gian nay, vi mdi
trang thai thyc sy chi dung hai miu théng tin c6 nghia, nhung ta
sé ti bo sy cai ti¥n nay d€ cho dé hifu va cing vi miu b ta
thuding la khong qua dai.

Midy & trén 6 the duge bidu dién nhu trong hinh 20.7. Céc dau

oA 3

< siale 1 2 [ [ n & Y
chistare} A B A )]

next Hstate! 3 2 | 4 I fi n hJ B "

nextdstaref 52 P48 2 7 8 b

Hinh 20.7 Biéu dién mang cho mdy ¢ hinh 20.1
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vao dude chi myc bai state c6 thé duge thong dich nhu cic lenh véi
méy bét djnh o6 dang “Né&u ban dang & vj tri state va ban thiy
chlstate] thi quét ky ty va di téi trang thai nextl[state] (hay
next2[statel)”. Trang thai 9 la trang thai k&t thic trong vi du nay,
va trang thai 0 Ia mot trang thai khéi-dau-gia ma cae didm vao
Next clia n6 1a s higu clia trang thai khdi dau thyc sit. (Chii ¥ bidu
dién dic bigt duge dung cho cac trang thai tréng null véi 0 hay 1
ngod ra).

Ta da thiy lam thé nao d8 tao nén may tir m&u mé ta bidu thic
chinh quy va lam thé nao cic mdy nhu vay e thé duge bidu didn
nhu cdc mang. Tuy nhién, viét mot chuong trinh d8 lam cdng viée
dich tit mot bidu thite chinh quy thinh mat bidu dién may bat djnh
tuong ung lai 12 mdt vén dé hoin toan khac. Thuc vity, ngay ci
viec viet mdt chuong trinh 48 xic dinh xem mdt biéu thic chinh
quy cho trudc hgp 1& hay khong la mot thach do ddi vdi ngudi
khong quen (uninitiated). Trong chuong k&, ta sé nghién ciu thao
tac nay, dugc goi la phan tich vain pham (parsing) mt cach chi tit
hon nhitu. Hign tai, ta s gia dinh 1a phép dich nay da duge thyc
hién, sao cho ¢6 thé dung duge cic méang ch, nextl, va next2 dé
biéu dién mot cai may bat dinh cu the tuong dng véi miu md ta
bidu thitc chinh quy dang quan tam.

MO PHONG MAY

Budc cudi cing trong vide phat trién mét thuat todn dai-sanh-miu
biéu-thic-chinh-quy 1a vist mot chudng trinh ma né mé phoéng
theo mot cich nao 46 thao tic cia mot cdi mAy ddi-sanh-méu bat
dinh. Y tuéng d& vist mdt chuong trinh ma né c6 the “doin ra”
cAu tra 15i diing c6 vé 1a khoi hai. Tuy nhién trong trudng hgp nay
né dan téi mot dizu 1a ching ta c6 thé luu git diu v&t cla tit ca
cdc médy 6 thé c6 theo mdt phuong phap c6 he théng, sao cho ta
thyc sif tim ra duge ddng cai can tin.

C6 mdt kha nang 1a phat trién moét chusng trinh dé quy bat
chude mdt cai mdy bat dinh (nhung thi 5t ca cac kha nang thay
vi doéin ra cdi ding). Thay vi dung céch tiép can ndy, ta s& xem
thit mot-cai dat khéng dé quy bidu dién cac nguyén 1y thao tac oo
ban clia phudng phap bing cach luu cic trang thal qua vigc xem
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xét mot cAu tric dit liéu dac bigt khac duge goi la deque.

Y tuong la Juu gid ddu vEt cua tAt ca cac trang thai ma nd cd
thé bj bit gip trong khi may dang “nhin vao” ky ty nhap hign
thti. M&i mot trang thai duge xd 1y Tan lugt : cAc trang thai null
dan t6i 2 trang thai (hay it hon), cdc trang thai cho cdc ky ty ma
né khong khép vdi cdi nhap vao hign thai thi duge loai ra, va
nhitng trang thai cho céc ky ty ma né khong khdép vdi cai nhip vao
hién thai sé dan tdi cac viéc ding cic trang thai mdi khi may dang
nhin vao ky ty nhap ké tigp. Vi vay ta mutn duy tri mdt danh sach
cua tit ca cdc trang thai ma may bat dinh cb thé c6 & mot diém cu
thé trong van ban. Van dé 1a thigt k& mot cAu tric dd lidu thich
hgp cho danh sich nay.

Viée xtt ly cdc trang thai null cé vé cAn mbt ngan x&p (stack),
vi chii y&u ta dang tri hoan viéc thyc hign mot trong hai diéu, nhu
trong vieée khi d& quy (nhu viy trang thai mdi sé duge dat & noi
bat dau cda danh séch hign hanh, chi e fing nd bj tri hoan vo han).
Viee xU 1y cac trang thai khac c6 vé& nhu ¢an dén mdt hang doi
{queue), vi ta khdng mudn xdc dinh cic trang thai cho ky ty nhap
k& tiep cho dén khi ta da xong ky ty hién hanh (nhu vay trang thai
mdi s& duge dat & cudi cia danh sich hign tai). Thay vi chon mét
trong hai ciu tric dit litu nay, ching ta s@ dung ca hai ! Deques
{Cac hang hai daa :“double-ended queues™) 1a t6 hop cdc dac trung
cta ngan x&p va hang dgi : mdt deque la mdt danh sich ma cac
phan t cd thé duge thém vao d ca hai dau. (Thye ra, ta ding mot
“deque két-xuit-han-ch® (output-restricted queue)”, vi ta ludn ludn
b6 di cdc mAu tin 6 dau, khodng phai & cudi).

Mot tinh chit quyét dinh cla may ta n6 khéng c6 cac “vong
lap” ma chi gom cdc trang thai null, vi néu khémg né cb thé quyét
dinh mot cach khong xdc dinh 1a lap vinh vién. T d6 din tai mot
dleu Ia 50 trang thai trén hang dgi & bt ky thai diém nio 1a bé hon
$8 ky tu trong miu md ta.

Chuong trinh duge cho dudi day dung mbt hang dgi hai dau
(deque) d& md phong cic hinh dong cua mdt may d6i-sanh-méiu
bat dinh nhu da mo ta d trén. Khi dang kiém tra mot ky ty cy the
trong day nhap, may bit dinh c6 thé ¢ bat k¥ mdt trang thai nao
trong s0 nhitng trang thdi sau diy : chuong trinh luu gid ddu vét
clia nhimg ky ty nay trong mdt deque, bing cach dung cic tha tuc
push, put, va pop, gitng nhu trong chuong 3. C6 thé ding bigu
dién mang (nhu trong viée cai dat hang dgi 6 chuong 3) hosic mot
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bigu dién xau litn két (nhy trong vide cai dit ngin x&p & chudng
3); viéc cai dat duge bd qua.

Vong lgp chinh trong chuong trinh loai bd mdt trang thai t
hang doi hai diu va thyc hién hanh ddng ydu chu. N&u mét ky ty
shp dugc ddi sanh, thi kj ty nhip sé duge kidm tra xem o6 phai la
ky ty duge yeu chu hay khong; ndu ding, thi sy chuy&n ti€p trang
thai s bj tac dong bai viee dat trang thai mdi & cubi cla deque (sao
cho téit ca cac trang théi o6 litn quan d&n ky ty hidn thdi sé duge
x{ 1y truéc nhing trang théi o6 lidén quan d&n ky ty k& tigp). N&u
trang thai Ia null, hai trang thai c6 the ma né 88 dugc md phong sé
duge dit & noi bat diu clia deque. Céc trang théi o6 lidn quan d&n
ky tu nhép hién tai duge luu rizng khéi cAc ky ty c6 lién quan d&n
van ban hgngmcnt déu hiéu scan = -1 trong deque : khi scan bj bt
gap, con trd trd vao trong chudi nhap sé duge ddy tdi trude. Vong
lip két thic khi tdi cudi diy nhap (khéng tim thiy mét sy tring
khéap nio), hodic t6i trgng théi 0 (d4 tim thdy sy tring khép hgp
12), hoge chi mot phan td, diu hitu scan, 13 cdn lai trén deque
(khdng tim duge sy tring khdp). Didu ndy tryc ti€p din t6i chi dat
sau day :

function mateh(j:integer):integer;
const scan=-1;
var state,nin2:integer;
begin '
dequeinit; put(scan);
match: =j-1; state: =next}f0];
repeat
if state=scan then
begin j:=j+ 1; put(scan) end
else if chfstate]=afj] then
put(nextlistate])
else if chistate]="" then
begin '
" nli=nextlfstate]; n2:=next2fstate}]:
pushinl); ifnl<>n2 then push(n2)
end; :
state: =pop;
until (j>Nj or (state=0) or (dequeempty);
if state=0 then match: =j-1; '
end;
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Ham nay 14y tham sb 1a vi tri j trong chudi viin bén a & d6 né
s& bat dau thi doi sanh. N6 tra vé chi muc cla k¥ tu cudi cing khi
di tim thdy sy trimg khép (néu o6; néu khdng né tra vé j-1).

Hinh 20.8 chi ra ndi dung clia deque mdi an c6 mot trang théi
duge bd di hic may méu cia ching ta thi hanh véi chudi van ban la
AAABD. D9 hinh nay gia dinh mot biu dién mang, nhu da duge
st dung cho cac hang dgi trong chudng 3 : mdt diu chng duge
diung dé bidu dién scan. Mbi thoi didm ddu hidu scan tim t6i dau
deque (& trén day cha dd hinh), thi con trd j duge tang 18n téi ky tu
k& trong van ban. Vi vity, ta bit dau vai trang théi 5 trong khi quét
ky ty dau tién trong vin ban (chi@ A dau tién). Trude tién, trang
thai 5 din tdi trang thai 2 vh 6, sau 46 trang thai 2 din tdi cac
trang thai 1 va 3, tdt cd déu can quét cing mdt ky ty va & noi bit
d4u clia deque. Sau 46 trang thai 1 din tdi trang thai 2, nhung &
cudi ctia deque (cho ky ty nhap k& tigp). Trang thai 3 déin téi trang
thai khac chi khi dang quét mot chid B, nhu the né duge bé qua
trong khi mot chd@ A dang duge quét. Khi bign cAm canh “scan”
tim tdi dau cia deque, ta thiy ring may 6 thé & mot trong hai
trang thai 2 hay 7 sau khi quét qua mdt A, Sau d6 chudng trinh
thit ede trang thai 2,1,3, va 7 trong khi “nhin vao” chi A thd hai,
d€ phat hién ra 14, trong [an thd hai khi scan tim t6i dau deque,
trang thai 2 1a kha nang duy nhat sau khi quét AA. Bay gis, trong
khi nhin vio ky tu A thd ba, cdc kha nang duy nhit 1a cic trang
thai 2, 1, va 3 (kha nang AC bay git bj ngiin chin). Ba trang thai
nay duge thit lai [an nita, d& cudi cling din tdi trang thai 4 sau khi
quét AAARB. Tigp theo, chuong trinh chuy@n sang trang thai 8, do
chid D va chuyén sang trang thai két thic. Da tim thiy c6 sy trung
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Hinh 20.8 Ngi dung cua deque trong hhi nhin dién AAABD
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khdp, nhung, quan trong hon, I tt ca cac chuyén ti8p ma né nhat
quén v6i chudi van ban deu da duge xét dén.

TINH CHAT 20.1 Sy md phéng thao tic cia 1 may
M-trong-thii dé tim cic méu trong mdt chudi vin bén gom N ky tu
dm chi NM chuyén tiép trang thai trong trumg hop xiu nhit,

Thoi gian chay cia chuong trinh nay hién nhign phy thude rit
nhigu vao miu dang duge so khdp. Tuy nhien, d5i véi mbi mot ky
ty trong s3 N ky ty nhép, né xit Iy hau h&t M trang théi cia may,
nhy the thoi gian thi hanh trong truong hop xfu nhst sé & véi
MN cho mdi vi tri bit dau trong van ban. Téng thoi gian d& xdc
dinh xem o6 bat ki mdt phan nao trong chudi vin ban duge mb ta
boi mau hay khéng, la O(MN?).

Khéng phai tit ci cic mdy bat dinh déu o6 thé duge mé phdng
mdt cach hitu qua nhu vy, nhu s& duge ban huan chi tist hon
trong chuong 40, nhung vide dung mét cdi méy ddi-sinh-miu gia
thigt don gian trong dng dyng nay din t6i mdt thuat todn hoan
toan hop 1y cho mot bai todn that khé. Tuy nhien, dé hoan 4t
thuat giai, ta cAn mgt chuong trinh djch cic bidu thic chinh quy
tiy y thanh cdc “cAl may” dung cho vidc théng djch bdi chuong
trinh & trén. Trong chuong k& tigp, ta sé xem xét vide cii dat cla
mét chuong trinh nhu véy trong ng cAnh mdt ban luan khai quat
hon vé céc trinh bién djch va cac ky thuat phan tich ci phép.
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BAI TAP

1. Cho mét bifu thic chinh quy d€ nhén ra tit cd cdc xuit hién

2.

3.

9,

cda bén s8 1 lign tigp hay it hon trong mét chudi nhj phan.

Phéc hoa may d6i-sénh-mfu bat dinh cho miu md ta
{(A+B)*+C.

Hay cho cdc chuyén tidp trang thii miy cia ban do bai tap
truéc tzo ra d€ nhan disn ABBAC.

. Giai thich cich lam th& nao si¥a ddi lai miy bat dinh d& digu

khién ham NOT.

. Giai thich cach Jam th& nao s¥a d8i lai may bit dink 48 kiém

soat cic ky ty “khong cAn quan thm” (don’t care).

. C6 bao nhidu miu khac nhau ¢6 thd duge md ti bdi mdt bidu

thife chinh quy vdi M todm tif OR va khdng o6 todn ti két,

. Sta d6i match d€ kifm sodt cdc bifu thdc chinh quy véi ham

NOT va chc ky ty “khdng quan tam”,

.Chlralamthénhodé"kxéntaom@tmﬁuhmtacédédall\‘[vé

mdt chudi v&n ban c6 49 dai N ma 48i vdi n6 thdi gian thyc thi
cia match 1a cing 16n cang tot.

Tai sao deque trong match chi duge quydn chia mdt bign cAm
canh scan duy nhét.

10. Hay xac djnh ndi dung cla deque mi khi mot trang thai duge

bd qua khi dang match & md phéng may mu trong van ban
véi chubi van ban 1a ACD.
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Nhitu thuat todn co s dd duge phét tridn d€ nhén ra cic
chudng trinh m4y tinh hgp 12 va 48 phan ra ching thanh mft dang
thich hgp cho nhing cong vide xit Iy khéc nita. Thao tac nay, duge
&oi 12 phan tich cAu, c6 (ng dung vugt khdi pham vi ciia khoa hoc
miy tinh, vi n6 o6 lién he tryc tigp véi viee nghign aifu cdu tric
ngbdn ngl néi chung. Vi dy, phan tich cau déng mot vai trd quan
trong trong cdc hg thdng ma né of ging 48 “hidu dugc” cse ngbén
nglt ty nhién (ngdbn ng clia con ngudi) va trong cac he thong dé
dich t¥ mot ngdn ngd thanh mét ngon ngit khic. Mpt trusng hgp
ddng chd y dac bigt Ia dich tit mot ngon nea méy tinh “cép cao”
nhu Pascal (thich hgp cho viéc st dung cia con ngudi) thanh mot
ngdn ngit “cip-th&p” nhu hop ngt (assembly) hay ngbn ngd méy
(thich hgp cho viée thi hanh trén mdy). Chudng trinh thyc hidn
cbng vige dich nhu vay duge goi Ia mdt trinh bien dich (compiler).
Thyc ra, ta 43 gap mét phuong phép phan tich cau, d chuong 4 khi
x4y dyng ciu tric cay d€ biéu dién mot bifu thiic s8 hoc.

Hai cach ti¢p can tdng quat duge sit dung cho viee phan tich
chu. Cac phuong phap tir-trén-xusng (top-down) cho phép tim mot
chuong trinh hgp 18 bang cach trude tien tim cac thanh phan cia
mjt chuong trinh hgp 12, sau 46 tim cdc thanh phin cla cic thanh
phan ndy,... cho d&n khi cic mau thong tin di nhd 48 dsi sanh vai
d@ litu nhap mdt cich trye tidp. Cac phuong phap tir-dudi-len
(bottom-up) dit cdc méw d¥ lidu nhap lai v6i nhau theo mdt
phuong phap o6 ciu tric d€ tao ra cic méu ngay cang 16n hon cho
dén khi mot chuong trinh hep 12 dugc tao ra. Thang thudng, cic
phudng phép tir-trén-xusng la d8 quy, cic phuong phép tir-dudi-lan
la lap; cic phuong phép tir-trén-xuéng duge coi 13 dé cai dat hon,
cic phuong phap tu-dudi-len duge coi Ia hidu qua hon. Phuong
phap trong chuong 4 ta tit-dudi-len; trong chuong nay ta nghién
ciu phudng phép tit-trén-xudng mot cich chi tist.
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Mot sy xem xét day dd cac két qua trong vige xay dyng bd
phan tich cau va trinh bién dich 10 rang wugt qua khuén khd cia
quyén sich nay. Tuy nhién, bing cach xay dyng mdt “trinh bién
dich” don gian dé hoan chinh thuat todn d6i-sénh-mau cia chuong
trude, ching ta sé c6 kha nang xem xét mot vai khai ni¢m cd ban
¢6 lisn quan. Pau tién ta sé xay dyng mdt bo phén tich
tir-trén-xudng cho mét ngdn ngd don gidn dé méd th cac bidu thic
chinh quy. Sau d6 ta s& sia d8i bd phén tich dé tao ra mot chuong
trinh djch céc bifu thic chirh quy thanh cdc méy ddi-sanh-méu
ding béi thi tuc match cia chuong trude.

Dy djnh cta ching tdi trong chuong nay la dua ra mdt vai canr
nghi vé cic nguyén 1j cd ban cia viee phén tich va bién djch trong
khi cung lic phat trién mdt thuat todn doi-sinh-mau hitu dyng.
Chic chén Ia ta khong thé xem xét h&t cdc két qua o lign quan ¢
mdt muc dd sahu hon can thigt. Doc gia nén chd ¥ 14 nhing khé
khin t& nhj c6 thd xay ra trong viée 4p dung cing mdt cich tigp
can cho cac bai todn tudng ty nhau, va vige kign tao trinh bién
dich 1a mdt linh wifc hoan toan 44 duge phat trién véi mpt pham vi
rong lén cac phuong phap cao cp kha dung cho cic dng dung
nghidm tic.

VAN PHAM PHI-NGU-CANH

Trude khi o6 thé vist duge mot chuong trinh d& xdc dinh xem mét
chuong trinh nio d6 da duge viét trong mdt ngdn ngd cho trudc cb
la hop l& hay khong, ta cain mdt md ta chinh xdc vé nhing gi ciu
thanh mdt chuong trinh hgp 18, Md ta nay dude goi |a mdt bd van
pham; d& tan thanh vdi thuat ngd, hay nghi dén mot ngdn ngit
nhu ti€ng Anh chiing han va doc “cau” cho “chuong trinh™ trong
chu trude dé (ngoai trit [An xuat hién dau tien !). Cdc ngdn ngd lap
trinh thudng duge md t3 bdi mdt kifu van pham cy thé duge goi la
van pham phi-ngi-cAnh. Vi dy, van pham phi ng canh dinh nghia
tap tit cA cdc bifu thic chinh quy (nhu da md ta trong chuong
trudce) 1a nhu sau :

<expression> = <term> | <term> + <expression>
<term> c=  «<factor> | <factor> <term:
<factor> = (<expression>)|v| {<expression>)* v *
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Van pham nay mé ta cdc bidu thic chinh quy giéng nhu da
dugc dung' trong chuong truée, vi dy nhu (1+01)*(0+1) hay
(A*B+AC)D. Méi dong trong van pham duge duge goi la mot luat
sinh hay luat thay th&. Cac luat sinh bao gom cac ky hiéu két thiic
(terminal) (,). + va * la nhing ky higu duge dung trong ngdn ngi
dang dugc mo ta (“v”, mot ky higu dac biet, dai dién cho bat ky
mot ky ty chi hay s§ nao); cac ky hiéu chua két (nonterminal)
<expression>, <term> va <factor> la cac ky hi¢u trung gian cta
van pham; céc siéu ky higu (meta symbols) ::= va | duge ding dé
mod ta y nghia cua cac luat sinh. Ky higu ::=, doc “la mot”, dinh
nghia vé trai cla luat sinh theo v& phai; va ky higu |, duge doc la
“ho@c”, chi ra cac tuy chon khac nhau. Céac luat sinh khée nhau,
du duge bidu dién trong dang ky hiéu ngén gon nay, lai tuong Ung
mot cach don gian véi mt mé ta tryc quan cia bd van pham. Vi
dy, luat sinh thi hai trong b van pham thi du c6 thé duge doc la
“mdt <term> la mot <factor> hoic la mot <factor> duge theo
sau bdi mot <term>". Mot ky hidu chua két, tron g trudng hgp nay
duge phan biét theo y nghia la mot chudi cdc ky higu két, la thude
vé ngbn ngit dang dugc md ta bdi bd van pham néu va chi néu c6
mot cach nao d6 ding cac luat sinh dé phat sinh ra chudi d6 tir cac
ky higu chua két phan biét bang cach thay th& (theo s& bude tuy y)
mot ky hidu chua két bang bit ki mot menh de nao trong s6 cac
ménh dé “hosc” & v& phai clia mdt luat sinh cho ky higu chua két
doé. .

Mot cach ty nhién dé md ta két qua ciia tién trinh phat sinh
nay la mot cay phan tich : d6 1a mot luge do ciu trdic van pham
hoan chinh cia chudi dang duge phan tich. Vi duy, cily vin pham &
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Hinh 21.1 Céy phan tich cho chudi (A*B+AC)D
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hinh 21.15cho thiy chudi (A*B+AC)D la nm trong ngdn ngit duge
mb ta bdi van pham & trén. Cdc cAy phan tich gidng nhu ciy nay
dbi khi duge dung cho tieng Anh d& ngit mdt chu thanh chi ngt,
dong tit, vi ngd, .

Chiic ning chinh cia mdt b phan tich 1a chip nhén cic chudi
ma né o6 thé duge phat sinh nhu vay va khéng nhan cic chubi
khdng thé dugc phét sinh nhu véy, bang cich thit tao ra mot ciy
phan tich cho bat ki mdt chudi nio. Nghia 13, b phan tich o6 thé
nhan dién khi ndo thi mdt chudi 1 thudc v ngdn ngidt dang duge

md tA bdi van pham bhng cich x4c dinh xem khi nio thi ton tai
mdt ciy phan tich cho chudi d6. Cac bd phéan tich ti-trén-xubng
lam dieu nay bang cich x4y dyng cay bt dau bang ky hidu chua
két nhm & dinh va di xufng dudi huéng v& chudi s& duge nhan dién
niim & ddy; cac bd phéan tich tu-duédi-len thyc hign didu nay bling
cach khdi dau tir chudi nhm & ddy va i nguge 12n trén hudng tdi
ky hidu chua k&t phan bigt nhm & dinh. Nhy ta sé thiy, néu ¥
nghia cic chubi dang duge nhan dang cdn o6 lién quan dén vide xit
ly khic nita, thi bd phan tich c6 thé chuydn ching thinh mjt bidu
dién bén trong ma né cé thé khign cho vige xit 1y nhu the trd nén
dé dang. :

Mot vi du khéc cta mdt bd vin pham phi-ng-canh c6 thé duge
tim thidy trong Phy lyc cla quyén sich “Pascal User Manual and
Report” : quyén sach md ta cic chudng trinh Pascal hgp I¢. Cac
nguyén 1y duge xem xét trong phan nay dé nhan dang va st dyng
cac bifu thic hgp 1@ duge ap dung tryc tidp trong viéc bign djch va
thyc hign cac chuong trinh Pascal. Vi dy, bd vin pham sau day md
th mot tap con rét nhod cac bidu thifc s& hoc cia Pascal bao gom
phép odpng va phép nhan:

<expression>i= <term> | <term> + <expression>
<term> . = <factor> | <factor>*<term>
<factor> u= (<expression>) | v

Céac luat nay md ta mdt cach hinh thdic nhing gi o6 thé duge
thita nhan trong chudng 4 : Ching 14 cic luat quy dinh vige tao
nén cac bidu thic s hoc “hgp 12”. Mdt 1an nda, v 12 mdt ky higu
dac bigt dai dign cho bat ki ky ty nao, nhung trong van pham nay,
cée chd cai ¢ thd bidu dién cic bin véi gid trj 8. Cac vi dy v@
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nhitng chudi hgp 1&¢ cho van pham nay 1la A+(B*C) va
A*(((B+C)*(D*E)) +F). Ta d4 thily cAy phan tich cho chudi thi hai
& trong chuong 4, nhung cay dé khéng tng vdi van pham & trén-Vi
dy, cdc diu ngoac don khdng duge dé cap d&n modt cich tuting
minh,

Nhu da xdc dinh, mét vai chudi la hgp 18 hoan toan ca vé bidu
thic s8 hoc 1an biéu thuc chinh quy. Vi dy, A*(B+C) c6 thé hidu I
“odng B vai C va nhan k&t qua véi A” hoic “lay mat day tay ¥ céc
chit A theo sau bdi B hoac C”. Ditu nay cho thdy mot su kién hidn
nhién la viée ki€m tra khi nao mét chudi duge tao thanh mbt cach
hop lé Ia mot chuyen, con viée hidu né o6 y nghia gi lai la mdt
chuyén hoan toan khac. Ta sé trd lai van dé nay sau khi da xem
lam th& nao phan tich mot chubi d& xdc djnh xem né dude md ta
bdi mot viin pham nao dé hay khong.

Méi mot bidu thite chinh quy ban than né I mot vi dy clia mdt
by van pham phi ngit cAnh : bit kj mdt ngdn ngi nio ma né cb the
duge md ta bdi mdt bidu thite chinh quy thi ciing c6 thé duge md t4
bdi mot véin pham phi ngd cinh. Bitu nguge lai khong ding. Vi dy,
khai niém vé sy “cAn biing” 8 ddu ngotic don khong thé ném bét
dugc bdi cac bigu thic chinh quy. Céc kidu van pham khéc o6 thd
mb ta cAc ngdn ngi¥ ma cdc van pham phi ngd cnh khéng thé mbd
ta duge. Vi du, cdc van pham cAm ngd cAnh (context-sensitive
grammar) gidng véi van pham vin pham phi ngit canh, ngoai tri
v& trii cia cdc luat sinh khéng nhat thist 1a cac ky higu chua két
don le. Nhing khic bigt gitta cac 16p ngén ngit vh cdng viéc phan
cdp cAc van pham dé mé ta ching da duge giai quy&t mot cAch rét
ciin than va tao nén mot ly thuyst dep 48, ¢6 vj tri trung thm trong
khoa hoc mdy tinh,

PHAN TiCH TU-TREN-XUONG

Mot phuong phap phan tich s& dyng d2 quy d8 nhan dang céc
chudi tif mot ngdbn ngi duge md td mét cach chinh xac nhu d3 quy
dinh bdi b van pham. Néi mdt cich don gidn, vAn pham 1a mot
dic ta cla ngdbn ngit ma né hoan chinh dén ndi né c6 the duge
chuyén trye ti€p thanh chuong trinh !
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Mbi luat sinh dng véi mdt thu tuc of tén 1a ky hi¢u chua kit &
v& trai. Cdc ky higu chua két & v& phai cia diay nhap tudng dng (cd
thé Ia d2 quy) vdi cac lénh goi thd tuc; cic ky higu két tuong ung
véi viec dd trén chudi nhap vao. Vi dy, thl tuc sau 12 mdt phan cia
mdt bd phan tich tir-trén-xuéng déi véi bd van pham bidu thic
chinh tic clia ching ta :

procedure expression;
begin
ferm,
if p/j]="+" then begin j:=j+ I; expression end
end; )

Mot mang p chita biéu thitc chinh quy dang duge phan tich va
mdt chi myc j tro tdi ky ty hien dang duge kiém tra. D& phan tich
mbt biu thic chinh quy cho trude, ta dat né trong p(i.M] (véi
mdt ky ty cAm canh trong p[M+1]} khong duge dung trong vin
pham), @it j 1a 1, va goi expression. N&u dizgu nay khign cho j duge
dat v gia trj M+1, thi bidu thic chinh quy la & trong ngdn ngd
duge md ta boi vAn pham. Néu khong, ta s xem & duédi day cac
truttng hop sai khdc nhau duge kidm sodt nhu the nao.

bitu dau tien ma expression lam la goi term, duge cai dat hoi
phife tap hon mdt chit :

procedure term;
begin
factor;
if (pli1="0) or letter(p{j]} then term
end;

Mot phép bign dich tryc tigp tif vAn pham don gian la d€ cho
term gpi factor va sau d6 tdi term. Didu nay hién nhién s& khéng
hoat ddng dugc vi né khong cé cich nao @& thoat khoi term :
chuong trinh nay s8 di vho mdt vdng lap dd quy vd tan n&u duge
goi (cac vbng lap nhu vay o6 nhitng tic ddng that khong hay ho gi
trong nhigu he théng). Viéc cai dat & trén né qua duge chd nay
bing cach trudc tign kiém tra diy nhap vio dé quyét dinh xem khi
nao thi term s& dugc goi. Vige dau tidn mi term lam la goi factor,
Ia thii tyc duy nhét trong s8 cac tha tyc c6 thd phat hién ra mdt sy
bat d6i sanh trong day nhap. Tu b van pham, ta biét ring khi
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factor duge goi, thi ky ty nhap vao hign thai phai la mdt ky ty “("
hoéc phai 12 mdt chit cai nhap (bi€u didn bdi v). Tign trinh kifm
tra ky ty k& nay ma khong tang j € quy#t dinh xem s& lam gi thi
duge goi la nhin truéc (lookahead). Béi v6i mdt vai bd van pham,
dieu nay la khéng can thiét; d8i vdi nhitmg bd viin pham khéc, cb
thé can nhigu [An nhin trude hon.

Gitt day, cai dit cla factor tufin thi mot cich tryc ti€p theo bd
viin pham. Né&u ky ty nhap dang duge quét khdng phai 1a mot ky
ty “(" hay mdt ch@ cii nhap, thi mdt thi tuc error duge goi 48
kiém so4t trubng hgp 16i :

procedure factor;
begin
if pljl="r"
then
begin
Jj:=j+1; expression;
if pij}=")’ then j:=j+1 else error
end
else if letter(p(j]) then j:=j+ 1 else error;
if pjj="*"then j.=j+1
end;

Mot trudng hop sai khic xay ra khi thidu mét diu “)”

Céc thi tyc expression, term va factor 16 rang la de quy; thuc
vy, ching quygn vao nhau qui chit d&n ndi ta khéng thé bidn
dich duge ching trong Pascal n&u khéng dung cfiu tnic forward
dé né tranh quy thc dya trén viéc ding mot thi tyc ma khong khai
bao ching trude.

Cay phan tich d8i vdi mdt chudi cho trude sé sinh ra cdu tnic
gvi dé quy trong lic phan tich. Hinh 21.2 do theo thao téc cfa ba
thu tyc & trén khi p chita (A*B+AC)D vh expression dugc goi véi
J=1. Ngoai trit ddu ofng, toan bd vide “quét” la duge thyc hign
trong factor. D€ d& doc, cde ky ty ma thi tue factor quét, ngoai
trit cdc diu ngokc, sé duge dat trén cling mot dong véi lenh goi
factor.

Boc gia duge khuyén khich d€ lién he tién trinh nay véi van
pham va cly trong hinh 21.1. Tién trinh nay tudng dng vdi viee
dich chuyén trén cAy theo tién-thi-ty, mac dit sy tuong dng I
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khﬁng chinh xdc do chign luge nhin trude cia chung ta chung quy
ladé thay di van pham. Vi ta bit dau & dinh cia cay va di xudng,
ngudn géic ciia tén tir-trén-xudng la d& hidu. Cac bd van pham nhu
the cing thutng duge goi 1a cic b() phan tich d2-quy-xudng do
ching di chuyén xudng phia dudi cia cay phan tich mét cich da
quy.

Ciéch ti€p can tir-trén-xubng sé khong hoat ddng dugc ddi vai
tadt ch cdc van pham phi ngd canh o6 thé 6. Vi du, vdi ludt sinh
<expression> = v | <expression> + <term>, néu ta tuan theo
cédch djch may méc thanh Pascal nhu & trén, ta s& nhan dugc k&t
qua khong mong muén:

procedure badexpression;
begin
if letter(p{j}) then j:=j+ 1 else
n

badexpression;
it pfj}<>"+’ then error else
begin j:=j+1; term end
end
end;
N&u tha tuc nay duge goi véi pij] khong phai la ch¥ cai (nhu
trong vi du cia ta, véi j=1) né s di vio mdt vong lap dé quy vo
han. Vige trdnh nhing vong Iap nhu vay la mdt khé khan chi y&u
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Hinh 21. 2. Phan fich (A*B+AC)D

trong vigc cai dat cdc bd phan tich de- quy-xubng Dai véi term, ta
di dung viéc nhin trudc d& tranh mot vong Iap nhu vay; trong
trutmg hop nay cdch thich hop la di dutng vong d8 trénh khé khin
nay bing cach chuyén van pham qua <term:> + <expression>. 8¢
xuiit hign mdt ky hidu chua kit glﬁng nhu cdi dau tién trén & phai
clia mdt Iuat thay th& cho chinh né thi duge goi la da- -quy- -trdi.
Thitc ra, vin dé l1a quai 4c hon, do viec d2 quy trai c6 thé xay a
gidn ti€p, vi dy nhu vdi cac luat sinh

<egxpression>:;=<term> va

<expression>:¥=v| <expression> + <term>

Cac bd phan tich d2 quy xung s& khong hoat dong duge A6i vai
céc van pham nhu vay. Ching phai duge bién ddi thanh céc van
pham tuong dudng ma khdng o6 su @& quy trai, hay phai dung dén
mot phuong phap phan tich nao d6. Thong thuing, 6 mdt mdi lien
lac mat thidt va da duge nghién ciu rit rong rii gita cac bd phan
tich va cdc bd vin pham ma ching nhan dang, va viéc chon lya
mdt k¥ thudt phan tich thudng dugic truyén dat bdi cic dac trung
cda van pham sé phan tich.
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Mac dit ¢6 nhiéu lénh goi d& quy trong cac chuong trinh & trén, ¢
mot bai tap hudng din @8 loai di sy 4@ quy mdt cich c6 he théng.
Nhé lai & chudng 5 la mdi 12nh goi tha tyc c6 thé duge thay bang
mbt thu tuc cit vao ngin x€p va thay mbi thi tuc tra v2 bdi mot
lénh 18y khoi ngan x&p, bit chude nhing gi he Pascal thyc hien dé
cii dit sy & quy. Clng vay, nhd lai fing mdt ly do ¢ lam dieu nay
13 nhidu 1énh goi 6 v& nhu d2 quy nhung lai khong thyc sy dé quy.
Khi mét 1énh goi thi tyc 1a hanh ddng cudi cing cia mét thi tyc,
thi mdt 12nh goto don gidn o6 thé duge si dung. Né chuyén
expression va term vao nhitng vong lap don gifn c6 thé duge tron
lai v6i nhau va duge t8 hgp véi factor d€ sinh ra mdt thd tuc duy
nhit véi mot lenh d2 quy thyc sy (Iénh goi tdi expression trong
factor).

Cach nhin nay tryc ti€p din t8i mdt phuong phap that don
gidn 48 kiém tra khi ndo edc bidu thitc chinh quy 1a hgp 12. Mot khi
tat ca chc lénh goi thi tye da duge loai bd, ta thay rang mbi ky hidu
két thic s& chi duge quét khi né bi bat gap. Vide xi Iy duy nhét
duge thuc hign thyc sy & kifm tra xem o6 mdt diu ngoac phai
sdnh duge vdi mdi mét diu ngojc trai hay khéng, khi ndo thi mdi
déiu “+” 1a duge theo sau bdi mdt chit cai hoic mot dau “(”; va khi
nao thi mbi ddu “*” 1a duge theo sau bdi mdt ch cii hosc mdt dau
“)”. Nghia la, vigc ki€m tra khi nao mét bidu thic chinh quy la hyp
12 58 chi y8u tuong dudng véi vide kifm tra xem o6 syt chn bing vé
s8 ddu ngohic hay khdng. Didu nay of thé duge cai dat mot cch
don gidn bang cich duy tri mdt bién d&m (counter), duge khéi
dong 1a 0, duge tang lén khi bat gip mot diu ngosc trdi va duge
giam di khi bit gip mdt dau ngodc phii. Ndu bign dém la 0 & cusi
bidu thite, va cc ky hidu “+” vi “*” trong bidu thic thoa che yéu
cau vita duge néu, thi bidu thic 1a hgp 2.

D1 nhién, ¢6 nhing phan tich khéc hon 14 chi kiém tra khi nao
diy nhap vao la hgp ¢ : muc dich chinh 12 € xay dyng cAy phan
tich (ngay ci theo cdch ngm dinh, nhu trong bd phén tich
tir-trén-xuéng) cho edng vige xi 1y khic nita. C6 khuynh hudng 1a
c6 thé lam diéu nay véi cdc chuong trinh véi cang mét cfu tric
chi ydu nhu bj kiém tra dfu ngojc da duge md ta trong doan
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trudc. Mot kidu bd phan tich ma né thyc hién theo cich nay
thutng duge goi la by phan tich gidm- phép djch- chuyén
(shift-reduce parser). Y t\Idng Ia duy tri mdt ngin x&p day xudng
(pushdown stack) chia cdc ky higu k& va chua két. Mbi budc
trong vidc phan tich sé hoic la mét bude dich-chuyén, trong d6
don gian la ky ty nhap k& sé duge cit trén ngan xép, hofic 1a mét
budc lam giam, trong 46 cée ky ty tai dinh nghn x&p duge d8i sénh
véi v& phai cha mdt luat sinh nao dé trong van pham va dude “rit
lai thanh” (dugc thay bang) ky tu chua két trén v& trdi cua luat
sinh dé. (Khé khan chinh trong vide xay dyng mdt bd phan tich
giam-phép-dich-chuyén 13 quyét dinh xem khi nao thi dich chuyén
va khi nao thi lam gidm. Day c6 thé 1a mdt quydt djnh phic tap,
phy thudc vao van pham). S8au nay, tit ca cic ky tu nhap vao duge
dich chuyén vao trong ngan x&p, va cubi cing ngan x&p duge lam
giam thanh mot ky hidu chua k&t don 1é. Cac chudng trinh trong
chuong 3 va 4 dung cho viéc kign tac mdt ciy phan tich tit mdt
biéu thic infix bing cach trudc titn chuyén bidu thic thanh
postfix 4 modt vi dy don gian ve mdt bd phéan tich nhu vay.

Phan tich ti-dudi-len thubng duge xem la phuong phip lya
chon cho cic ngdn ngd lap trinh thiye sy, va o6 mdt tai lieu md
rong viéc phat trién cic bd phan tich cho cic bd vin pham 16n o
kidu duge yeu cau dé md th mdt ngdn ngd lap trinh. Mé ta ngin
gon clia ching ta chi ludt qua b2 mat cla cac két qua da duge tao
ra.

TRINH BIEN DICH

Mot trinh bién djch c6 th8 duge xem nhu mdt chuong trinh d;ch
mét ngdn ngd thanh mét ngdn ngd khac, Vi dy, mdt trinh bién
djch Pascal djch cdc chuong trinh tif ngdn ng® Pascal thanh ngén
ngit miy clia mdt may cu thé niio dé. Ta sé minh hoa mdt cach dé
lam diéu nay bdng cich tifp tuc véi thi dy ddi-sinh-mAu
bidu-thdc-chinh-quy; tuy nhign bay giy ta mong muén djch ti
ngdn ngi cda cic bidu thic chinh quy thanh mdt “ngdn ngid” cho
cic may ddi-sanh-méu, cic mang ch, nextl, v next2 ciia chuong
trinh match @ chuong trude.
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Tign trinh dich chd y8u la “mdt-mdt” : Véi mbi ky ty trong
mau (ngoai trif cic dAu ngokc don), ta mudh sinh ra mit trang thai
cho mdy d8i-sinh-méu (mét dau vao trong mdi mét mang). Cat
meo la luu gif ddu vet cia thong tin can thigt dé 48 vao trong cac
mang nextl va next2, D& lam ditu d6, ta sa chuyén mdi mot tha
tuc trong by phan tich dd-quy-xudng thanh cdc ham ma né khai
tao cdc mdy dbi-sénh-mbu. M&i ham sé them vao céc trang thai
mdi khi can vao cudi cla cic méng ch, nextl va next2, va tra va
chi muyc cla trang thai khdi dau clia may da duge khoi tao (trang
thai cudi & ludn ludn la dau vao cudi cing trong cdc mang), Vi dy,
ham duge cho dudi day ddi vai ludt sinh cia <expression> s tao
ra cdc trang thai “hozc” (or) cho may ddi-sanh-méu

function expression:integer;

var {1,t2:integer;

begin

ti:=term; expression: =tlI;

if pfj/="+"then
begin
Ji=ji+1; state:=state+ I; 12: =state;
expression: =t2; state; =state + I;
seistate(t2,” expression,i1);
sedstate(i2-1,", state,state);
end;

end;

Ham nay st dyng mot thi tuc setstate ma né chi don gian la
dat cAc dAu véio cho cdc mang ch, nextl va next2 duge chi muc bai
tham s& dau tién chita cac gia trj duge cho trong cdc tham &8 thd
hai, thit ba va thi tv, tudng dng. Chi mye state luu git tinh trang
“hién hanh” ciia may dang duge xiy dyng : M5i khi mot trang thai
mdi duge tao ra, state duge tang len. Vi vay cac chi myc trang thai
cho mdy s& tuong dug véi mot day lenh goi thi tuc cy thé gita gia
trj ciia state & dau vao va gia trj cta state & dau ra. Chi mye trang
thai cudi la gia trj cla state lic thoit ra (ching ta khong thyc sy
“tao” vdc trang thai culli cing bing cach tang state trude khi thoat
ra, vi &jdu nay khi&n che né dé “tron l&n” trang thai cudi cling vdi
céc trang thai khdi dau sau do, nhy ta s2 thiy dudi day).

- -Véi quy ubc nay, ta d& kiém ching (chd ¥ lenh goi d8 quy 1) Ia
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chuong trinh & trén chi dat quy tic cho viéc t& hgp hai may véi
phép toan or nhu di phac hoa trong chuong trude, Trude hét may
danh cho phan dau cia bidu thie duge xay dyng (mdt cich dé
quy), sau 46 hai trang thai null méi duge thém vao va phin thit hai
cta bidu thife duge xay dyng. Trang thai null dau tign (véi chi myc
t2-1) 1a trang thai cudi clia mdy cho phan dau cia bidu thie ma né
dugc ch& tao thanh mdt trang thai “no-op” dé nhay tdi trang thai
két thic cia may cho phan thid hai cia bi€u thie, nhu dude yéu
cau. Trang thai null thit hai (véi chi muc t2) 1a trang thai khdi
dau, nhu the chi myc cla no la gid tri tra vé cho expression va cac
dau vho nextl va next2 duge tao ra dé chi tdi nhﬁ‘ng trang thai
khéi dau cla hai bigu thife. Chid ¥ }a nhing bigu thite nay duge ciu
tao theo thit ty ddo nguge véi nhing gi ta mong mudn, do gia trj
cua state cho trang thai no-op la khong bigt duge cho dén khi lenh
goi d& quy tdi expression dugc tao ra.

Ham cho <term> trudc tién xay dyng mdt cai may cho mot
<factor> va saa d6, néu can, tron trang thai két thic cia may d6
v0i trang thdi khai dau ca may cho mot <factor> khac. Biéu nay
dé dang dude thye hién hon 1a nhu da néi, vi state 1a chi myc trang
thai két thic cua lenh goi tdi factor. Mot lenh goi téi term ma
khong tang state thyc hién meo sau :

function term;
var tinteger;
begin
term; =factor;
if (plj]="0"} or letter(p{j}) then t: =term
end;

(Chiing ta khéng can dung d&n chi myc trang thai khai dau
dugc tra vé bdi lenh goi thit hai tdi term, nhung Pascal yéu cau
ching ta diat né ¢ dau dé, do do ta sé bo nd vao mat bign tam t).

Ham cho <factor> st dyng cdc ky thuat tuong ty d& kiém
soat ba trudng hgp cua nd : mdt diu ngoic dai dien cho mdt 1énh
goi d& quy trén expression; mdt ky higu v dai dién cho phép néi
mdt trang thai méi cudi chudi; vh mdt dau * dai dién cho cae phép
toan ‘tuong ty véi cac phép toan trong expression, tudng dng vdi
luge d6 két (closure diagram) clia phan trudc :

Hinh 21.3 cho thiy lam th& nao cic trang thai duge kign tao
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function factor;
var t1,t2:integer;
begin
t1:=state;
if p{j/="(' then
begin
Ji=j+ 1 2 =expression;
if pfji=") then j:=j+ else error
end
else if letter(pfj]) then
n
Setstate(state,plf] state + 1, state + 1);
t2:=state; j:=j+ 1, state: =state+1
end
else error;
if pfj}< > "*" then factor;=t2 else '
begin
setstate(state,” state + 1,62}
factor: =state; next1ft1-1} =state;
Jr=i+1; state: =state + 1;
end;
end;

Hinh 21.3 Xéy dung mot mdy doi sénk méu cho (A*B+ACID
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cho mau (A*B+AC)D, vi dy trong chuong trude cla ching ta. Pau
tién, trang thai 1 duge xay dyng cho A. Sau &6 trang thai 2 duge
xay dyng cho todn hang két (closure) va trang thai 3 duge gin vao
cho B. K& d6, ddu “+” bj bat gip va cdc trang thii 4, 5§ duge xiy
dyng bdi expression, nhung céc viing cta ching khéng thé duge 48
day cho d&n khi thyc hign xong mot I2nh goi d& quy tdi expression,
va digu nay cudi ciing gay ra viée tao dung cic trang théi 6 va 7.
Cudi cuing, phép ndi ciia D duge didu khién bdi trang thai 8, d€ lai
trang thai 9 nhu la trang thai k&t thic.

Budc cudi cing trong viéc phat trién mot thudt todn
d8i-sanh-miu bidu-thmic-chinh-quy la ghn cdc thi tyc nay lai véi
nhau cung tha tue maich :

procedure matchall;
begin
j:=1; state: =1, next{0}: =expression;
sefstate(state,”,0,0);
for i:=1to N-1doif matchii)> =i then writeln(i);
end;

Chuong trinh nay in ra tit ca cdc vj tri ky ty trong mdt chubdi
van ban af[1..N] & 86 o6 mot miu p[1.M] din tdi sy trung khdp.

CAC TRINH BIEN DICH CUA

TRINH BIEN DICH

(Compiler-Comipilers)

Chuong trinh ditng cho vige d8i-sdnh-mAu bidu-thdc-chinh-quy da
duge phat trién trong chudng niy vh chuong trude 1a nhing
chuong trinh higu qua va that hitu ich. Myt phién ban cua chuong
trinh nay clng vdi mét vai chi tiét tinh t& duge them vio (d€ kiém
sodt cic ky ty “khéng can quan tam”, ...) sé la mdt trong s3 nhing
trinh tién ich dudc sit dyng nhidu nhat trén nhigu heé théng may
tinh.

Théat thd vi khi nhan thdc thuat todn nay t mdt quan diém
triét hoc hon. Trong chudng nay, ta da xem xét cic bd phan tich
ding cho viéc gd r6i ciu tric cha cac biéu thic chinh quy, dya
trén mdt md ti hinh thic cla cic bidu thic chinh quy bang cach
ding mdt bd van pham phi-ngi-canh. Néi cdch khac, ta da ding
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vin pham phi-ngi-cnh dé chi ra mdt “mau” cy thd : mot day céc
ky ty véi sd ddu ngodc 14 bing nhau. B4 phan tich sau 46 kidm tra
xem mau c6 xuft hién trong diy nhap vio hay khong (nhung né
coi mdt sy d6i sanh la hygp 1@ chi khi n6 phd toan bd chubi nhap
vao). Vi viy céc b phan tich, ma né ki€m tra mdt chudi nhap xem
6 nim trong tap cac chudi duge dinh nghia bdi mét bo van pham
phi-ngd-canh nio d6, va cdc bd sdnh mau, ma né kidm tra mot
chubi nhap xem c6 nim trong tap cic chudi duge djnh nghia bai
mdt biéu thie chinh quy nio d6, thi chii y8u thye hign cing mdt
chitc nang ! Khéc nhau chit y&u Ja cdc by van pham phi-ngd-canh
o6 kha nang mé t mét 10p cic chubi rong hon nhidu. Vi dy, cic
bidu thic chinh quy khdng thé mo ta tép tat ci cic bidu thic chinh
quy.
Mot diém khic nhau nda trong céc chuong trinh la bd van
pham phi-ngi-canh duge “xay dyng vio trong” bd phan tich, trong
khi thd tyc match lai duge “diéu khién bing bang” : cing mot
chitang trinh lam viee véi tét ca cc bidu thdc chinh quy, mot khi
ching da duge djch thanh dang thich hgp. Hod ra 1a o6 kha nang
xAy dyng céc bd phan tich duge- diéu-khién-bing-bang theo cing
mdt cdch, sao cho ciing chuong trinh o6 thé duge diung 48 phan
tich tdt cA cdc ngdn ngit dugec md tAd bdi cic van pham
phi-ngi-canh. Mot trinh phat sinh bd phan tich (parser generator)
la mdt chuong trinh ldy di lidu nhap la 1 b vin pham v sinh ra
két xuft 1a mot bd phan tich cho ngdn ngd duge md ta bdi vin
pham dé. C6 thé thuc hign thém mdt budc nita : ngudi ta ob thé
x8y dyng nén céde trinh bién dich duge dizu khién bang bang cho
ca hai ngdn ngd nhap va xuit. Mat trinh-bién-djch-ca-trinh-bién-
dich (compiler-compiler) la mdt chuong trinh ¢6 dau vio 1a hai bd
van pham (va mft dic ta vé cdc mdi quan ha gida ching) va sinh
ra két xuat 1a mdt trinh bién dich ma né s& dich cac chudi tit mot
ngin ngd thanh ngdn ngi con lai.

Cac trinh phat sinh bd phan tich va cic “trinh bién dich cia
trinh bién djch” la kha dung cho nhing tng dyng thong thuing
trong nhiéu mdi trudng tinh todn, va la nhing cdng cu hoan toan
hitu ich, c6 thé duge ding dé sinh ra cac bd phan tich va cic trinh
bién dich hidu qua va dang tin ciy véi mdt nd lyc tuong dsi it. Mat
khéc, cdc b phan tich dé-quy-xudng tir-trén-xudng o6 kidu duge
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xem xét & day thi hoan toan thich dyng d&i véi nhing by van pham
don gian phat sinh trong nhidu ¥ng dung. Vi vay, nhu vdi nhigu
thut todn di xem xét, ta c6 mdt phuong phap don gian thich hgp
cho cdc dng dung, v nhléu phudng phép cao cap ma né cb thé dan
t6i vide nAng cao hi2u naing mdt cich dang ké ddi véi cac ap dung
quy-md-l6n. Nhuit da phat bidu d trén, chiing ta chi di lust qua ba
mit cha mébi trudng dang duge nghidn cdu rong rai nay.
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BAI TAP

1. Lam th& ndo by phéan-tich-de-quy-xuéng tim duge mét 15i trong
mdt bidu thic chinh quy chua hoan chinh, vi dy nhu
(A+B)*BC+ ?

2. Hay cho chy phan tich d8i v&i bidu thitc chinh quy
((A+B)+(C+Dy*)*,

3. Hay m6 rong bd van pham biéu thiic s3 hoe @& c6 them phép
toan lay thira, div va mod.

4. Hay cho mét bd viin pham phi-ngd-canh 48 mo t4 tat ci céc
chudi khéng c6 hdn hai con s& 1 nim k& nhau.

5. C6 bao nhiéu I2nh goi thi tyc duge dung bdi bd phan tich
dé-quy-xuéng dé nhan dang mot bidu thdc chinh quy theo s
phép ndi, phép hoi, va phép két va s3 ddu ngoac ?

6. Hay cho cdc méang ch, nextl vi next2 sinh ra tir viac xay dyng
may ddi-sainh-mau cho miu ((A+B)+(C+D)*)*.

7. Sita dSi van pham biéu thuc chinh quy 48 kifm so4t ham
“khéng” (not) va céc ky ty “khdng cAn quan tam” (don’t care).

8. Xay dyng mot bd déi sanh méu bidu-thitc-chinh-quy dya trén bd
. vAn pham cai tién trong ciu tra I cla chiing ta cho chu hdi
trén. :

9. Hay loai bo sy d¢ quy khaéi trinh bién djch de-quy-xudng va don
gian hod chuong trinh k&t qua cang nhieu cang tét. So sanh
thdii gian chay cla cic phudng phap khéng dé quy va dé quy.

10. Viét mdt trinh bien djch cho cac biu thic s& hoc dan gian
duge md ta bdi bd van pham trong tai lidu. N6 s& sinh ra mbt
danh sich cc “lgnh” cho mdt may c6 ba thao tac : cit (push)
gia tri cia bi€n lén trén ngan xép; them (add) vao dinh ngin
x&p hai gi4 trj nhm trén ngan x&p, loai bo ching khoi ngan xap,
sau d6 dat k&t qua & d6; va nhan (multiply) hai gi4 trj trén dinh’
ngan x&p, theo cung cich thye.
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Phan i6n, chc thuit todn ta da nghién cifu chi y&u duge thidt
k& sao cho chay cing it tn thdi gian cang t5t, k& dén méi la 48 tict
kidm chd. Trong phan ndy, ta sé xem xét mot vai thuft todn theo
huéng nguge lai: cic phudng phap duge thit k& chd yéu dé gidm
bét hugng khong gian st dung mé khdng t6n qui nhidu thoi gian
chay. Mia mai thay, cic ki thut ta s& xem xét dé i€t kiém chd lai
1a cac phuong phap “méa hod” tir 1y thuyét théng tin ma né da duge
phat trién dé t&i thidu hod lugng thong tin trong cac hg truyén
thong va vi vy vé goc rd 1a o6 dy dinh tiét kidm ve thi gian (chd
khong phai vé khong gian),

Thong thuting, hau hét céc tap tin may tinh o6 rdt nhiéu thong
tin du thita. Cic phuong phap ta s xem xét lam ti€t kigém chd
biing cach khai thac mdt sy kién 13 hau hét cic tip tin ¢d mt “ndi
dung théng tin” tuong doi thip. Cac ky thuit nén tip tin thuimg
duge diing cho cdc tip tin van bén (trong d6 c6 mdt s3 ky ty nao
d6 xuit hién thuimg hon nhi2u so vdi cic ky ty khac). Cac tap tin
“raster” ma hod cho anh (ma né ¢d thé c6 nhing vang 1én dong
nhit), va cdc tap tin dung 4€ bidu dién 4m thanh dudi dang s6 hoa
va céc tin hidu tuong ty (analog signals) khéc (cAc tin hidu nay c6
thé ¢6 cic méu duge lip lai nhidu fan).

Ta sé xem mot thut todn od s& cho bai todn (ma né vAn rét
hitu ich) va mdt phuong phip “t5i utu” cip cao. Lugng khong gian
dugc tidt kitm bdi cic phuong phép nay bién thién tiy thude vio
cac dac trung cua tap tin. Tigt kidém khoang tit 20% dén 50% la
phd bign ddi véi cac tap van ban, va tist kidm khodng tit 50% dén
90% cho céc “4p tin nhj phan. D& voi mot vai kidu tap tin, vi dy
nhu cdc tap tin gom cb céic bit nghu nhién, thi lugng chd ti&t kidm
duge s& 1a it, Thyc vy, that thu vi khi d8 y Ia bat ky m{t phuong.
phip nén da ning nio cing sé lam cho mdt vai tip tin trd nén dai
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hdn (néu khong thi ta da o6 thé 4p dung phudng phap d6 mot cach
lign tyc d€ sinh ra mot tap tin nho tuy ).

Mot mat, 6 thé cai lai ring cdc ky thuat nén tap tin thi it
quan tronyg hdn ta tudng vi gid ca clia céc thigt bj luu tr@ trén may
tinh d3 gidm rdt nhidu vi ngudi sit dung ¢6 nhiu bd nhé hon so
voi trude day. Mat khac, ngudi ta ciing c6 thé cai lai Ia cac ki thuat
nén tip quan trong hon ta tudng bdi vi, do 6 qu4d nhitu bs nhé
dang trong tinh trang duge si dung, viéc tidt kidm do ching tao ra
c6 thé la to 16n hon. Cac ky thuit nén ciing thich hop cho cic thigt
bi luu tri¥ cho phép truy xudt véi t8c dd cao vugt byc va duong
nhién la tuong d5i dit (va vi vay né nhd).

MA HOA DO-DAI-LOAT
(Run-length Encoding)

Loai du thita don gidn nhét trong modt tap tin Ia cic duong chay
dai gom céc ky ty lap lai. Vi dy, xét chudi sau : :

AAAABBBAABBBBBCCCCCCCCDABCBAAABBBBCCCD

Chudi nay c6 thé duge ma hod mdt cich cb dong han bing cach
thay thé ting chudi ky ty lap lai bsi mot thé hign duy nhét cia ky
ty lap lai cing véi mot bign dém s3 an ky ty ¢6 duoe lap lai. Ta
mudn n6i rang chudi niy gom bon chit A theo sau bdli ba chit B i
lai theo sau bdi hai chd A, 1di lai theo sau bdi nim chd B,... Viee
nén mot chudi theo phuong phap nay duge goi 1 ma dp-dai-loat.
Khi ¢6 nhitng loat chay dai, viée tigt kigm c6 thé la dang ké. Co
nhigu cach dé thyc hign ¥ tudng nay, tuy thude vio cic dic trung
- cua dng dyng. (Cac loat chay ¢6 khuynh hudng tuong ddi dai hay
khong ? Cé bao nhitu bit duge dimg 48 ma hod céc ky ty dang
duge ma ?). Ta s& xem mdt phudng phap cy thé, sau d6 ban luan
d&n céc chon lya khéc.

Néu ta bist riing chudi clia chiing ta chi chita cic chi c4i, thi ta
c6 thé ma hod cde bign d8m mdt cich don gian bing cich xen ké
céc con 8§ véi cdc chit cai. Vi viy chubi ciia ching ta c6 thé duge
mé hod nhu sau :

4A3BAASBSCDABCB3A4B3CD
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Hinh 22.1
Mot bitmap cu thé, véi théng tin ding cho viée ma hod dé-dai-loat

J day “4A” o6 nghia 1a “bdn chid'A”, ... Chu y 1a khong dang dé
ma hoa céc loat chay c6 d9 dai 1 hodc 2, vi can dén hai ky ty dé ma
hoa.

Déi véi cdc tip nhj phan, mdt phién ban duge tinh ché cta
phuong phap nay duge dung d& thu duge sy tigt kidm rit ding ké.
Y tudng don gian la luu lai ciac d9 dai loat, tin ‘dung sy kién cic
loat chay thay d6i gita 0 va 1 d& tranh phai luu chinh cdc s8 0 va 1
d6. Dieu nay gia dinh ring c6 mdt vai loat chay ngin (ta tiét kiém
céc bit trén mot loat chay chi khi d9 dai cia dudng chay la I6n hon
s6 bit can dé biéu dién chinh né trong dang nhj phan), nhung
khong c6 phuong phidp ma hod dp-dai-leat nao hoat dong that t&t
trit phi hau hé&t cac loat chay deu 1a dai.

Hinh 22.1 1a mjt biéu dién “raster” cla chd céi “q” nAm trén
canh d4y cia né; day ia biéu dién cia kidu thdng tin ma né6 cb thé
duge xit 1y bdi mot he dinh dang van ban (vi du nhu he dugc ding
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d€ in quyén séch nay); & bén tay phai 1a mot'danh sach cdc s8 duge
dung dé luu céc chit cai trong mot dang duge nén. Nghia 13, dong
dau tién gom c6 28 s§ 0, theo sau 1a 14 s§ 1, roi tidp theo sau 1a
chin 58 0 khic,... 63 s§ 46m trong bang nay cbng véi s3 bit trén
mot dong (51) sé chida di thdng tin d& xay dung lai mang bit (dac
bigt, luu ¥ 1a khong can o6 ky hidu “cudi-tap” (end-of-file). N&u 6
bits duge ding dé bi¢u dién cho mdi s8 d&m, thi toan thé tap tin s&
duge bi€u dién bang 384 bits, tigt kidm thuc sy so véi 975 bits can
dé chita chudi mdt cich tudng minh.

Viéc ma hod dp-dai-loat cin d&n cic bi€u didn ridng bigt cho
tp tin va cho ban d4 duge ma hod clia né, vi vay né khoéng thé
ding cho moj tap tin. Digu ndy c6 thé 1a hoan toan bit Igi: vi duy,
phuong phap nén-tap-tin-ky-ty da duge de nghj & trén sé khong
ding duge ddi vdi cdc chudi ky ty c6 chia s8. Néu nhing ky ty
khac dugc s dyng dé ma hos cic s8 d&m, thi né sé khong lam vide
duge ddi véi cdc chudi chda cic ky ty d6. P& minh hoa mot cich
ma hod bt ky mot chudi ndo tit mot bang chit csi ¢f djnh bing
cich chi ding cdc ky ty tit bing chi cai do, ta sé gia dinh ring ta
chi c6 26 chi cii trong bang chd edi (va cde khoang trong) @8 lam
vige.

Lam th& nio ta c6 thé tao ra mdt vai chit cii bidu didn cic s8
va vac ky ty khac biéu dién cdc phan cia chudi s duge ma hoa ?
Co mét 16t gidi 1a ding mét ky tu duge goi la mot ky tiy “escape”.
Méi mot sy xudt hign cia ky ty d6 béo hidu ring hai ch cdi k&
tiép s tao thanh mot cip (s6 dém, ky tu), vdi che s§ d&m duge bitu
dién bing cach ding ky ti thi i ctia bang chit cii d& bidu dién s5 i.
Vi vay, chudi vi dy cia ching ta sé duge bidu dién nhy sau véi Q
duge xem nhu ky ty escape:

QDABBBAAQEBQHCDABCBAAAQDBCCCD

Té hop cla ky ty escape, s& dém, va mot ky ty lap lai thi duge
goi la mot day escape. Chi § rhng khdng ding @8 ma hod cac
duting chay c6 chitu dai it hon bén ky ty, vi it nhat 1a can d&n ba
ky ty d€ ma hoa bat k¥ loat chay nao.

Nhung diéu gi sé xay ra néu ban than ky ty escape xust hidn
trong day nhép vao ? Ta khong thé cung cfip mdt cich don gian dé
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bé qua kha ning nay, vi kho bac dam ring bat ki mot ky tu cy thd
nao 1a khéng thé xay ra. (Vi dy, mdt ai dé ¢ thé thit ma hod mot
chudi ma nd da duge ma hod roi). Mjt 16i gidi cho bai toan nay la
ding mdt dAy escape v6i sd d&m Ia O d€ biéu didn ky ty escape. Vi
vay, trong vi du cia chuing ta, ky ty khoang tréng (space) c6 thé
biéu dién s8 0, v day escape “<Khoang tréng>" s& bidu dién bat
ky mdt sy xudt hidn nio clia Q trong diy dua vio. That thad vi khi
dé ¥ riing cac tap tin chia Q la cac tap duy nhit dude tao ra dai
hon bdi phuong phip nén nay. Néu mét tap tin da duge nén trude
10i bay git duge nén lai [an nita, thi né sé phinh ra thém tdi thiéa
la mdt 58 ky tu biang vdi 58 day escape duge dung.

Cic loat chay rit dai o6 th€ duge ma hod véi nhitu day escape.
Vi dy, mdt loat chay gom 51 chi¥ A 58 duge mi hoa nhu QZAQYA
biing cach dung quy ude trén. Néu nhiéu loat chay rit dai duge
mong mudn, sé bd cdng khi danh ra nhizu hon mot ky ty 48 ma
hoa cho céc 58 d&m.

Trong thyc hinh, nén lam cho céc chudng trinh nén lin
chuong trinh bung o6 mdt cdi gi 46 nhay bén véi cic 15i sai. Piau
nay o6 thé duge thyc hign bing cich thém mét lugng nhd théng
tin du thita vao trong tap tin 43 duge nén sao cho chuang trinh
bung c6 thé chju dugc mdt sy thay d6i phu tinh cif xay ra trén tap
tin gita lic nén va bung. Vi dy, c6 the bo cdbng khi diat cac ky ty
“cudi dong” (end-of-line) viao ban da duge nén cua ky ty “q” ¢
trén, sao cho chudng trinh bung c6 thé ty dong bo lai trong trudng
hgp c6 mot 16i sai.

M4 hod dp-dai-loat khong 6 hidu qué dae bigt d&i vdi cac tap
tin van ban do ky ty duy nhat rit hay dugc Iap lai la Xhoang tréng,
va 06 nhitng phuong phap don gian hon d8 ma hod cic khoang
trong duge lap lai nay. (xua kia né da duge ding vdi vu diém 1én d8
nén cac tip tin vin ban duge tao ra bing cich doc vao trong
punched-card deck, chic chiin c6 chia nhitu khodng tidng). Trong
cdc he th&ng hién dai, cdc chubi khoang trong duge lap lai thi
khéng bao git dudce luu tr¥ : cdc chudi khoang tréng Lip lai § noi
bt dau cia cdc dong duge méa hod nhu cic ky ty “tab” va cic
khoang trong & cudi clia cdc dong s2 duge tranh bing cach dung
cdc déu higu “cudi-dong”. Mot chi dat cho viec ma hoa dd-dai-loat
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gidng nhu chi dat & trén (nhung duge sita ddi dé kidm soat tit ca
che ky ty hign c6) s& chi tiét kim khoang 4% khi duge ding trén
tap van ban cho chuong nay (va sy tidt kigm nay tit ca deu xust
phat ti thi dy vé chi “q” !).

- ~ b ~ A

MA HOA DO DAI BIEN DONG

(Variable-Length Encoding)

Trong phin nay ta sé xdc dinh mdt ky thuit nén-tap cb thé tist
kigm mét lugng chd dang k& trong céc tap tin van ban (va nhidu
loai tap tin khéc). Y tudng 14 ti bd phudng phap luu trit ma céc tap
tin van ban thudng sit dyng : thay vi thutng ding 7 hay 8 bit cho
mdi ky ty, thi chi ding mot vai bit cho cac ky ty xust hign thudng
xuy®n va ding nhieéu bit hon cho cde ky ty hi®m khi xuét hign.

8¢ 1a thuin lgi d€ xac djnh xem ma da duge ding nhu thé nao
trén mdt vi du nho trudc khi xét xem né duge tao ra nhy thg nao.
Gia s ta mudn ma hoa chudi “ABRACADABRA”. Ma hod né
trong dang mé nhj phén cb dong chuin cia ching ta vdi bidu dién
nhj phan 5-bit cia i biéu difn ky ty thi i clia bang chit c4i (0 thay
cho khodng trdng) sé cho ra déy bit sau day :

0000100010100100000100011000010010000001000101001000001

DE “gidi ma” théng diép ndy, don gidn la doc ra nam bits &
ting thai diém va chuyén ddi né tuong ng v6i vidc ma hod nhj
phan da duge dinh nghia & trén. Trong ma chudn nay, chit D xust
hign chi mét Ian, s& can mot s§ hugng bit gifing nhu A, xust hign
nim {an. V6i mot ma d9-dai-bign-dong, ta o6 the dat duge su tidt
kidm vé chd bing cach ma hoa che ky ty thuing duge ding véi
cang it bit chng t8t, sao cho téng s§ c4c bit duge ding cho thong
diep ia tdi thidu.

Ta o6 thé thit gin céc chubi bit ngin nhit cho cic ky ty duge
diing phd bign nhdt, mihod AL 0,B1a1,R15 01, C1x 10,vaD Ia
11, nhu the ABRACADABRA sé duge ma hod thanh

0101010011 01010
Vi dy nay chi diing 15 bits so v6i 55 bits nhu & trén, nhung né
kbong thyc sy 1a mét ma vi né 1 thude vio cic khoing tréng d8
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Hinh 22.2 Hai tries ma hot cho A,B,C,D va R

phan cich cic ky ty. Néu khdng 6 khodng trdng, chudi
010101001101010 c6 thé duge ma hod nhu RRRARBRRA hay nhu
nhidu chudi khac. Vin nhu vay, s8 dém 15 bits cong thém 10 k¥ ty
phan cich thi cd dong hon ta ma chudin, chd y&u la do khong o6 bit
nao duge dung d€ ma hod cic chit cai khong xu#t hign trong thong
diép. D& cho cong bang, ta cing can dém cac bit trong chinh mi
d6, vi thong diép khong thé duge ma hoa ma khdng b nd, vd ma
thi phu thudc vao thong diep (cic thong diep khdc sé o6 cac fan s§
diung cde chit khac nhau), Ta $2 xem xét két qué nay sau; hién tai
ta dang quan tam xem o6 thé cb dic thong digp & mie @6 nao.

Pau tién, cdc diu phan cdch 1a khong can thigt ndu khong cb
mé ky ty nao la tign t3 (prefix) cha mdt ma khic. Vi dy, ndu ta ma
hod A la 11, B 1a 00, C la 010, D la 10, va R Ja 011, thi chi 6 mdt
cich d& giéi mé chui 25-bit ;

1100011110101110110001111

Mot céch dé dang dé bidu dién ma Ia bling trie (xem Chuang
17). 'I‘h\rc vy, bat k¥ mdt trie ndo v6i M niit ngoai cé thd duge
diing d€ ma ho4 bt ki modt théng didp nao véi M ky ty khic nhau,
Vi dy, Hinh 22.2 cho thiy hai mid o6 thé dugc dung cho
ABRACADABRA. Ma cho mbi ky ty duge xdc dinh bdi duting din
{path) tir gdc téi ky ty 46, vdi 0 danh cho “di sang trai” va 1 danh
cho “di sang phai”, g16hg nhu tmng mdt trie. Vi vay, trie 5 ban
trdi dng vii ma ducc cho & tn‘én trie ¢ bén phai tng v4i ma sinh ra
chudi

01 1010011 11011100110100

ngén hon hai bits. Vigc biéu dién theo trie bdo dam riing khéng
o6 ma ky tu no li tign t3 clia mot cii khac, nhu the chudi 1a c6 thd
duge giai mi mdt cich duy nhét tir trie. Bat dau ti gdc, di xudng
trie tudng dng véi cic bit cla théng digp : mdi khi mdt nit ngoai
bj bit gap, ta xulit ra ky ty & nuit 46 va bt dau 1ai & gée.
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Nhung ding trie ndo la t6t nhit ? C6 mdt cach phit hgp dé
tinh todn mot trie ma né din tdi mot chudi bit cd 46 dai t5i thidu
cho bat ky mt thong digp dinh trude nio. Phudng phép tdng quat
dé tim ra ma da duge khim pha bdi D .Huffman vio nam 1952 va
duge goi 1a mA hoa Huffman (Cai dat ma ta sé xdc dinh ding mot
k¥ thuat thuit toan hién dai hon).

XAY DUNG MA HUFFMAN

Budce dau tidn trong viec xdy dyng ma Huffman la dém thn s8 clua
mbi ky ty trong théng &i¢p sé duge ma hoa. Chuong trinh sau day
d8 vao mbt mang count{(.26] cac s§ d&m {an s8 cho mot théng
diép trong mdt mang ky ty a[1..M]. (Chudng trinh nay ding mot
thi tyc index da duge md ta trong chuong 19 d€ gid s6 d¥m tan 3
cho ky ty thy i cia bang miu ty trong countfi], véi count[0] duge
dung cho cdc khoang tréng).

for i: =0 10 26 do countfif:=0; h
for i:=1 to M do count{indextafi]) ) =countfindextali )]+ 1,

Vi dy, gid sif ta mudn ma hod chudi

A SIMPLE STRING TO BE ENCODED USING A MINIMAL
NUMBER OF BITS.

Béang s6 dém sinh ra duge minh hoa trong Hinh 22.3 : ¢6 11
khoang tifing, ba chit A, ba chi B,..

Budc k& la xiy dyng trie ma hod tir dudi len tuong dng vdi cic
tan s8. Trong vige xiy dyng trie, ta s&@ xem né nhu mot ciy nhj
phan véi cdc tan s8 duge chifa trong cic nit : sau khi n6 da duge
xAy dyng ta s& xem nd nhu mdt trie cho viée ma hed, nhu & trén.
Dau tién mdt nit cia cay duge khdi tao cho mbi moét thn so khdc 0,

AHBOCDEY GH L JELMNSDF GRS TL YW XY 7
k 6 1 23 4 5 6 7 & IO 121713150 J'a'-l'd 1S2021 22232525
countfhf 113 3 0 285 1 2 06 060 %7506 24 EPELOO &

Hinh 22,3 Cac s6 dém tin s6 cho A SIMPLE S TRING TO BE
ENCODED .
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nhu duge minh hea & bén trdi, trong dong dau tién cia hinh 22.4
trang sau {tht ty xuit hién cdc mit duge xdc dinh bdi tinh chit
dong cua thuit todn duge mo ta dudi day, nhung né thi khong dic
bigt thich hgp v6i thao luan hién nay). Sau d6 hai nit 6 fan s8 nhé
nhét duge tim thiy, va mot nit mdi duge tao ra véi hai nit con la
cac nuit 46 va véi gid tri thn s8 | tdng cha che gid trj cia cic con.
Diéu nay duge chi ra & ben phai trong dong dau tien cfia hinh 22 .4
(Khéng c6 vén dé la ndt ndo sé duge ding n&u nhy 6 hon hai niit
06 tAn s§ nhd nhit). Koi hai nit méi véi fan s8 nhd nhat trong
ritng d6 lai duge tim thdy, va mot nit méi duge tao ra theo cling
- mbt cich, nhu duge minh hea trong hing thit hai ca hinh 22.4,
bén tay trai. Tiép tuc theo cich nay, ta xay dung nén céc ciy con
nghy cang Ién hon va dong thui giam bét duge s6 ciy trong ring di
mdt d modi bude (bét hai, them mdt). Cusi cling, tit ca cde nit duge
t3 hop lai véi nhau thanh ra mét cay duy nhit.

Chi y la cc ndt § trong chy mi e6 tan s§ thap thi s& nim xa
gdc hon va cdc ndt v6i tan s5 cao 8 nhm 8 ghn goc clia chy hon.
Con s8 diing d& danh nhin cdc mit ngogi (hinh vuéng) trong ciy
nay la mit s& d€m tin s&, trong khi con 8 ding d€ d4nh nhan mdi
mét ndt ndi (hinh tron) 1A tdng cla cdc nhin cla hai mit con cia
né.

Bay gis, ma Huffman duge phat sinh mot cich don giin biing
cdch thay the cic tin s§ & cic mit ddy bang cic chit cii tucng dng
va sau d6 coi ciy nhu mit trie md hod, vdi “tréi” dng véi mot bit
mé la 0 va “phai” ¥ng voi mot bit ma la 1, ding nhu & trén. Trie
cho vi du cia ching ta duge minh hoa trong hinh 22.5. Ma cho N
1a 000, mé cho I Ja 001, mi cho C 1a 110100,... 88 nhd nhm trén
mdi nit trong cay nay 1a chi myc trong ming count, & dé tan s
duge luu tri, dung dé tham chitu khi ta xem xét chudng trinh xiy
dung cay sau day. Vi vay, vi dy, count{33] la 11, Ia t8ng ciia cdc s8
dém tan s8 cho N va I {cting xem trong hinh 22.4),... ‘

R6 rang la éic chit cii vdi thn s3 cao Ix ghn gfc cla cay hon va
dugc méd hod béng it bit hon, vi vay day 13 mot ma tot, nhung tai
sa0 no6 lai la ma tot nhit ?
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Hinh 22.4 Vigc xay dr.zﬁg mét cdy Huffman
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Hinh 22.5 Trie ma hod Huffiman cho cau A SIMPLE STRING TO BE
ENCODED. ..

TINH CHAT 22.1 D dai ciia thong dip duge ma hod la bing
véi do dai duwong dan ngogi dwge ldy trong (weighted external
path) cua cay tan sé Huffman.

“Do dai dudng dan ngoai duge 1iy trong” ciia mot cay la téng
cua tich tat ca cic “trong s8” (s5 d8m tan s§ tudng Wng) ciia cic
niut ngoai véi khodng cich téi gfc. R6 rang, day la mot cach d&
tinh do dai cla thong digp: N6 tuong duong véi tdng s5 [an xuit
hign trén tit ca cdc ky ty nhan véi s8 bit ctia sy xuat hién dé.

TINH CHAT 22.2 Khong c6 cay nao véi cic fan s5 giong nhau
trong cac nut ngogi lai cé duvng dan ngoai dugc Idy trong la nhé
hon cay Huffman.

Bt ky mot cay nao ciing c6 thé duge ciu tric lai bi cing mjt
tién trinh ma ta dung dé xay dyng cay Huffman, nhung khdng can
thiét phai nhit ra hai nit c6 trong nhd nhit & mdi budc. Cé thé
ching minh quy nap la khong c6 chién luge nao c6 thé 1am t&t hon
chién luge nhit ra hai trong s& nhd nhat dau tién.

Mb ta & trén cung clp mdt cai sudn tdng quat cich lam thé nao
dé ma hoa Huffman, theo thuit ngi cla céc thao téc thuat todn
ma ta da nghién ciu. Nhu théng 18, vide chuyén tit mot md ta tai
mot cai dat thyc sy la khd gido dieu, do dé ta s xem xét cic chi
tiet cia sy cai dat ngay sau day.
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CAl DAT

C#u tric clia cay tan s 6 lien quan dén tign trinh tdng quait aé
logi bé phan ti nhd nhit ti¥ mot tap cdc phan ti khong dugc sip
thit ty, nhu th ta s& diing mdt thi tuc pgdownheap cda chuong 11
a8 xay dyng va duy tri mdt heap gmn tiép trén cac g'la trj tan s8.
Vi ta quan tam dau tién la t8i cic gia tri nho, ta sé gia dinh ring ¥
nghia clia céc bat ding thiic trong pgdownheap da duge dio nguge.
Mot thuan l¢i clia vidge ding tinh gidn ti®p nay la d& dang bo qua
cdce s8 d&m tan st 0. Hinh 22.6 chi ra heap duge xAy dung cho vi
du clia ching ta : Dic bigt, heap niy duge xay dyng bing cach
trude titn khdi dong mang heap cho trd tdi chc s§ d8m tan s8 khic
0 vh sau d6 diing tha tuc pqdownheap clia chuong 11, nhv sau :

N:=0;
for i:=0 to 26 do
if countfi]< >0 then
begin N: =N+ 1I; heap/N] =i end;
for k=N downto I do pgdownheap(k);

Nhuy da dé cip & trén, ditu nay gia dinh ring ¥ nghia cua cdc
bat dang thyc trong cii dit cla pqdownheap di duge ddo ngugc.

Bay gig, dung thd tye ndy dé xiy dung ciy nhu & trgn thi don
gian: ta Iy hai phan t nho nhat ra khéi heap, cdng ching lai vdi
nhau vi dat k&t qua trd lai vho trong heap. G mbi bude, ta khdi tao
mbt 56 dém méi, va giam b6t kich thude cia heap di mdt. Tien
trinh nay tac ra N-1 s& d&€m mdi, mdi cii cho mjt trong chc nit
ndi cua cay dang duge khdi tao, nhu trong dogan chudng trinh sau
day :

1 2 3 4 5 6 7 & 5 10111213 5915 16 17 15
heapft] 3 76211205 6209 413145 218191 0
counttheapfl] 1 2 1 2 2 3 I 3 6 2 4 5 5 3 2 4 3N

Hinh 22.6 Heap khdi ddu (gién tiép} cho viée tgo ety Huffman
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repoeat
t:=heapl 1] heapf1):=heap[N] N-=N-1 N
padownheap(l);
count{26+ N =countf, heap{11{+countft):
dadf{t]: =26+ N; dadfheap{1]}-=-26.N;
heap{1]: =26+ N; pgdownheap(1);

until N=1;

dad{26+ N}-=0;

Hai dong dau tién cia vong lap ndy chinh la pqremove; kich
thude cla heap duge giam di mot. Sau d6 mdt mit ndi méi duge
“khdi tao” vdi chi myc 26+N va duge cho mot gi4 tri bng vai
tdng clia gia trj ntim & goc voi gia tr] vita duge loai ra. Sau dé ma
niy duge dit & gic, do d6 tang dd wu tidn cia né len, vi viy can
dén mdt lenh goi khic t8i pqdownheap 48 phyc hdi lai trat ty
trong heap. Ban than cly duge bifu dién bdi mot mang cic lisn ket
“cha con” : dad[t] ta chi muc ciia cha ciia ndt ma trong s3 ciia né &
trong count(t]. Diu cia dad{t] chi ra khi nao nit A con trdi hay
con phai clia nit cha ciia né. Vi dy, trong ciy & trén ta o6
count{30)=21, dad[30]=-28, va count[28]=37 (chi ra ndit c5 trong
21 s& ¢b chi myc 13 30 va d6 1 con phai clia mt cha c6 chi myc 28
va trong 37). Hinh 22.7 cho mang dad cho cdc nit ndi cua cay
trong hinh 22.5.

Doan chuung trinh sau xay dyng ma Huffman thyc sy, nhu da
duge bidu dién bdi trie trong hinh 22.5, tir bidu difn ciia chy ma
héa da duge tinh trong tign trinh sang lpe. Ma duge bidu dién bi
hai méng: codelk] cho bidu dién nhj phan cia ky ty thd k va len[k]
cho s3 bit ciia codelk] ding trong ma. Cho thi dy, 114 cha tha 9 va
¢b mié 001, nhu thd code[9}=1 v len[9]=3.

i 27 28 29 30 31 37 33 37 35 36 37 I I 40 4 47 43
countik} 60 37 23 2 16 121 10 F E € § £ 4 ¢ 3
dadft) 027 37 .35 24 .0¢ 3% 30 .31 37 37 -37 .3 35 36 .35 3%

Hinh 22.7 Biéu dién méi lién kit cha con ctia cfly Huffman
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for k:=0 to 26 do
if count{kJ=0 then
begin codefk}=0; lenfk]: =0 end
else
begin
t:=0; j:=1; t: =dad{k]; x:=0;
repeat
if t<0 then begin x;=x+j; t:=-t end;
t=dadft]: ji=j+j =i+ 1
until t=0;
codelk] =x; len{k]:=i;
end;

Cufi cing, ta o6 thé ding céc bidu dién cla ma da duge tinh
nay 48 ma hoa thong digp :

forj:=1toM do
for i: =lenf{index(afj])] downto 1 do
write(bits(codefindex(olj)]i-1,1):1);

Chwong trinh nay diing thi tyc bits $f cAc chuong 10 va 17 &
truy xufit cic bit don 1&. Théng ditp miu cla ching ta dugc ma
hod chi trong 236 bits so véi 300 bits duge ding cho vige mi hod
don gidn, tiét kigém khoang 21% :

011011110010011010110101100011100111100111011101110010
110100111010111001111300000110100010010110110010110111
00011111110110111101000100000110100110100011110001000
0101001011100101111110100011101110101001110111001

L
Bay gits, nhu da duge d2 cip 6 trén, cay phai duge cit hay gli
di cing vdi thong digp dé gidi ma né. May mén thay, dieu nay
khéng thé hién bit ky mdt khé khin thye sy ndo. Thye sy chi cin
chia mdt mang code, vi trie tim ki#m theo og s8 (radix search
trie), phat sinh tif viec chén cic dau vio {entry) cla mang 46 trong
mdt cAy rbng khdi dau chinh Ia ciy gidi ma.

Vi vy viee tigt kigm bd nhd da duge din chitng 3 trén 1a khéng
hoan toan chinh xéc, vi thong digp khong thé duge gidi ma ma
khong o trie va ta phai k&t todn phi tén Ivtu trie (i.e, mang code)
cing vdi thong digp. Ma hod Huffman vi viy chi ¢6 hidu qua ddi
véi cac tap tin dai & 46 vige tigt kigm trong thong digp 1 dd @€ den
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bu lai cdc phi tén, hay trong céc trudng hop & 46 trie ma hos cb thé
duge tinh todn trude va duge ding cho mdt s8 lugng I6n cac thong
digp. Vi dy, mot trie dya trén tan s§ xust hién cda cdc chi cdi
trong tisng Anh cb thé duge ding cho céc tai ligu van ban. D&} véi
vin d& dé, mjt trie dya trén tAn s5 xust hign cla cic ky ty trong
cdc chuong trinh Pascal ¢6 th8 duge ding cho cdc chuong trinh
ma hod (vi du, “;” 1t c6 th€ 1A nim gan dinh clia mdt trie nhu
v@y). Mot thudt todn ma hod Huffman tist kigm khodng 23% khi
thyc hign trén van ban cia chuong nay.

Nhu trude day, d8i voi cic tap tin nghu nhién thye sy, thi ngay
€4 co ciu mi hod khon ngoan hon ndy ciing sé khdng hoat dong
duge bdi vi méi ky ty sé xuit hign x4p xI cling 8 [an, ma né sé din
t6i mot sy ma hod can bing hoan toan va mjt 56 lugng bits biing
nhau cho mbj chi céi trong ma.
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BAI TAP

1. Cai dat céc. thi tyc nén va bung cho phuong phip ma hod
do-dai-loat d6i voi mdt bing méu ty o8 djnh duge md ta trong
tai lidu, s dyng Q nhu mjt ky ty escape.

2. Lidu “QQ” o6 the xay ra & dau 46 trong mdt tip tin da duge nén
béi phuong phép 43 duge mbd ti trong bai hay khong ? C6 thé
xuit hign “QQQ” hay khong ?

8. Cai dat cdc thuat todn nén vh bung cho phudng phip mé hod tip
tin nhj pban da dugc md t& trong bai.

4. Chu cAi “q” duge cho trong bai o6 thé duge xid 1y nhy mot diy
chc k¢ ty 5-bit. Hay thif trinh bay cdc ¥ kign thuan va ching vé
cich lam nhyu vy dS Jang wot phuong phap ma hod do-dai-logat
dya-trén-ky-ty (characwvd-base).

5. Hay minh hoa ti€n trinh khdi tao khi phurmg phip da ding
trong bai hec duge ding dé xAy dyng cAy md hoa Huffman cho
chudi “ABRACADABRA”. Thong di¢p da dude ma hud ¢in bao
nhisu bits ?

6. Ma Huffman cho mdt tip tin nhj phan la gi ? Hay cho m{t vi
dy minh hoa 88 bits t5i da ma né o6 thé duge ding trong mdt
ma Huffman d8i vdi mdt tip tin tam phan (3-gid tri) N ky tu.

7. Gia s ring cdc fan sd xuiit hién cla tht ca cdc ky ty sé duge ma
hoa 1 khic nhau, Cay mi hod Huffman c6 a duy nhit khong ?

8. Ma ho& Huffman c6 thé dugec mé mng theo mot cich don gian
d& ma hod thanh cic ky ty 2-bit (dung cic cly 4-duing (4-way
tree)). Uu diém va nhuge diém chinh ctia cich lam nay la gi ?

9. Kétaqua clia vide ngit mdt chudi duge-ma-theo-Huffman thanh
cdic ky ty 5-bit va gidi-ma-Huffman cilia chudi 66 la gi ?

10. Cai dat mot thi tuc dé gidi mad mdt chudi duge-mi-theo
-Huffman, cho trude cic mang code va len.
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Trong chuong trudc ta di xem xét cic phudng phip ma hod
cdc chudi ky ty 48 tiét kigm ché. DI nhitn, c6 mdt 1y do khdc rit
quan trong d€ ma hoi cac chudi ky tu : bdo mat cho ching.

Mat mé hoc, nghién ciu cic he thdng ding cho vige truyen
thong bf mit, gom o6 hai linh vwc nghién cifu : MAt ma hoc
(cryptography), thiét k&€ cic h2 truyén thong bi mit, va gidi ma hee
{cryptanalysis), nghién ciu cic phuong phip d€ gidi ma cac he
thdng truyén thong bi mat. Mit mé hoc chi ydu da duge 4p dyng
trong céc hg truyén thong quin sy va ngoai gino, nhung cic 4p
dyng c6 y nghia khic cing dang trd nén 16 rang. Hai vi dy chinh
Ia céc h2 théng tap tin mdy tinh (trong d6 mdi ngudi sit dyng thich
gitt riéng cac tp tin cia ho) v eie b2 chuyén ngin dign t& (o6 lien
quan d€n nhing lugng tien rdt 16n). Mot ngudsi sit dyng may tinh
chi muén cit gid rieng cic tip tin may tinh cda minh cing nhu 83
cit cdc gifly tO trong ti hd su, vi mit ngan hang thi mudn viee
chuyén ngan dign tf s& an toin nhu la duge chuyén ngin bing xe
boc thép vay.

Ngoai trif cdc Wing dung quiin sy, ta gia dinh ring cdc nha mat
mé hoc l “loai nguti tot” va cac nhd gidi ma hoe la “loai nguvi
xfu” : myc dich cia ching ta 1a bio vé cdc tip tin mdy tinh cia
minh va cdc tai khodn ngin hang chdng lai cic tdi pham. Néu
quan diém nay c6 mdt vé gi d6 khéng than thien, thi phai lwu §
(ma khong qua triét Iy) I, bing cich s¥ dyng mjt ma hoe, ta dang
gid dinh 14 o6 tOn tai nhimg méi quan hg khong than thien | Di
nhien, “loai ngudi t5t” phai Litt mdt cdi gi d6 vé cdc nha gidd ma
hoc, vi cich t8t nhit d€ bio dim mdt he théng 1a an toan la tu
minh thi giai mé né. (Cing nhu viy, c6 nhizu thi dy vé cdc cude
chign da qua, treng d6 c6 nhitu sinh mang da duge afu song, Ia
nhd & sy thanh edng ciia vide gidi ma).
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Mat ma hoc c6 nhidu mdi lign he gin giii véi khoa hoc mdy tinh
v vl cdc thuat todn, dac bigt 1A cdc thuit toin s8 hoe va
xt-ly-chubi ma ta di nghién citu. Thit viy, nghe thuit (hay khoa
hoe ?) mat ma o6 mdt mdi lizn he mat thidt vi cdc midy tinh va
khoa hoc mdy tinh ma né chi mdi bt dau duge hidu mot cich day
&i. Gitng nhu cic thuat todn, cic hg mat ma da xuit hign tir rit
lau ddi so vai cic mdy tinh. Vige thigt k& he thf)’ng bdo mat va vige
thigt k& thuat toan c6 mdt di sin chung, va né bl cudu cung mot
ngudi vao ci hai linh vyc nay.

Khong rd 1a nginh nio clia mat ma hee da bj &nh hudng nhidu
nhit bdi tinh kha dung cia cic mdy tinh. Cac nhi giai ma gits day
o6 duge nhing cai mdiy mdt ma khd dung manh hon trude diy
nhi2u, nhung git day ho ciing c6 nhieéu chd d& tgo ra 16i hon. Céc
nha gidi ma hoe ¢6 nhidng cdng cy manh hon nhizu 4& bé khod céic
‘ma so vii trude day, nhung cic ma bj bé s& phite tap han. Cée nha
mat ma hoc o6 the phai sit dung dén mdt ngudn thi nguyen lén dd
tinh todn; 46 khong chi 1A mat trong s cic linh wyc wng dung dau
tién cho cic mdy tinh, ma dé vin cdn 12 mdt linh wye Ung dung
chu y&u cho cic sidu may tinh hign dai.

Gan day hon, vige st dyng rong rai may tinh 4a diin tai sy xudt
hién hang leat cdc dng dung mdi quan trong cho miit ma hoe, nhu
da duge dé cap & trén. Gan day cdc phuong phip mit mia mdi da
dugc phat trién phi hgp véi cic dng dung nhu vay, vi nhitng ing
dyng nay da dan tdi sy phat hién ra mdt méi quan h¢ nén ting
gida mat ma hoe va mit linh vye quan trgng khoa hoe may tinh 1y
thuy&t ma ta s& xem xét mdt cich ngfhn gon trong chusny 45.

Trong chuong nay, ta s& xem x6t mot vai dic trung ¢d ban cla
cic thuat todn mat mA. Ching ta s8 cf ging khong dho shu vao
vidc cai dat chi tigt: mat ma hoc la mdt linh vye djc thi s duoe
danh cho cdc chuyén gia. Trong khi khong o6 gi 1a kho khin dé
“git cho con ngudi duge Iudng thign” bing cdch bde mit moi thid
véi mét thut todn mat ma don gidn, tuy nhién that mno hiém khi
dya v mdt phuong phdp duge cii dat bdi mdt ngudi-khong- phai-
chuyén-gia.
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QUY LUAT CUA TRO CHOI

Cac thanh phan cg sd din tdi vige cung cip mét phudng tien cho
vigc truyn thong an toan gitia hai c4 nhan duge goi mot cich chon
loc 1a mot h¢ mat ma. Cau tric tidu chudn cia mot he mat ma dac
trung dude vé trong hinh 23.1.

Noi gii (sender) gii di mot thng diep (duge goi 1a vin ban
that (plaintext)) cho noi nhin (receiver) biing cich bidn 48i van
ban that thanh ra mot dang bi mat thich hop cho vige g di (duge
goi 13 van ban ma (ciphertext)) biing edich ding mét thuit todn
mit mi (phuong phip mit ma) vA mdt vhi tham s§ chia khoa
(key). D€ dyc thong digp, noi nhin phii c6 mét thuat toin mit ma
tuong xdng (phueng phdp giti mi) cling véi cdc tham s chia khod,
ma n6 sé bi€n @i vAn bin mi trd lai thinh ra van ban that, la
thong digp. Thong thudng ta gid dinh Ia van ban ma duge gii tren
céc dudng truyén khong an toan vh khi dung d5i vai ngudi giai
ma. Thudng ta cing gia dinh Ia cdc phuong phép mat ma va giai
mé 1a déu quen thugc ddi voi ngudi gidi ma : myc dich cia anh ta
la khdi phyc lai van bAn thit ti van ban ma ma khong bigt cac
tham 8 chia khod. Nhu mit quy lujt 1a cang ¢b nhidu tham s¢
chia khod thi h¢ mat ma lai ¢hng an toan nhung lai chng bt tién
khi st dyng. Trudng hgp niy cling gidng véi cic he théng mat ma
quy udc khac: mdt syt an toan t& hap thi an toan hon véi nhigu con
s3 hon trén khod t8 hap, nhung lai khé nhé duge 3 h¢p khéa d6
hon. Song song véi cac he thing quy wée ciing cAn nhic nhd ring
bdt ky mdt he mat ma nio cing chi la dang tin cily ngang véi
ngudi 3 hitu khod do.

Sender [

Hinh 23.1 M)y hﬁ mdt ma dc irnung
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Pigu quan trong la nhé fing cic van dé kinh t& dong mot vai
trd trung tam trong cic he mat ma. C6 mot 1y do kinh t& dé xay
du’ng cac thift bj mat mi vi gidd ma don gidn (vi o6 the nhigu thidt
bi can duge cung cAp vi cic thzet bi phm: tap chi phi nhigu hon).
Cing vy, 6 mdt 1§ do kinh t& dé lam gidm bdt lugng thong tin
khod s& duge phan phéi (vi modt phuong phdp truyén thdng riit an
toan va tén kém phai duge st dyng). Can dai gita chi p'm chi dat
che thuat todn va viéc phan phoi thfmg tin khod la lugng tidn ngusi
gidi ma s phai sin Iong b4 ra d8 md khoa hé thdng. Da&i véi hau
h&t cdc ap dyng; 46 1A muc ticu cla nha mat ma hoc dé phat trién
mot he thng chi-phi-thip vil dac tinh 1a né sé Jam cho nha giai
ma hoc phai t8n kém hon nhidu so vdi cii gla ma anh ta sin sang
b ra dé doc duge thong ditp. DI vai mdt vai dng dung, 6 thé cin
d&n mdt h2 mat ma “an toan tuydt dai” : mdt hé ma d6i vdi nd ta
o6 thé bdo ddm rang nba gini ma hoc b thé khong bao gity doc
duge céc thong bdo cho dit fmh ta ¢6 sfin sing chi phi nhu thg nao
di nita. (Cac giai thudng. rit cao trong mit vai dng dyng cliia mit
ma hoc 4m chi mot cich ty nhién thng nhing lugng tién riit 1n s
duge s dung cho cie nha gidi ma hoc). Trong thidt k& thuit todn,
ching ta c6 thé git lai thong tin vé cic chi phi d& gidp ta chon
dugc cac thuat toin t8t nhit; trong mit ma hoc, chi phi dong mot
vai trd trung thm trong ticn trinh thidt ke

CAC PHUONG PHAP DON GIAN

Trong s8 cic phuong phip don gidn nhit (vA xua nhit) ding 48
bao mat 13 mat mi Coesar : néu mdt chit cdi trong vinn ban thit la
ky ty thi N trong bing mi u ty, thi thﬂy né bing ky ty thu (N+X)
trong bang méu ty, trong d6 K 1 mat s8 nguyén khong ddi ndo dé
(Caesar da ding K=3). Bing dudi diy cho thiy lam th& nho mit
t.h&ng digp duge imd hod bing cich dung phudng phip nay vdi

Vin ban thit : ATTACK uATWDAWN
Van bdn ma : BUUBDLABUAEDR XO
Phudng phap niy y&u vi ngudi gidi ma chi phai dodin gii trj coa
K: bing cich th titng truding hop mot trong 26 céch chon, anh ta
¢6 thé bao dam riing anh ta s doc duge thong digp.
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Mot phuong phép t8t hon nhidu 1a ding mot bang tdng quat a8
dinh nghia sy thay thé s& duge tao ra : d8i v6i mdi chit cii trong
van ban that, bang s& cho bigt chit cdi ndo s8 duge dat vao trong
viin ban ma. Vi dy, néu bang cho sy tucng dng

+vABC DEF GHI JKLMN OPQRSTUVWXYZ
THE. QUI CKB ROWNF XJMPDVRLAZYG

thi thong diép duge ma hod nhy sau-:

Van ban that : ATTACK JATJDAWN
Van ban ma : HVVH.OTHVTQHAF
Céch nay manh hon nhituso vdi mat ma Caesar don gian, vi
ngudi giai ma sé phai thit nhidu bang hon (khoang 27!>1028) a8
bao dam doc duge thong digp. Tuy nhién, cic by ma “thay the don
giAn” ging nhu b) ma nay thi d& dang bj mé do céc tan s8 chi cai
vdn cb trong ngdn ngi. Vi dy, vi E 1a ky ty thong thudng nhat
trong véin ban ti€ng anh, nguti gidi ma o6 thé nhan duge mét diém
khdi dau t8t khi doc thong digp bang cach tim chi cdi thuting xust
hign nhét trong van bdn ma v thay n6 bing E. Trong khi dieu nay
o6 the khong han 13 mdt chon lya ding, nhung né lai dac bist tat
hon vige thi tat cd 26 chi cdi mét cich md mam. Truing hop tét
hon nia (cho ngudi gisi ma) la khi bit gip céc t8 hgp hai-chid-cai
(digram): cdc digram cy thé (nhu QJ) khang bao gits x3y ra trong
van ban ti€ng Anh trong khi nhimmg cdi khic (nhu ER) lai rét phd
bign. Biing cich xét céc tAn 3 clia cic chit cAi va chc 8 hop ky tu,
mot nha giai ma hoc 6 thé md khod mdt bd ma thay th€ don gian
mot cach rit dé dang.

Mbt cach d& khi&n cho kidu t4n cOng nay trd nén kho khin hon
13 dung nhi¢u bang hon. Mat vi dy ddn gidn cia dizu nay la mdt sy
md ring cia bd ma Caesar duge goi 1a bd ma Vigenere : mét khod
1p nho sé duge ding d€ xac dinh gia trj cia K cho mbi mot ky tyr.
O méi bude, chi myc ciia chit cii khoa duge chng them véi chi muc
ky ty van-ban-that dé x4c djnh chi myc ky ty vin-ban-mé. Van
ban mau that cha ching ta, véi khoa ABC, duge ma nh sau:
Khod : AB CABCABC ABCAB

Van ban that : AT TACKwWAT..DAWN
Van ban ma : BVWBENACWAFDXP
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Cho vi dy, chit cdi cudi ciing ciia viin ban ma 1a P, 1a ch@ ca
thi 16 clia bang miu ty, do ky ty van ban that tuong ing la N
(chi cii tha 14), va chi cdi khod tudng dng 14 B (chd cAi thd hai).

B& mé Vigenere hién nhién c6 th€ dugc ché tao mdt cich phic
tap hon biing cich ding cc bang tdng quat khac cho mdi mét chit
cii clia van ban that (thay vi chi 1a cic 46 dvi don gian). Ciang vay,
hién nhign Ia khod cang dai, thi bd mé cing t6t hon. Thyc viy, néu
khod dai bhng viin ban thit, ta o6 bd ma Vernam, duge goi mot
cach phd bign hon 2 dém mot-Ian (one-time pad). Pay 14 he mat
mé an toan tuygt d3i duy nhit duge bigt, vd n6 duge ding mot
cach cdng khai cho duting day néng Washington-Moscow vi nhing
ing dung trong y&u khic. Vi mdi mdt ky tu khod duge dung chi
mdt An, ngudsi gidi ma o6 thé khdng cdn cich nio t6t han 1a thd
moi chd cdi chia khod o6 th€ o6, cho méi mét vj tri trong thing
digp, mdt truting hgp vd vong hin nhién vi di2u nay khé ngang vdi
vige thi tit cA cic thdng diep c6 the cé. Tuy nHien, ding mbi mot
chi cAi khod chi mot [an hién nhién dén téi mot bai todn phan phai
khod dich vy, va vige dém-mot-Jan s& chi hitu ich d8i v6i cdc thong
digp tuwong d8i nghn, khong thudng xuyén duge gii di.

Néu thong digp va khoa duge mé trong dang nhj phan, mét cg
ch€ phd bitn hon d€ mi hod ting-vi-trimdt 1a dung ham
“hofic-loai-try” (XOR): 48 ma van ban that , “xor” né (ting bit
mdt) vii khod. Mt dac trung hip din cia phuong phép nay Ia viee
giai ma o6 cung thao thc vdi vigc mat ma : van ban that Ja s XOR
cta vAn ban mi va khod, nhung thyc hién fan nia viee XOR van
bén ma va khéa s trd v@ vin ban that. Chd ¥ ring vide XOR ciia
van ban ma va van ban that s& 1a khod. Ditu nay thoat dau o6 vé la
ding ngac nhién, nhung thyc sy nhitu hé mat ma ob tinh chit la
ngudi gidi ma c6 thé phat hign ra khoa ndu nhy anh ta bist duge
viin ban thit. :

CAC MAY MAT MA / GIAI MA

Nhitu w@ng dyng mat ma (vi dy, cdc hg théng ti€ng néi ding cho
truyén thong quan sy) of lién quan d&n vide truyen di mot higng
16n dit ligu, va diéu nay khi&n cho vige ddm-mdt-fan Ia khong pha
-hgp. Nhitng cAi ma ta cin 1a x8p xi v6i d2m-mét-Ian trong d6 mot



CAC MAY MAT MA | GIAI MA C 397

lugng l6n cdc “chia-khod-gia” ¢6 thé duge tao ra tit mdt lugng nhé
cac khod that sé duge phan ph61

Cai dat thong thutng trong nhing trudng hgp nhy vay 1a nhu
sau: mdt may méit ma duge cung cip mdt vai bidn mat ma
(cryptovariables} (kho4 thyc) béi noi gii, dung d€ tao re mot dong
bit khod dai (khod gia), Vide XOR cia cic bit nay va viin ban that
. tao ra van bdn ma. Nmnhan cd mdt cdi may tuong ty va cdc bign
mit ma, ding chung d€ tao ra ciing dong khod d€ XOR dya trén
van ban ma va dé lay lai duge vAn ban that.

Vige tao khod trong ngt canh nay thi rdt gidng vi vidc bam va
phét sinh sﬁ"—ngﬁu nhién, va cic phuong phap duge ban luin trong
chu'ong 16 va 35 1a thich hgp cho vige phat sinh khoa. Thye vay,
modt viai co ch& duge ban luan trong chuong 35 dau tien da duge
phat trién cho viee si dung trong cac may mat ma / gidi mé nhu
nhithg céi duge md t4 & day. Tuy nhién, b phat sinh khod phai 1a
mot cdi gl 46 phic tap hon cac bo phat sinh s8 nghu nhidn, vi ¢b
nhlmg cach d8 tan cdng cic may don gian. Van de 12 ngudi gidi ma
cb thé dé dang nhan duge mdt van ban that nio @6 (vi du, nghe lén
mbt hé tigng n6i), va do 46 nhan duge mdt khod nao 6. Néu ngudi
giai ma bigt du vé may, thi khod c6 thé cung efip dd céc chi tigt ric
rdi d€ cho phép céc gia tri cia tit ci cic bifn mat ma o6 thé duge
md phong va tit ca khoa duge tinh todn bét dau tir diém dé.

Cac nha mat ma hoe o6 nhidu cich d8 tranh duge nhing vin
de nhu vay. Cé6 mét cach 1a khign cho mot b phan kign tric cia
chinh miy 46 trd thanh mét bien mat ma. Thﬁng thuiing ta g'la
dinh la nguti gidi ma bigt mei thit v& kign tric cha may (c6 thé Ia
mbt cii mAy bj danh cAp) ngoai trir cAc bidn mat ma, nhung néu
mét vai bign mat ma dude dung d8 “tao cau hinh” cho may, thi o6
thé khé tim duoc chc g.ta trj ciia ching. MOt phlmng phip khic
duge sit dyng phd bi¢n d8 lam r6i tri ngudsi gisi ma 12 bd ma sinh
(product cipher), trong dé hai may khéc nhau duge t8 hgp lai 48
sinh ra mdt dong khoa phiuc tap (hay d& didu khi€n 1An nhau).
Phudng phip khac la thay th& khéng tuyén tinh; & day viee djch
gitta van ban that va van ban ma duge thye higén trong nhiing doan
16n, khdng phai la tirng bit mét. Van deé thuting thiy d6i véi cac
phudng phip phdc tap nhu vy I ching o6 thé 1a qua phic tap



398 MATMA

ngay ci d8i vdi nha mat ma hoc d8 hidu duge nd, va ludn ludn ob
kha nang la sy vidc ¢6 thé tré nén €5i t& hon ddi véi mot vai sy lya
chon cac bign mat ma nao dé.

CAC HE MAT MA KHOA-CONG-KHAI
(Public-key cryptosystems)

Trong cac Ung dyng thuong mai nhu chuyén ngan dign ti va thu
tin may tinh (thyc sy), bai todn phan phdi khod 13 ning né hon so
véi cic dp dung mat méa of dién. Khuynh hudng cung cap cdc khoa
dai mi né phai duge thay d8i thudng xuyén cho moi oﬁng dén,
trong khi vAn tlép tuc duy tri ci tinh an toan lAn higu-qua-chi-phi,
$8 can trd rit nhidu d&n vidc phat trién cac he théng nhu vay. Tuy
nhién, cdc phuong phdp gan day duge phat trién, sé hia hen vide
logi b6 bai todn phan phdi khos mot cach hoan toan. Nhitng he
th6ng nhu vay, duge goi 13 cic hg mat ma khoa cong khai, rit cf
thé s& duge sit dung réng rai trong tuong lai gan. Mot trong nhing
diém ndi bat nhat clia cée he thong nay la dya trén mét vai thuit
toén s6 hoc ta dang nhién citu, vi vay ta s& xem xét ki hon né hoat
dong nhy thé nao.

Y tudng trong cdc he mat ma khod cbng khai Ja dl‘.mg mot
“danh ba dizn thoai” cdc khod mat mi. Khod mat mi clia 1ubi
ngudsi (ky hiéu bdi P) la tri thic cdng ehng : khod ctia mdt ngudsi o6
thé dugc Ligt k&, vi du nhu, nim k& 8 dign thoai ciia anh ta trong
cubn danh ba didn thoai. MBi ngudi cing c6 mot khed bi mat duge
ding d€ giai ma; khod bi mat nay (duge ky hidu bdi 8) khéng duge
bigt bdi bat ky ai khac. D& chuyén di mot thong bao M, ngubdi gii
tra ra khod cing khai cia ngusi nhian, dung khoda d6 d€ ma hoa
thong digp, va sau d6 gii thong dizp di. Ta s8 ky hieu thong dlép
da duge ma (van ban ma) la C=P(M). Ngu?:n nhin ding khoa giai
ma riégng dé g1a1 mé va doc thong digp. P& cho h¢ thdng nay hoat
dong, it nhat cac didv kign sau day phai duge théa mian ;

(i)  S(P(M)) = M doi véi moi thong diép M.

(ii) Tat ci cic caﬁ (S,P) 1a phan bidt.

(iii) Viéc phat sinh S tir P 1a khé ngang vdi viee doc M.
(iv) CA S lAn P deu duge tinh d& dang.
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Ditu kian dau tién 1A mdt tinh chat mat ma cin bin, hai dfén
kién sau cung cdp tinh an toan, va cdi thd tu lam cho hé théng trd
nén dé dang.

Luge da téng quat ndy da duge tdm lege bdi W.Diffie va
M.Hellman vho nam 1976, nhung ho 44 khéng o6 phuong phéap
nao thda man duge tii ci chc didu kign nay. Mot phuong phap nhu
viy da dugc kham pha ching bao 1au ngay sau d6 bdi R.Rivest,
A Shamir, va L.Adleman. Luge d ctia ho, duge bigt nhy 1 heg mat
ma khod cong khai RSA, dya trén cédc thuit todn s hoc duge thye
hign trén cac s§ nguyén rit 16n. Khod mat ma P 1a cip s6 nguyén
(N,p) vA khoa giai ma S la chp sd nguyén (N,s), trong d6 s 1a bi
mat, Cac si nay dy kign sé la rit 16n (dac bigt, N co thé tdi 200
chi¥ s& va p va s 6 thé 1a 100 chi 8). Cac phuong phdp mat ma va
giai ma thi don gian : dau tidn thong diep duge ngit thanh cdce sd
nhé hon N (vi dy, bing cdch I8y IgN bits 4 titng thisi diém tit chudi
nhj phin tuong ding vdi ma hod ky ty cia thong diép). Sau 46 cae
88 nay duge nang Ién lay thita mdt cich ddc 12p ™i modulo cho N :
d€ mat ma modt (méu coa mot) thong didp M, ta tinh C=P(M)=MP
mod N, va 48 gidi ma mdt vin ban ma C, ta tinh M=S(C)=C® mod
N. Trong chudng 36 ta s& nghién ciu lam th& nao 4 thyc hién
phép tinh nay khi ma vide tinh todn véi cic $8 200-chi s c6 thé 1a
gAp trd ngai, tuy nhién viée ta chi ¢in ldy phan du sau khi chia cho
N hidu 14 ta c6 thé gitt cho cic s6 khong trd nén Ién, bét chip sy
kign la chinh MP ~ va C%-  1a cic 58 16n khong tudng tugng
noi.

TINH CHAT 23.1 Trong cic h¢ mat ma RSA, mt thong diép
¢ thé dutge mé trong khodng thisi gian tuyén tinh.

Déi vdi cac thong digp dai, 40 dai cda cdc s8 dude dung cho cac
khod o6 thé duge coi nhu 1a hing-mot chi tigt cho cai dat. Twdng
ty, nang mot s8 len mot lay thira thi duge thyc hign trong khoang
thdi gian hing, vi cic s8 khong dugc phép dai hon mdt dd dai
“hiing”. Thyc ra, tham s8 nay che gidu nhitu chi tiét chi dat o6 lien
quan d€n viéc tinh todn véi cic con sO dai : chi phi cla céc phép
toan nay thye sy 1a mdt y&u t8 ngin cin sy phd bign kha nang dng
dung clia phuong phép.
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Diéu kign (iv) 4 trén vi vAy duge théa mén, va dizu kign (i) cb
thé d& dang bj ép théa. Ta vAn phai ti€p tuc bio dam rhing céc bign
mat mi N,p vh s 6 thé duge chon sao cho o6 thé thoa () va (iii).
D& cac digu kign nay trd nén o6 sic thuyét phue hon thi phai can
dén sy trinh bay vé Iy thuy&t s& ma né nhm ngoai pham vi cia
quyén sich niy, nhung chiing ta c6 thé tém luge cic ¥ chinh. Pau
tién, cAn tao ra 3 s& nguyén t§ “ngiu nhien” 1én (x&p xi 100-chi
80) : s lén nhit & la s va ta s goi hai s§cdbn lai lax vay. Sau d6 N
dugc chon s2 1a tich cia x va y, va p thi dugc chon sao cho ps mod
(x-1)(y-1) = 1. C6 thé ching minh ring, véi N,p va s duge chon
theo cich nay, ta c6 MPS mod N = M d5i vdi tat ci céc thong digp
M.

Vi dy, v6i vide md hod chufin cla ching ta, thong digp
ATTACK AT DAWN c6 thé tuong ting véi mot s nguydn 28-chd
sf

0120200103110001200004012314

vi A Ja ch@ c4i dau tien (01) trong bang mAu ty, T 1a ch@ cgi
thit 20 (20), ... Bay git, dé gia cho vi dy 12 nhé, ta bit dau véi mot
vai s8 nguyén t8 2-chit s8 (thay vi 100-chi s8, nhu 4 ydu cau) : 1y
x=47, y=T9, vh 5=97. Nhing gia trj nady din tdi N=3713 (tich
cla X va y) va p=37 (sd nguyén duy nhit ma né cho phan di I 1
khi duge nhan cho 37 va chia cho 3588). Bay git, d€ ma hod théng
digp, ta nght né thanh ra titng dogn 4-s8 va nang lén ldy thita p
{modulo N). Ditu nay cho ra ban da duge ma hoa

1404293235360001328422802235

Nghia la, 012057=1404, 200137=2932, 031137=3536 (mod
3713), ... Tign trinh giai ma cling gidng nhv vy, dung s thay cho
p. Vi véy, ta nhan duge trd lai thong digp goe vi 1404%7=0120,
293297=2001 (mod 3713), ... -

Phin quan trong nhat ciia cic con tinh o6 lidgn quan d&n vige
mé hod thong digp, nhu da ban trong Tinh chit 23.1 & trén.
Nhung sé khong o6 h2 mat ma nao hét n&u nhir khong thé tinh
dugc cic bign chia khod. Cho dit digu ny c6 am chi ca Iy thuyst s&
tinh vi lin c4c chuong trinh tinh %30 48 thao téc trén cac 5 I6n,
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thoi gian dé tinh todn cdc khod o6 1é la nhd hon binh phuong do dai
cia chung (v khong ti 1& véi 46 16n cua ching, ma didu d6 la
khong thé chap nhan duge).

TINH CHAT 23.2 Céc khoa cho hé mit ma RSA c6 thé duc
too ra ma khong phdi tinh todn qua nhidu.

Mot Jan nda, ta lai cAn dén mdt vai _phuong phép dya trén ly
thuy&t s§ ma né nhm ngoai pham vi clia cudn sich nay; mdi s5
nguyén t8 1n cb the duge phat sinh bing cich dau tign tao ra mot
80 nghu nhién 1dn, sau d6 kiém tra cic s§ k& tidp bit dau t didm
do cho téi khi tim duge mdt s8 nguyén t5. Mot phucong phap don
gian thyc hién mot phép tinh trén mjt con 88 ngﬁu nhién, ma, véi
xac sudt 1a 1/2, s8¢ “ching minh” ring 8 duge kiém tra la khong
nguyén t8. Budc cudi cing la tinh p : c6 1& chi éan d&n mot bien
thé cia thuat toin Euclid (xem chuong 1).

Nhé lai 14 khoa giai ma s (vA cic thita s§ x va y cia N) sé duge
it bi mat, va st thanh cong clia phucmg phap tiy t.huévc vho vibe
nguti giai ma khong o6 kha nang d8 tim gii trj cua s, néu cho
trude N v p. Bay git, ddi vai vi dy nhd ctia ching ta, d& phat hign
ra rang 3713 = 47*79, nhung néu N Ia mdt s 200-chi s5, thi c6 it
hy vong tim ra cic thita s§ cia né. Nghia I3, cd vé khé tim ra duge
s tif tri thdc v@ p (va N), mac du khong ai c6 thé ching minh dieu
dé. RO rang, tim p tif & cAn tri thic v& x va1 y, va 15 rang can phan
tich N ra thita s8 d& tinh x vh y. Nhung viéc phan tich N ra thia
8 la rit kho : cic thuat toan phan tich ra thita s§ t5t nhat da duge
biét cAn hang tridu nam € phan tich mdt s 200-chit s5 ra thita s&,
dung ky thuat hién cé.

Mjt dac trung hép din cla h¢ RSA la cdc tinh todn phic tap
dm chi N,p va s duge thye hign chi mdt fan cho mdi mot ngudi si
dyung c6 dang ky véi hp théng, trong khi d6 thi rit nhizu thao tic
mat mi vh gidi ma théng thutig chi ngit théng digp va 4p dung
tha tyc ay thira don gidn. Sy don gidn vé mat tinh todn nay, két
hgp véi tit ca cic dac trung thuin Igi duge cung cip bdi cac he
mit ma khod-cdng-khai, da khién cho he thﬁng nay that hﬁp dan
cho vige truyén thong an toan, dzc bigt trén cdc he théng may tinh
v mang may tinh,
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Phuong phip RSA c6 nhuge diém cta né : thi tyc kiy thita
thyc sy t8n kém boi cic tidu chuin mat ma, va t& hon Iy, vé lau vé
dai, o6 kha nang doc duge cic thong digp da duge mat ma biing
cich dung phuong phdp nay. Didu nay 13 ding d&i vdi nhizu he mat
méi mbt perdng phép méit ma phai chdng lai duge céc cude tin
cong dé gidi ma mdt cich nghidm tic trude khi né o6 thé duge
dung vdi sy tin tudng.

Nhiéu phuong phap khac da duge d2 nghj 48 chi dat cic he mat
mé khod-cdng-khai, Mdt vai phudng phép thi vi nhit da duge gin
v6i mdt 16p bai todn quan trong ma né thutsng duge xem la rit khé
{(mic di dieu nay thi khong duge biét chic lim), ma ta s2 nghién
aiu trong chuong 45. Céc heé mat ma nay o6 mot tinh chat thad v
la mdt cude tdn coHng thanh cong c6 thé cung cip mét cii nhin su
hon vé cach lam thé& nao d€ giai duge mdt vai bii todn khé néi
tiéng chua giai duge (nhu vide phén tich ra thita s8 d6i véi phuong
phap RSA). Viac lign k&t gita mat ma hoc wii cic chi dé od 3
trong nghign citu khoa hoe méy tinh, cling vdi kha ning st dyng
rong rai mat ma khoi-cong-khai, da khign cho lanh vyc nay tré
thanh mét mdi truding nghién ciu rit ning dpng hién nay.



CAC HE MAT MA KHOA-CONG-KHAI 403

BAI TAP

1. Giai ma théng diép sau day, da duge ma bang mdt bd mi
Vigenere su_dyng mau CAB (p lai néu can) cho khod (trén
mot bang méu ty 27-chit-cdi, vdi ky ty khoang tring nam trude
A) : DOBHBUAASXFZWIQQ

2. Bang nao s& duge dung dé€ giai ma cac théng diep ma né da duge
mé bang cach dung phudng phap thay thé theo bang ?

3. GiA s rang mdt bd ma Vigenere véi mét khoa 2-ky-ty duge sit
dung d€ ma hod mot théng diep tuong do6i dai. Vit mdt chuong
trinh d€ suy ra kho4, dya trén gia dinh la tin s xuit hién cla
mdi ky tu trong cac vi tri 18 s3 13 gan biing vdi tan s& xuat hién
ctta moi ky ty trong cde vi tri chan.

4. Vigt cdc thi tyc mat ma va giai ma tuong xiing ma né dung dén
phép todn “xor™ giita mdt ban nhj phan clia thong digp va mot
dong nhj phan tir mdt trong sd cac b phat sinh s8 ngau nhién
diéu hoa tuyén tinh cia chuong 3.

5. Viét mot chuong trinh d8 ché nhd phuong phap da cho trong bai
tap trude, gia su rang 10 ky ty dau tién cia thong diép da bigt
1a ky ty khoang trong.

6. Noudi ta ¢6 thé ma héa moét van ban that bang cich “and”
(“va”) nd (ting bit mot) vdi khod duge khéng ? Giai thich tai
sao duge hay tai sao khong ?

7. Dung hay sai ? Mat ma khod-cong-khai thuén ti¢n d€ gifi cling
thong digp t6i nhidu ntgudi sd dung khie nhau. Ban luan vé cau
tra 181 cua ban,

8. P(S(M)) la gi d6i vdi phuong phap RSA cho mat mi khod - cdng
-khai ?

9. Mat ma RSA o6 thé 4m chi viec tinh M", trong d6 M o6 thé Ia
mot s6 k-chi-sd duge bigu dién trong mdt mang k s§ nguyén.
Can khodng bao nhidu phép toan cho phép tinh nay ?

10. Cai dat cée thi tuc méat méa /gidl méa cho phiteng phap RSA (gia
dinh ring s,p v N tit ca déu dude cho trude va duge bidu dign
trong cic mang s8 nguyén o6 kich thude 25).
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