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TOM TAT

Trong thuc t&, mo hinh 1ap lich 12 mot mo6 hinh tdi wu duge nhiéu nha nghién ctru quan
gian da thirc 1a mot thach thirc 16n, do d6 trong thuc t& nguoi ta thuong nghién ctiru mét sb 10
giai gf?ln tdi wu duge thuc hién béng cac thuat toan xép xi ma dién hinh 13 cac thuét toan tham
lam va thuét toan tién héa dua trén co ché cua giai thuat di truyén. Noi dung chinh cua bai bao
1a trinh bay cac két qua nghién ctru vé thuat toan xdp xi va giai thuat di truyén, trén co so xay
dung va phan tich mé hinh bai toan 1ap lich tai cac phong kham ctia cac bénh vién, dé xuét cac
thuat toan xap xi dé giai quyét mé hinh bai toan, tién hanh thir nghiém trén mé hinh cy thé dé
khang dinh tinh hiéu qua cua cac thuat toan da dé xuit.

Tir khoa: bai toan ldp lich, do phiec tap thudt toan, giai thudt di truyén, thudt toan tham
lam, tinh toan tien hoa.

THE FINDINGS ON CONSTRUCTING A NEW APPROXIMATION
ALGORITHM TO SOLVE THE HOSPITAL’S SCHEDULING MODEL

ABSTRACT

In reality, the scheduling model is an optimal model that many researchers are interested
in due to its great complexity and high applicability in practice. Finding out the optimal solution
in polynomial time is a big challenge, therefore scientists frequently study some near-optimal
solutions implemented by approximation algorithms, typically greedy and evolutionary
algorithms based on the mechanics of genetic algorithms. The main content of this paper is to
present the research findings on approximation algorithms and genetic algorithms. On the basis
of constructing and analyzing the scheduling model in the hospitals' clinics, this paper proposed
approximation algorithms to solve this problem and conducted experiments on specific models
to confirm the effectiveness of the proposed algorithms.

Keywords: algorithm complexity, evolutionary computation, genetic algorithm, greedy
algorithm, scheduling problem.
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1. PAT VAN PE

Trong cac lop bai toan roi rac thi mé hinh
cac béi toan thuéc lop NPC la 16p céc béli toan
thirc. Pién hmh trong 16p cac bai toan do thi
md hinh 13p lich biéu t6i wu 1a mo hinh dugc
rat nhiéu cac nha khoa hoc quan tdm do tinh
phtrc tap ciia mo hinh ciling nhu tinh ing dung
cao trong thuc té. D6i v6i md hinh lap lich, véi
cac hé rang budc phurc tap thi viéc tim 101 giai
t6i wu trong thoi gian da thirc 1a mot thach thirc
16n, do do, trong thuc té, ngudi ta thuong
nghién ctru mot sd 101 giai gan tdi wu. Cac
thu4t toan nay thuong duoc thuc hién bing cac
thuat toan xép xi ma dién hinh 1a c4c thuat toan
tham lam (Martello & Toth, 1990; Wirth,
1976) va thuat toan tién hoa dua trén co ché
ctia giai thuat di truyén (Eiben va cs., 1994;
Goldberg, 1989; Nguyén Dinh Thiic, 2001).

Trong thyc té hién nay, yéu cau lap lich
biéu thuong xuét hién duéi dang diéu phdi tdi
uu cac phuong tién van tai, phan cong giang
day tai cac co s& giao duc dao tao, lap lich
tryc tai cac bénh vién. Tuy thudc vao yéu cau
cu thé cua timg don vi, tai Viét Nam dé co
nhiéu tic gia dwa ra cac phuwong an lap lich
biéu t6i wru dua trén cac thuat toan vé do thi,
tinh toan tién hoa, thuat toan tham lam, tri tué
nhan tao (Mui va cs., 2012; Nguyén Hiru Mui
& Vit Binh Hoa, 2012; Truong Qudc Pinh &
Nguyén Thanh Hai, 2016). Tuy nhién, xut
phat tir yéu ciu ctiia mdi don vi la khac nhau
s& dan dén cac hé rang budc la khac nhau, do
d6 khong thé ton tai 1oi giai chung cho moi
mo hinh 1ap lich. Vi vdy, v6i mdi mot mo
hinh, xuét phat tr cac hé rang budc cu thé,
ching ta can dua ra nhimng giai phap phu hop
dé mo ta cac hé rang budc, xay dung ham muc
tiéu, tir d6 thiét ké thuat toan dé xac dinh lich
biéu tdi uu cho mé hinh twong tng.

Trong bai bao nay, chung toi trinh bay
cac két qua nghién cliru vé nguyén tac thiét
ké cac thuat toan xap xi va giai thuat di
truyén. Trén co s& xay dung mé hinh, chung
t6i phan tich chi tiét cac hé rang budc mang
tinh chét dic trung cua bai toan 1ap lich tai
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cac phong kham cua cac bénh vién, tir d6 dé
xudt hai thuét toan trén co s cua thut toan
tham lam va thuat toan di truyén dé tim lich
biéu tdi uu cho bai toan lap lich, cudi cling
tién hanh thi nghiém cac thuat toan trén bo
dir liéu thue dé khang dinh tinh hiéu qua cua
cac thuat toan da dé xut.

Cau tric clia bai bao gdm phan lla phan
dat van de, phan 2 trinh bay mot s6 két qua
nghién ciru bao g6m nguyén tic thlet ké thuat
toan xap xi va thuat toan di truyen ket qua
xdy dyng mo hinh lap lich va dé xuat cac
thuat toan cung két qua thuc hién céac thuat
toan cho mé hinh Iap lich tai bénh vién, phan
3 dua ra két luan va hudng phat trién. Cac két
qua tinh toan trong bai bao dugc lap trinh trén
moi trudng Matlab 7.1.

2. PHUONG PHAP NGHIEN CUU

Duya trén ly thuyet Ve cac thuat toan xap
xi, xut phat tir yéu cau toi uu cua bai toan 1ap
lich, chung t6i phan tich chi tiét mbi quan hé
rang budc clia cac thanh phan tham gia (cac
béc si, cac y ta, cac ca truc, cac phong kham)
cia bai toan, tir 6 dé xuét hai thuat toan tim
nghiém x4p xi cho mé hinh. Dé danh gia tinh
hi€u qua cua cac thuét toan da dé xuét, chiing
t61 xy dyng mo hinh 1ap lich vé6i cac yéu cau
rang budc dugc md ta bang cac ma tran nhi
phan cho trudc, tir @6 tién hanh thir nghiém
cdc thudt toan dé xuét tim lich biéu tdi wu trén
moi truong Matlab, so sanh va danh gia hiéu
qua cuia cac thut toan.

3. CAC KET QUA NGHIEN CUU

3.1. Mot s6 thuat toan xap xi
3.1.1. Thudt toan tham lam (Wirth, 1976)

Thuat toan tham lam (Greedy algorithms)
1a mot thuat toan giai quyét theo tur tuong
heuristic d& tim kiém luva chon t6i wu dia
phuong & mdi bude di voi hy vong tim duoc
ti uu toan cuc. Uu diém cta thuét toan tham
lam 1a d& dé xuat theo tu tudng tu nhién. Trong
hau hét cac bai toan tdi wu, dé nhan duoc
nghiém t6i wu, ching ta c6 thé dua vé mot day
cac lya chon. Y tudng ctia chién luoc tham lam
1a tai modi budc ta s& lya chon mot phuong an
duoc xem la tot nhat. Tuy theo timg bai toan
ma ta dua ra tiéu chuin lya chon thich hop.
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Céc thuét toan tham lam noéi chung 1a don
gian va hi€u qua, tuy nhién nghiém thu dugc
khéng chic 1 t6i wu. Phuong phap duoc tién
hanh theo nhiéu budc, tai moi budc theo mot
lwva chon nao d6 (xac dinh béng mot ham
chon), 10i gidi ciia bai toan dugc bd sung dan
timg budc. Phuong phap tham lam cin tim
mot trat ty hop 1y dé duyét dit liéu nham dat
duoc muc tiéu mot cach chic chin va nhanh
chong. Thong thuong thudt toan tham lam co
tdc do tét hon han so véi cac thuat toan t6i wu
tong thé.

M6 hinh thudt toan tham lam

Ki hiéu tap X 1a tap nghiém t6i vu, A 13
tap cac phan tir img vién. Ta xay dung tap X
dan timg budc bat dau tir tap rong, tai moi
budc ta s& chon mot phan tir “tot nhat” trong
cac phﬁn ttr con lai cua A dé dua vao X. Viée
Ira chon mot phﬁn ti nhu thé & mdi bude
dugc huéng din boi ham chon. Néu khi
thém phﬁn tor dugc chon vao tdp X ma X
chua ddy thi ta s& mé rong X bang cac bude
chon tiép sau.

Thuét toan tdng quat dwoc md ta nhu sau:

Procedure Greedy(A, X)
Input A// Tap cac doi twong cho trudc
Output X //Phwong dn t6i wu

Begin
+X «Q;
+ While A <> @ do
Begin
x « Select(A); A«A — {x};
if X U{x}théamin then
XX U{x};
end;
end.

Trong thii tuc tong quét trén, Select 1a ham
chon cho phép chon tu tip A mot phan ti
duoc xem 1a tot nhat dé dua vao X.

Mau chét cta thuat todn 1a phuong phap
xay dung ham Select. P phuc tap cua thuat
todn phu thudc vao do phu:c tap khi xay du:ng
ham Select. Trong thuc té, dbi vai rat nhiéu
mo hinh t6i vu roi rac, nguoi ta thuong lya
chon phuong phap thiét ké thuat toan theo tu
tuong tham lam dé tim nghiém xap xi tdi wu.

S6 05 (11/2022): 514

3.1.2. Thudt todn di truyén (Goldberg, 1989)

Thuat toan di truyén (GA-Genetic
Algorithm) do D.E. Goldberg dé xuit 1a k¥
thuat phong theo qué trinh thich nghi tién hoa
clia cac quan thé sinh hoc dua trén hoc thuyét
Darwin. Trong GA, viéc tim kiém nghiém tb1
vu duge bit dau voi mot quan thé ban dau,
quan thé thé hé ké tiép duoc sinh ra bang cac
hoat dong lai ghép va dot bién ngiu nhién
trong cac qua trinh tién héa. O mdi budc, ca
thé nao t6t hon sé& ton tai va nguoc lai s& bi
dao thai. Dé thiét ké GA can xac dinh dugc
phuong phap khéi tao quin thé ban dau,
nguyén tic xdy dung ham thich nghi (ham
muc tiéu) va cac toan tir di truyén.

Trong cong nghé thong tin, GA 1a mét linh
vuc mdi cé toc do phat trién rat nhanh. C6 thé
chia thanh cac hudng:

+ Genetic Algorithm: Dya vao qua trinh
di truyén trong tu nhién dé cai tién 1oi giai qua
cac thé hé bit nguén tor mot tap cac 1oi giai
ban dau.

+ Quy hoach tién hoa (Evolutionary
Programming — EP): Dya vao quy luat t1en
hod, tim phuong phap két hop dé giai quyét
tron ven mot bai toan tir mot 16p cac phuong
phap giai quyét dugc mot s6 phan ciia bai toan.

+ Cac chién lugc tién hoa (Evolutionary
Strategies — ES): Dya trén mot sb chién luoc
ban dau, thuc hién tién hoa dé tao ra nhitng
chién lwoc méi pht hop véi méi truong thue
té mot cach tot nhat.

+ Lap trinh di truyén (Genetic
Programming — GP): M& rong GA trong linh
vuc cac chuong trinh clia may tinh nham sinh
ra mot cach tu dong cac chuong trinh may tinh
giai quyét mot cach t6i vu mot bai toan cy thé.

+ Cic hé théng phan loai (Classifier
Systems — CS): Cac thuit toan GA dac biét
duoc dung trong viéc hoc mdy va viée phat hién
cac quy tic trong cac hé dua trén cac quy tic.

Ngay nay, thudt toan GA cang tré nén
quan trong, dac biét la trong linh vuc toi vu
hoa véi 16p cac bai toan NP, NPC chua c6
giai thuat hiéu qua.

ap chi Rfioa hoc
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Cdc khai niém co ban trong GA

+ C4 thé: biéu didn mot phuong an cua
bai toan.

+ Quan thé: tap hop céac ca thé co cung mot
s0 ddc diem. Day la mot tap cac 101 giai cua
mot bai toan.

+ Toén tir chon loc: chon cac cé thé co do
thich nghi t6t dé dua vao thé hé tiép theo.
Thong thuong viéc chon loc duge thong qua
ham muc tiéu.

+ Toan tr lai ghép: sinh ra mot 101 giai
khac tir cac 1oi giai cha me (thé hé sau).

+ Dot bién: tao ra mot ca thé mai tot hon
hodc xau hon ca thé ban dau.

Khi d6 thuat toan GA duogc mo ta nhu sau:

Procedure GA

Budc 1. Xac 1ap cac tham s6 ban dau cua
bai toan.

Budc 2. Khéi tao: sinh ngau nhién mot
quan thé gom n cé thé (la » 101 gidi ban dau
cua bai toan).

Budc 3. Xay dung quan thé thé hé sau:

3.1 Tién hanh lai ghép cac cip bd — me voi
mot xac suat lai ghép dugc chon dé tao ra mot
ca thé méi dua tiép vao quan thé moi.

3.2 Tinh d6 thich nghi cua tit ca cac ca thé
thudc quan thé moi.

3.3 Chon loc n ca thé mdi tir quan thé méi
theo d¢ thich nghi d¢ tao ra quan thé cho thé
hé tieép sau.

3.4 Dot bién k ca thé

Budc 4. Kiém tra diéu kién dirng: néu diéu
kién dugc thda man thi thuat toan két thac va
tra vé 101 giai tot nhat chinh 1a quan thé hién
tai, nguoc lai quay lai budc 3.

Cdc co ché trong GA:

+ Ma hoa: Thong thuong nguoi ta st dung
mét trong cac phuong phap (mé hoa nhi phan,
ma hoa hoéan vi, mé héa so thyc) xuét phat tir
céch mé ta phuong an t6i wu clia ting bai toan.

+ Khéi tao quan thé ban dau: Tuy vao timg
bai toan cu thé ma ta c6 cac phuong phap khoi
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tao khac nhau. Chét lugng ciia quan thé ban
dau cang cao thi 161 giai ma GA dua ra cang
t6t. Thong thuong chung ta dung phuong
phéap ngau nhién dé khai tao.

+ Xac dinh ham thich nghi: Déi voi bai
toan t6i wu hoa thi ham thich nghi chinh 13
ham muyc ti€u ctia bai toan.

+Co ché lya chon Thuong str dung phuorng
phap lua chon ngau nhién theo x4c suat tir quan
thé lay n ca thé dé thuc hién lai ghép hoac chon
tt ca cac ca thé cling tham gia lai ghép.

+ Toan tu lai ghép: Thuong chon cac
phuong phap lai ghép don diém, da diém, mat
na hodc lai ghép ma hda so thuc.

+ Toan tir 4ot bién: Thuong thay doi mot
gié tri tily y trong dir lidu ctia c4 thé theo mot
xac suat nao d6 du nho.

Thuat toan GA 1a mét thudt toan dugc cai
dat don gian, d phtrc tap 1a da thuc. Hién nay
co rat nhiéu cic phan mém trong cac linh vuc
ti wu hién nay dugc cai dat theo tu tudng GA.
3.2. Mo hinh 13p lich trwe tai phong kham

Trong cac bénh vién hién nay, van dé phan
cong truc tai cac phong kham la mot cong
viéc cip thiét va thuong xuyén. Do yéu cau
vé cong tac chuyén mén cta bénh vién ciing
nhu lich cong tac cua ting bac si va y ta nén
viéc phan cong lich truc can phai dap ung
nhitng yéu cau rat phirc tap va hau nhu khong
thé tim duoc 101 giai toi wu.

Xuit phat tir tinh phtrc tap cia mé hinh,
chung t6i s& dé xuit mot mo hinh 1ap lich truc
va xay dung thuat toan tim lich biéu tdi wu tai
cac phong kham dya trén thuat toan tham lam
va giai thuat di truyén.

Chung ta xét mo hinh bai toan: gia str co
NBS bac siva NYT cécy t, mdi bac sivay
ta gdbm cac thong tin: ho tén va chuyén mén
duogc dao tao, N PK phong kham va NCT cac
ca truc duoc phan biét bdi s6 hiéu phong
kham va sd hiéu ca truc.

Chung ta dua ra hai yéu cau:

+YC;: Mbi bac si va y ta chi duoc truc tai
mot s0 phong kham phu hop véi chuyén moén
da duoc dao tao.
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+ YCa: Cho phép mdi bac si va y ta duoc
dang ky cac budi tryc ma ca nhan san sang
nhén tryc theo lich phan céng.

Hay xép lich truc cho cac bac siva y ta tai
cac phong kham trong tit ca cac ca tryc dé
sao cho tai moi ca truc, moi phong kham phai
c6 day du mot bac si va mot y ta phu hop voi
chuyén mén ddng thoi s ca truc clia cac bac
si la tuong duong nhau, cac y ta la tuong
duong nhau. Gia thiét 1a xép kin tat ca cac ca
truc trong lich.

Nhén xét: M6 hinh nhu trén s€ ddm bao
yéu cau vé chuyén mén, dap g nhu cau cia
tat ca cac doi twong va dong thoi cong bang
vé viéc phan coéng nhiém vu cho moi bac si
va y ta. Pay 1a mot mo hinh phu hop véi tinh
hinh thuc té & cac bénh vién tai Viét Nam.

Xuét phat tir mé hinh trén, chiing ta s& xay
dung mé hinh toan hoc chi tiét cho bai toan.

DPua vao céc ky hiéu:

—Tap BS = {1,2,..., NBS} sb hiéu cac
bac si.

—TapYT = {1,2,..., NTY } sdhiducécy ta.

—Tap PK = {1,2,..., NPK} sb hiéu cac
phong kham.

—Tap CT = {1,2,..., NCT} s hiéu cac
buoi trong lich tryc.

— Mang PBS(s, p) biéu dién su phu hop
chuyén mon gilra bac si va phong kham:
PBS(s, p) = 1 khi bac si s6 hiéu s phu hop
chuyén moén véi phong kham p, PBS(s, p) =
0 khi khong phu hop.

— Mang PYT (s, p) biéu dién sy phu hop
chuyén mon gilta y td va phong kham:
PYT(s,p) =1 khi y ta s6 hiéu s phu hop
chuyén mén voi phong kham p, PYT (s, p) =
0 khi khong phu hop.

— Mang trang thai M BS(s,t) trang thai
san sang nhan tryc cua bac si cé s6 hiéu s
trong ca truc ther t: MBS(s,t) =1 khi san
sang, MBS(s,t) = 0 khi khong san sang

—Mang trang thai MYT (s, t) trang thai san
sang nhan tryc cua y ta ¢6 so hiéu s trong ca
truc tha ¢: MYT(s,t) =1 khi san sang,

S6 05 (11/2022): 514

MYT(s, ?) = 0 khi khong sin sang.
Céc bién s6 can xéc dinh:

— Cac bién XBS(p,1) = k khi bac si sd
hiéu k duoc xép vao phong kham p trong buoi
truc t.

— Cac bién XYT(p,t) = k khi y ta s hiéu
k duoc xép vao phong kham p trong budi truc 7.

— Cac bién CBS(s) ghi lai tong s6 budi
tryc cua bac si s trong toan lich tryec.

— Cac bién CYT(s) ghi lai tong s6 budi
truc cua y ta s trong toan lich tryuc.

Cac diéu kién rang budc:

R,: Tai mot thoi diém 7, mot bac si chi
dugc truc nhiéu nhat tai mot phong kham.

R,: Tai mot thoi diém ¢, mot y ta chi duoc
tryc nhi€u nhat tai mot phong kham.

R;: Chi xép lich truc cho cac bac si san
sang trong ca tryuc.

R,: Chi xép lich tryc cho céc y ta sin sang
trong ca truc.

Rs: Céc bac si va y ta chi duge phép truc
tai cac phong kham phu hop vé chuyén mon.

Rg: Tai moi thoi diém, cac phong kham
deéu phai co day du mdt bac siva mot y ta tryc.

Nhu vay, bai toan dua vé yéu cau hay xay
dung bang phan cong truc tai cac phong kham
cho tat ca cac bac si va y ta trong bénh vién
thoa man tat ca cic rang budc tir R; dén R4
sao cho tong s6 cac budi truc cua cac bac si
dugc phan cong 1a twong dwong nhau, sé cac
budi truc ciia cic y ta dugc phan cong la
tuong duong nhau.

Nhén xét:

+ Chung ta thiy rang néu phuong an xép
lich ma thoa man tat ca cac rang bugc tr R,
dén Rg thi hai yéu cau YC; va YC, dit ra dbi
v6i md hinh luén théa man.

+ Bai toan trén la mot dang bai toan lap
lich v&i nhiéu rang budc phuc tap. Pé nhan
duoc 101 giai dung la rat kho thuc hi¢n, trong
nhiéu trudng hop chung ta khong thé xac dinh
dugc lich biéu téi wu. Sau déy, chung ta s& dé
xudt hai thuat toan xAp xi giai bai toan nay.
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3.3. D& xuit thuit toan tham lam
3.3.1. Tu tuong

Do cac bac si va y ta trong bénh vién la
doc 1ap nén chung ta ciing chi can phan lich
L, cho cac bac si va phan lich L, cho cacy
ta sau d6 két hop lai chung ta s& thu duoc lich
tryc chung. Hién nhién, hai bai toan 1ap lich
L, va L, 1a tuong duong. Nhu vay ching ta
chi can xét bai toan phan lich cho cac bac si
la du.

Ki hi¢u ma tran L, = [L,(i, j)] 1a lich truc
can tim trong d6 L, (i, j) = k dugc hiéu la bac si
k s€ tryc tai phong khadm i trong ca tryc thir j trong
lich (k =1..NBS; i = 1:NPK; j = 1: NBT).

Hién nhién bai toan can xay dung phuong
an tryc L, thoa man hai rang budc
MBS(k,i) = 1 va PBS(k, j) = 1 sao cho sb
budi truc cua cac bac si 1a xap xi bang nhau.

Boi vi cac vai tro cua cac bac si 1a tuong
duong nén neu chung ta xép lan luot cac bac
sT sén sang vé chuyén mén va thoi gian lan
lugt vao cac ca truc theo thir ty tang dan (khi
hét s6 bac si thi lai quay tré lai bac si dau
tién), qua trinh s& dimg lai khi lich day. Khi
d6 16 rang sé budi truc ciia cac bac si s& xp
xi bang nhau.

Tir d6, chung ta dé xuat thuat toan theo tu
tuong tham lam nhu sau:

3.3.2. Thudt toan Greedy QH
Input: Cac mang: PBS, PYT', MBS, MYT

Output: Lich L,

Buéc 1: Khéi dong ma tran L, 1a rong
(chua xép lich)

Budc lap: Lan luot xét cac bac si k =
1..NBS

+ Xét mot 6 L(i, j) con tréng,

+ Néu bac si k thoa man diéu kién
MBS(k,i) = 1 va PBS(k, j) = 1 thi xép bac
sikvao o (i,j)tacla gan L,(i,j) = k;

+Tang k: =k + 1;

+ Néu k = NBS thi quay lai k = 1.

Qua trinh dung lai khi tat ca cac 6 L,@,j)
da day.
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Qua trinh xép lich truc L, cho cac y ta la
hoan toan tuong ty.

Két hop hai lich L, va L, ta thu dugc lich
truc chung.

Hién nhién do phuec tap cua thuat toan la
O(NBS X NPK x NBT x K) trong d6 K la
s lan 1ap trong budc lap.

Nhén xét:

+ Vi thuat toan dugc xay dung theo tu
tuong tham lam nén chiing ta khong can xay
dung ham muyc tiéu, két qua thu dugc cua
thuat toan s& dam bao sé ca truc cua cac bac
sT1a xap xi bang nhau, sd ca tryc ciia cac y ta
cling x4p xi bang nhau.

+ Thuat toan dé dang duoc cai dat b::ing
cac ngon ngilr 1ap trinh Matlab hoac C*.

3.4. D¢ xuit thuit toan di truyén
3.4.1. Xay dung cdu tric diF liéu

+ Luya chon cAu truc ca thé: ki hiéu mot
phuong an xép lich 13 cdp hai ma tran Z =
[ZBS(NPK, NCT); ZYT(NPK, NCT], trong
d6 ZBS(p,1) = k twong (mg v6i bac si c6 s6
hi€u k tryc phong kham p tai ca tryc thu ¢,
ZYT (p,1) = k twong Ung v6i y ta ¢ sb hiéu
k tryc phong kham p tai ca tryc thi ¢.

Nhu vay, tap hop cac phuong an chinh la
tap hop cac cip ma tran cac phan tir 1a cac s6
nguyén duong co gia tri 1a cac sd hiéu ciia cac
bac si hodc clia cac y ta. Diéu kién phan cong
hop 1€ 1a trén mot ct cia cac ma tran ZBS
va ZYT khong c6 cac phan tir co gia tri tring
nhau tirc 12 tai mot thoi diém mdi béac si hodc
y ta chi duoc truc tai mot phong kham.

+ Ham CBS(k) co gia tri bang tong tat ca
cac phan tir trong ma trdn phuong 4n ZBS
thoa mén diéu kién ZBS(p,t) = k. Nhu vay
CBS(k) chinh 14 tong sb budi tric cta bac si
k trong toan lich tryc.

+ Ham CYT (k) c6 gia tri bang tong tat ca
cac phan ti trong ma trin phuong an
ZYT théa man diéu kién XYT(p, 1) = k, nhu
vay, CYT (k) chinh la téng s6 budi truc cua y
ta k trong toan lich tryec.
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3.4.2. Cac rang bugc cua bai toan

+ Ry: Tai mot thoi diém t, mot bac si chi
duoc truc nhiéu nhe”}t la mét phong kham s€
twong duong voi di€u kién: trén mot cot cua
ma trdn ZB.S khong ton tai hai phan tir bang
nhau. Xay dung ham R,(ZBS) dé kiém tra
dicu kién R;.

+ R,: Tai mét thoi diém ¢, mot y ta chi
duoc tryc nhi€u nhat 128 mét phong kham sé
tuong duong véi diéu‘ kién: trén mot cot cua
ma tran ZYT' khong ton tai hai phén tir bang
nhau. Xay dung ham R,(ZYT) de¢ kiém tra
diéu kién R,.

+ R;: Chi xép lich truc cho céc bac si san
sang trong budi tryc s& twong duong voi di€u
kién: néu ZBS(p,t) = s thi MBS(s,t) =1
hay MBS(ZBS(p,1),t) = 1.

+ R,: Chi xép lich truc cho cac y ta sin
sang trong budi tryc sé twong duong vdi dicu
kién: néu ZYT(p,t) =s thi MYT(s,t) =1
hay MYT(ZYT (p,1),1) = 1.

+ Rs: Céc bac sivay ta chi dugce phép truc
tai cac phong kham phu hop vé chuyén mon
dao tao sé twong duong véi diéu kién:

Néu ZBS(p,t) = s thi PBS(s, p) = 1 hay
PBS(ZBS(p,t),p) = 1.

Néu ZYT(p,t) = s thi PYT(s,p) =1 hay
PYT(ZYT (p,1),p) = 1.

Két hop ba diéu kién R;, R, va Rs, diéu
kién thoa man dong thoi chinh la

MBS(ZBS(p,1),t) X MYT (ZYT (p,1),1)

X PBS(ZBS(p, 1), p)
X PYT(ZYT (p,t),p) =1

voimoil < p<NPK;1<t<NCT,;

Xay dung ham R,5(Z) kiém tra diéu kién
R;, Ry va Rs.

+ Rg: Tai moi thoi diém, cac phong kham
déu phai c6 béc si truc va y ta s& tuong duong
Vi tit ca cac phan tir trong cip ma trin Z =
[ZBS; ZYT] déu duong.

ZBS(p,t) > 0; ZYT (p,t) > O;
1 <p<NPK;1<t<NCT;
Xay dung ham Ry(Z) kiém tra diéu kién Rg.
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3.4.3. Ham muc tiéu cua bai toan
Vi tong s6 cac budi truc cia cac bac si va
y ta ludn bang NPK x NCT, do d6 st dung
bét ddng thirc Cauchy: “Téng cdc phan tir la
khong doi thi tich sé dat gid tri I6n nhat khi
tat ca cdc phdn tir bang nhau”, ta suy ra dé
dam bao yéu céu cua bai toan: s6 cac buodi
tryc clia cac bac si la xap xi bang nhau sé
trong duong voi didu kién: Hiy xac dinh
phuong 4n Z = [ZBS; ZYT] thoa man tat ca
cac rang budc dé sao cho hai ham muyc tiéu:
NBS
FB(ZBS) = H CBS(s) - max

s=1
NYT

FY(ZYT) = H CYT (t) — max

=1
Nhu vy, bai toan 1ap lich tryc dwoc dua vé
bai toan: Hay xac dinh phuong an Z thoa man
céac rang budc mo ta bdi cac ham R,(Z), R,(Z),
R345(Z), R(Z) dé sao cho ham muyc tiéu:
F(Z)= FB(ZBS) + FY(ZYT) — max

3.4.4. Thudt toan Genetic QH

Input: cac mang PBS, PYT, MBS, MYT .

Output: cdc mang ZBS, ZYT.

Bude 1: Khdi tao quan thé ban dau

1.1 St dung phuong phap khdi tao ngau
nhién N cap matran Z = LZBS ; ZYT] kich
thudc NBS X NYT céac phan tu trong khoang
(0; NBS + 1),(0; NYT + 1), trén cac cOt cua
ma tran thoa man cac diéu kién R; va Ryys.

1.2 Xac dinh d¢ thich nghi cua céc céc ca
thé trong quan thé xuat phat.

1.3 Xac dinh gia tri ham muc ti€u ban dau

Budce 2: Qua trinh lai ghép

+ St dung phuong phép lai ghép hai diém
cit theo chiéu thoi gian t gitta ca thé thir i (b6)
voicathé thir j (i < j) (me), ching ta thu duoc
quan thé gom N + (N — 1) X (N —2) ca thé.
Khi d6 diéu kién R, va R, ludn thda man.

o Kiém tra d6 thich nghi clia tat ca cac ca
the, ta thu dugc M ca thé théa man cac diu
kién rang budc.

Budc 3: Qua trinh chon loc

Tinh gi4 tri ham F(Z) véi moi cé thé trong
quan thé gom M ca the, tr d6 ta Iya chon lay
N ca thé tot nhat d¢ stir dung cho thé hé ke tiep

ap chi Rfioa hoc
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Budc 4: Dot bién Bang 1. Béc si phut hgp chuyén mén
St dung k¥ thuat dot bién m ca thé bét ki Phong
s , . n N D | 2 3 4 5 6 7
bang cach thay d6i ngau nhién mdt gia tri Bac si
trong ma tran Z phu hop véi bai toan, xac 1 0o 1 1 0 1 1 1
sudt dot bién g = - <0.05, 2 o 1 1 0o 1 1 1
Bude 5: Quay 1a1 Budc 2 voi N cé thé 3 boo boo !
trong thé hé tiép sau. 4 Lol oo bl
Diéu kién dung 1ap cia thuat toan 1a s6 lan 5 ! bood bood
lap dat t6i s6 1an dinh han trudc. 6 Lo b0l
Nhan xét 7 1 1 1 0 1 1 0
+ Do thuét toan la ngau nhién nén mdi lan S (1) 1 i (1) (1) i (1)
chay khac nhau s€ cho cac ket qua khac nhau. Do
d6 ta can chay nhiéu 1an dé 1y két qua tot nhét. 10 0 1 1 10 1 1
+ D6 phirc tap cua thuit toan dugc danh 1 b0 ! oo
gid 13 O(NBS x NPK x NBT x K) trong 21 0 1 1 1 0 1
d6 K 1a sb 1an lap cta giai thuat. 13 rr o 1 1 0
Thuét toan ciing dé dang cai dat trén cac 14 1 1 0 1 1 10
ngon nglr 1ap trinh co ban. 15 11 1 0 1 1 0
4. CAC KET QUA THU'C NGHIEM
pé kiém tra d¢ chinh xac cua cac thuat toan Béng 2. Y ti phu hgp chuyén mén
da @& xudt, chung t6i xét bai toan lap lich véi so Phong
bac sila NBS =15, soytaNYT—lO $d Yta r2 3 4 5 6 7
phong kham la NPK =7 va sO ca truc la 1 1 0 1 1 1 0 1
NCT = 14.Cac dléu klén phfl hOp chuyén mon 2 0 1 1 1 0 1 1
cua cac bac si va y ta doi véi cac phong kham 3 1 o 1 o0 1 1 1
duoc cho trong Bang 1 va Bang 2 (1 — phu hop, 4 o 1 1 1 1 10
0— khong phu hop). Céc diéu kién san sang tryc 5 1 1 1 1 o0 o0 1
cua cac bac si vay ta doi voi cac ca truc dugce 6 ) | 0 ) | ) 0
cho trong Bang 3 va Bang 4 (I — san sang, 0 —
A 2 , . A N 7 1 1 1 0 0 1 1
khong san sang). Cac chuong trinh 1dp trinh
trong mdi truong Matlab, thuc hién trén may tinh 8 L U
cu hinh: Intel(R) Core i7, CPU @ 2.50 GHz, o 0o b
RAM 8.0 GB, Win 10, 64 bit. LA S S S S S S
Bang 3. Bic si sin sang nhan budi truc
CaBS 1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 0 1 1 1 1 1 1 1 1 0 1 1 1 1
2 1 1 1 1 0 1 1 0 1 1 1 1 1 1
3 1 0 1 1 1 0 1 1 1 1 1 1 1 1
4 1 1 0 1 1 1 1 1 1 1 1 1 0 1
5 1 1 1 0 1 1 1 1 1 1 0 1 1 1
6 1 1 1 1 0 1 1 1 1 1 1 1 1 0
7 1 1 1 1 1 1 0 1 1 1 1 0 1 1
8 1 1 0 1 1 1 1 1 1 1 1 1 0 1
9 1 1 1 1 1 1 1 0 1 0 1 1 1 1
10 1 1 1 1 0 1 1 1 1 1 1 1 1 0
11 1 0 1 1 1 1 1 1 1 1 1 1 0 1
12 1 1 0 1 1 1 1 1 1 1 1 0 1 1
13 1 1 1 0 1 1 1 1 1 1 0 1 1 1
14 1 1 1 1 0 1 1 1 1 0 1 1 1 1
15 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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Bang 4. Y t4 sin sang nhan budi trye

CaYta 1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 0 1 1 1 1 1 1 1 1 1 1 1 1 1
2 1 1 1 1 0 1 1 1 1 1 1 1 1 1
3 1 1 1 1 1 1 0 1 1 1 1 1 1 1
4 1 1 1 1 1 1 1 1 1 1 1 1 0 1
5 1 1 1 1 1 1 1 1 1 1 1 1 1 0
6 1 1 1 1 1 0 1 1 1 1 1 1 1 1
7 1 1 1 1 1 1 1 1 1 1 1 0 1 1
8 1 1 1 1 1 1 1 1 1 1 0 1 1 1
9 1 1 1 1 1 0 1 1 1 0 1 1 1 1
10 1 0 1 1 1 1 1 1 1 1 1 1 1 1

4.1. Két qua chay thuit toan Greedy QH
Thoi gian thyc hién: 0.02 gidy

Bang 5. Lich trywe (SO hiéu bac si—y ta)

Phong Ca 1 2 3 4 5 6 7
1 3-1 15-6 9-3 13-10 6-5 14 -4 5-7
2 1-2 2-8 14-1 15-7 12-5 11-3 10-6
3 2-3 1-6 3-2 14-10 4-4 13-1 6-5
4 4-4 3-8 1-3 2-17 14-2 15-1 13-10
5 5-5 4-9 2-4 1-8 15-3 3-6 14-1
6 7-7 5-10 4-5 3-9 1-2 2-1 15-3
7 6-9 7—-1 5-8 9-10 3-5 1-7 2-2
8 8-10 6-2 7-6 4-1 5-7 2-5 1-8
9 9-1 8§—-4 6-2 5-3 7-10 4-8 10-5
10 10-2 11-5 8§-9 7-4 6-6 9-10 4-7
11 11-3 10-6 9-1 8-7 12 -8 6-9 5-10
12 12-4 13-7 10-3 11-6 8-9 7-2 9-8
13 13-7 12-8 11-4 10-9 9-10 8§-3 14-6
14 14-5 15-9 12-6 13-8 10-2 11-4 8—1

S6 budi truc bac si: cao nhat: 7, thap nhat: 5.

S6 budi truc y ta: cao nhat: 11, thap nhat: 9.

4.2. Két qua chay thuit toan Genetic QH
Thoi gian thuc hién: 0.12 gidy
Bang 6. Lich true (S6 hiéu bac si—y t4)

Phong Ca 1 2 3 4 5 6 7
1 8§-8 9-5 15-3 11-9 12-10 7-6 5-2
2 7-6 6-7 10-4 5-9 1-1 2-2 9-3
3 7-5 15-7 3-3 13-6 11-4 10-10 9-1
4 8§-3 14-9 7-8 10-4 12-1 15-7 6-10
5 7-8 5-5 4-7 13-4 1-6 9-9 3-1
6 5-7 14-4 8-8 9-1 6-10 1-2 10-5
7 5-9 10-5 4-10 3-1 2-6 84 9-2
8 12-3 10-38 15-7 6-6 14-10 4-9 5-5
9 6-7 15-2 2-3 13-10 12-38 4-6 11-9
10 14-6 2-17 15-2 11-1 8§—-4 7-10 6-3
11 11-9 13-6 1-5 3-10 7-4 4-3 6-2
12 13-1 2-4 9-5 5-9 12-6 3-2 11-8
13 12-6 9-6 2-3 13-9 14 -8 1-7 5-2
14 13-6 2-8 12-2 11-4 14-3 4-7 3-1
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S bubi truc bac si: cao nhét: 7, thép nhét: 6.
S6 budi truc y ta: cao nhat: 11, thip nhat: 9.
Nhén xét

+ Thong qua két qua thuc nghiém qua mot
bo sb liéu cu thé, chung ta théy ré“mg ca hai
thuat toan déu dua ra lich biéu gan tdi vu.

+ So sanh véi thuat toan Greedy QH thi
thoi gian thyc hién cua thuat toan
Genetic_QH 1a cham hon do qua trinh khoi
tao ngdu nhién cac phuong an can thoa méin
céc diéu kién rang budc cung véi thoi gian
thyc hién lai ghép va chon loc. Tuy nhién,

I3
.....

wu tot hon, khi sb 1an 13p cua thuat toan di
truyén 1a dii 16n vi thuat todn da xét dén ham
muc ti€u trong qua trinh thuc hién.

5. KET LUAN

No6i dung chinh cuia bai bao trinh bay mot
sO két qua nghién ctru vé cac thuat toan xap
xi. Trén co s¢ xay dung va phan tich mo6 hinh
bai toan lap lich truc tai phong kham trong
cac bénh vién, chung t6i dé& xuit hai thuat
toan giai quyét bai toan. Cac két qua thuc
nghiém da chig to tinh kha thi ctia cac thuét
toan d3 dé xut, cac thuét toan nay hoan toan
¢6 thé g dung dé 1ap lich biéu cho tt ca cac
phong kham tai cac bénh vién, véi s lidu dau
vao xuat phat tir thyc té.

Cac két qua c6 thé mé rong dé nghién ctru
thiét ké cac thuat toan x4p xi tim nghiém tdi
uu cho cac mo hinh 14p lich biéu, v&i cac hé
rang budc phirc tap hon nira trong thyc té.
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