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GIOI THIEU TONG QUAN
GIAO TRINH KIEN TRUC MAY TiNH

MUC PICH

Gi4o trinh ndy nham trang bi cho nguoi doc cac ndi dung chu yéu sau:

>  Lich sir phat trién cia may tinh, cac thé hé may tinh va cach phan loai may
tinh. Cach bién ddi co ban cua hé théng sb, cac bang ma thong dung dugc dung dé biéu
dién cac ky tu.

> Gidi thiéu cac thanh phan co ban ctia mot hé thong mdy tinh, khai niém vé kién
trac may tinh, tap 1énh. Céc kiéu kién trac may tinh: mé ta kién trac, cac kiéu dinh vi.

> Gi6i thiéu ciu trac cta bd xtr Iy trung tim: t6 chic, chic ning va nguyén 1y
hoat dong ciia cac bd phan bén trong bo xir Iy. M6 ta dién tién thi hanh mot 1énh ma may
va mot s6 ki thuat xir 1y thong tin: 6ng dan, siéu 6ng dan, siéu vo huéng, may tinh co
1énh that dai, may tinh véc-to, xt 1y song song va kién tric IA- 64.

>  Gidi thiéu chirc nang va nguyén ly hoat dong cua cac cap bo nhé may tinh,

>  Gidi thiéu mot s0 thiét bi luu trir ngoai nhu: dia tir, dia quang, the nha, bang tur.
Hé thong két ndi co ban cac bo phan bén trong may tinh. Cach giao tiép gitta cac ngoai vi
va bd xtr 1y.

>  Phuong phép an toan dit liéu trén thiét bi luu trit ngoai.

YEU CAU

Sau khi hoc xong mon hoc nay, nguoi hoc dugce trang bi cac kién thuc vé:

»  Sinh vién duogc trang bi kién thirc vé lich str phat trién cua may tinh, cac thé hé
may tinh va cach phan loai may tinh. Ném vitng cac khai niém co ban lién quan dén cac
hé thong s6 dugce dung trong may tinh. Thanh thao céc thao tac bién doi sé giita cac hé
thong sb.

>  Sinh vién co6 kién thic vé cac thanh phan co ban ciia mot hé thong mady tinh,
khai niém vé kién trtc may tinh, tap Iénh. Nim viing cac kién thirc vé cac kiéu kién trac
may tinh, cac kiéu dinh vi dugc dung trong kién trac, loai va chiéu dai cua toan hang, tac
vu ma may tinh cé thé thuc hién. Phan biét duoc hai loai kién trac: CISC (Complex
Instruction Set Computer), RISC (Reduced Instruction Set Computer). Cac kién thirc co
ban vé kién trac RISC, tong quat tap lénh cia cac kién trac mdy tinh.

>  Sinh vién phai nam viing cu tric cta bd xir 1y trung tdm va dién tién thi hanh
mot 1énh ma may, vi day 1a co s& dé hiéu duoc cac hoat dong xtr 1y 1énh trong cac ki
thuat xur 1y thong tin trong may tinh.

> Sinh vién phai hiéu dugc cac cap bd nhé va cach thirc van hanh cua cac loai bd
nhé dugc gio1 thi¢u dé c6 thé danh gid duoc hi¢u nang hoat dong cua cac loai b nhé.

»  Sinh vién phai nam vitng cac kién thuc vé hé théng két ndi co ban cac bd phan
bén trong may tinh, cach giao tiép giita cac ngoai vi va bo xir Iy. Biét dugc cdu tao va cac
van hanh ctia cac loai thiét bj luu trir ngoai va phuong phap an toan dit liéu trén dia ctng.
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NOI DUNG

>  Chuong I: PAI CUONG

Lich sir phat trién ctia may tinh, thong tin va su ma hoa thong tin.

>  Chwong II: KIEN TRUC PHAN MEM BQ XU LY

Gidi thiéu cac thanh phan co ban cia mot hé thdng may tinh, kién trac may tinh, tap
1énh va cac kiéu dinh vi co ban. Khai niém vé kién trac RISC va CISC, ngdn ngit cip cao
va ngon nglt may. )

>  Chwong III: TO CHUC BOQ XU LY

Gidi thiéu cdu tric caa bd xur 1y trung tdm: to chirc, chirc ning va nguyén 1y hoat
dong cua cac bg phén bén trong bg xu ly. Mot s6 k¥ thuat xt 1y thong tin.

>  Chwong IV: CAC CAP BQ NHO

Gi6i thigu chirc ndng va nguyén ly hoat dong cua cac cap bo nhé méy tinh.

>  Chuong V: NHAP - XUAT

Thiét bi ngoai vi: cac thanh phan va hé thdng lién két. Phuong phap an toan dit liéu
trén thiét bi luu trit ngoai

KIEN THUC TIEN QUYET
- KY THUAT SO (TH 313)
TAI LIEU THAM KHAO
1. Kién tric may tinh — V6 Van Chin, Pai hoc Can Tho, 1997.

2. Computer Architecture: A Quantitative Approach, 4. Patterson and J. Hennesy,
Morgan Kaufmann Publishers, 2nd Edition, 1996.

3. Computer Otganization and Architecture: Designing for Performance, Sixth
Edtion, William Stallings, Prentice Hall.

4. Principles of Computer Architecture, Miles Murdocca and Vincent Heuring
(internet- http://iilusaedu.com).

5. Computer Organization and Design: The Hardware/Software Interface, Patterson
and Hennessy, Second Edition (internet-http://engronline.ee.memphis.edu).

PHUONG PHAP HQC TAP

Do gi4o trinh chi mang tinh chét gidi thiéu téng quat nén ngudi doc can doc thém
cac tai li€u gidi thiéu vé kién trac cu thé cta cac bd xu 1y. Ngudi doc can tim hiéu thém
cac hinh anh va vi dy minh hoa trong céc tai li€u lién quan dé théy duoc sdu hon van dé
duoc dat ra.
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Chuong I: DAI CUONG

Muc dich: Gi6i thiéu lich sir phét trién ciia mdy tinh, cdc thé hé mdy tinh va cdch
phan logi may tinh. Gioi thiéu cac cach bién doi co ban cua hé thong so, cac bang ma
thong dung dwoc dung dé biéu dién cac ky tu.

Yéu cdu: Sinh vién dwoc trang bi kién thirc vé lich sir phdt trién ciia mady tinh, cdc
thé hé may tinh va cdch phdn loai mdy tinh. Nam viing cdc khai niém co ban lién quan
dén cdac hé théng sé dwoc ding trong mdy tinh. Thanh thao cdc thao tac bién doi sé giita
cdc hé thong sé.

1.1 CAC THE HE MAY TiNH
Su phat trién cta may tinh dugc mo ta dua trén sy tién bo clia cac cong nghé ché tao
cac linh kién co ban cua may tinh nhu: by xtr 1y, bd nhé, cac ngoai vi,...Ta c6 thé nodi

may tinh dién tir s trai qua bén thé hé lién tiép. Viéc chuyén tir thé hé trudc sang thé hé
sau duoc dac trung bang mot su thay doi co ban vé cong nghé.

a. Thé hé dau tién (1946-1957)

Hinh 1.1: May tinh ENIAC

ENIAC (Electronic Numerical Integrator and Computer) 1a may tinh dién ttr s6 dau
tién do Gido su Mauchly va nguoi hoc tro Eckert tai Pai hoc Pennsylvania thiét ké vao
nam 1943 va duoc hoan thanh vao nim 1946. Day la mot may tinh khong 16 véi thé tich
dai 20 mét, cao 2,8 met va rong vai mét. ENIAC bao gém: 18.000 den dién tir, 1.500
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cong tic tu dong, can nang 30 tan, va tiéu thy 140KW gid. N6 c6 20 thanh ghi 10 bit
(tinh toan trén s6 thap phén). Co kha nang thyc hién 5.000 phep toan cong trong mot
gidy. Cong viéc 1ap trinh bang tay bang cach ddu ndi cac dau cdm dién va dung cac ngit
dién.

Gido su toan hoc John Von Neumann di dua ra y tudng thiét ké may tinh IAS
(Princeton Institute for Advanced Studies): chuong trinh duoc luu trong bd nhé, bo diéu
khién s& léy 1énh va bién di gia tri cia dir liéu trong phr;in bo nho, b l1am toan va luan ly
(ALU: Arithmetic And Logic Unit) dugc diéu khién dé tinh toan trén dit liéu nhi phan,
diéu khién hoat dong cua cac thiét bi vao ra. Pay 1a mot ¥ tudng nén tang cho cic may
tinh hién dai ngay nay. May tinh nay con dugc goi 1a mdy tinh Von Neumann.

Vao nhitng nim dau cia thap nién 50, nhitng mdy tinh thwong mai dau tién duoc
dua ra thi truong: 48 hé may UNIVAC I va 19 hé may IBM 701 da dugc ban ra.

b. Thé hé thir hai (1958-1964)

Cong ty Bell di phat minh ra transistor vao nim 1947 va do d6 thé hé tht hai cua
may tinh dugc dic trung bang su thay thé cac dén dién tr bang cac transistor ludng
cyc. Tuy nhién, dén cudi thap nién 50, may tinh thuong mai dung transistor moi Xuat
hién trén thi truong. Kich thudc may tinh giam, re tién hon, tiéu tén ning lugng it hon.
Vao thoi diém nay, mach in va bo nhé bing xuyén tir dugce dung. Ngon ngit cAp cao xuit
hién (nhu FORTRAN nam 1956, COBOL nam 1959, ALGOL nim 1960) va hé diéu
hanh kiéu tuan ty (Batch Processing) duoc dung. Trong hé diéu hanh nay, chuong
trinh ctia nguoi dung thir nhat duoc chay, xong dén chwong trinh cta ngudi dung tht
hai va ctr thé tiép tuc.

c. Thé h¢ thir ba (1965-1971)
Thé hé thtr ba duoc danh dau béng su xudt hién cta cac mach két (mach tich hop -
IC: Integrated Circuit). Cac mach két do tich hop mat do thap (SSI: Small Scale
Integration) c6 thé chira vai chuc linh kién va két do tich hop mat do trung binh (MSI:
Medium Scale Integration) chira hang tram linh kién trén mach tich hop.
Mach in nhiéu 16p xuét hién, b nhé ban dan bat dau thay thé b nhd béng Xuyén tur.
May tinh da chuong trinh va hé diéu hanh chia thoi gian dugc dung.

d. Thé h¢ thir tw (1972-22??)

Thé hé tht tu duge danh déu bang cac IC ¢ mdt dé tich hop cao (LSI: Large Scale
Integration) c6 thé chira hang ngan linh kién. Cac IC mat do tich hop rit cao (VLSI: Very
Large Scale Integration) c6 thé chira hon 10 ngan linh kién trén mach. Hién nay, cac chip
VLSI chira hang triu linh kién.

Véi su xuat hién cua bo vi xt 1y (microprocessor) chira ca phan thuc hién va phan
diéu khién ctia mot b xir 1y, sy phét trién cua cong nghé ban din cac may vi tinh da duoc
ché tao va khdi dau cho cac thé hé may tinh ca nhan.

Cac bd nhé ban dan, bo nhé cache, bo nhé ao duogc dung rong rai.

Cac k¥ thuat cai tién téc d6 xtr Iy cua may tinh khong ngimg duoc phat trién: ki
thuat dng dan, ky thuat v hudng, xir 1y song song mirc do cao, ...

e. Khuynh hudéng hién tai
Viéc chuyén tir thé hé tht tu sang thé hé thir 5 con chua rd rang. Nguoi Nhat da
va dang di tién phong trong cac chuong trinh nghién ctru dé cho ra doi thé h¢ tha 5 cua
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may tinh, thé hé ciia nhitng may tinh thong minh, dwa trén cic ngdn ngir tri tué¢ nhan tao
nhu LISP va PROLOG,.,... va nhimng giao dién nguoi - may thong minh. Dén thoi diém
nay, cac nghién ctru da cho ra cac san pham budc dau va gan day nhit (2004) 13 sy ra mat
san pham nguoi may thong minh gan giong voi con nguoi nhat: ASIMO (4dvanced Step
Innovative Mobility: Budc chan tien tién cia déi méi va chuyen dong). Vo1 hang tram
nghin may moc dién tu tbi tan dat trong co thé, ASIMO c6 thé 1én/xudng cau thang mot
cach uyén chuyén, nhan dién ngudi, cic cir chi hanh dong, giong noi va dap tmg mot sd
ménh [énh cua con nguoi. Thdm chi, nd co thé bat chudc ctr dong, goi tén nguol va cung
cAp thong tin ngay sau khi ban hoi, rat gan giii va than thién. Hién nay c6 nhiéu cong ty,
vién nghién ctru ciia Nhat thué Asimo tiép khach va huéng din khach tham quan nhu:
Vién Bao tang Khoa hoc ning lugng va Doi méi qudc gia, hang IBM Nhat Ban, Cong ty
dién lyc Tokyo. Hang Honda bat dau nghién ctru ASIMO tir nim 1986 dua vao nguyén ly
chuyén dong bang hai chan. Cho tdi nay, hing da ché tao duoc 50 robot ASIMO.

Céc tién bo lién tuc vé mat do tich hop trong VLSI da cho phép thuc hién cac
mach vi xir Iy ngay cang manh (8 bit, 16 bit, 32 bit va 64 bit véi viéc xuat hién cac bod
xu 1y RISC ndm 1986 va cac bo xt ly si€u vo hudng nam 1990). Chinh cac bd xur 1y
ndy gitp thuc hién cidc may tinh song song voi tir vai bd xtr 1y dén vai ngan bd xu 1y.
Diéu nay 1am cac chuyén gia vé kién trac mdy tinh tién doan thé hé tht 5 1a thé hé cac
may tinh xtr ly song song.

Thé hé Nam K§ thuat | Sin phim méi Hing san xuat va may
tinh
1 1946- | bén di¢n | May tinh di¢n tu | IBM 701. UNIVAC
1957 tur tung ra  thi
truong
2 1958- | Transistors | May tinh ré tién | Burroughs 6500, NCR,
1964 CDC 6600, Honeywell
3 1965- | Mach IC May tinh mini 50 hang mai: DEC PDP-11,
1971 Data general ,Nova
4 1972- | LSI-VLSI | May tinh ca| Apple II, IBM-PC, Appolo
277? nhan va tram | DN 300, Sun 2
lam viéc
57?7 | 72772777 | Xt ly song | May tinh da xir | Sequent ? Thinking
song y. Da may tinh | Machine Inc.? Honda, Casio

Bing 1.1: Cdc thé h¢ mdy tinh

1.2 PHAN LOAI MAY TiNH

Thong thuong may tinh dugc phan loai theo tinh nang ky thuat va gia | tién.

a. Cdc siéu mdy tinh (Super Computer): 1a cic may tinh dat tién nhat va tinh
ning k¥ thuat cao nhat. Gia ban mdt siéu may tinh tir vai triéu USD. Céc siéu may tinh
thudng 13 cac may tinh vecto hay cac may tinh dung k¥ thudt vo huéng va duoc thiét ké
dé tinh toan khoa hoc, mé phong cac hién tugng. Cac siéu may tinh dugc thiét ké voi ky
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thuat xtr Iy song song véi rat nhiéu bo xir Iy (hang ngan dén hang trim ngan bo xir 1y
trong mot si€u may tinh).

b. Cdc mdy tinh I6n (Mainframe) 13 loai may tinh da dung. N6 c6 thé dung
cho cac ung dung quan ly cling nhu cac tinh toan khoa hoc. Dung k¥ thuat xur 1y song
song va c6 hé thong vao ra manh. Gia mot may tinh 16n c6 thé tir vai trim ngan USD dén
hang tri¢u USD.

¢.  May tinh mini (Minicomputer) 13 loai may cé trung, gia mgot may tinh mini
c6 thé tir vai chuc USD dén vai tram ngan USD.

d.  May vi tinh (Microcomputer) la loai may tinh dung bo vi xur ly, gia mot
may vi tinh co thé tir vai trim USD dén vai ngan USD.

1.3 THANH QUA CUA MAY TiNH

QUI LUAT MOORE VE SU PHAT TRIEN CUA MAY TiNH

Hinh I-2 cho thay dién bién ctia thanh qua tbi da cua may tinh. Thanh qua nay
tang theo ham s mii, d6 tang trudng cac ‘may vi tinh la 35% mo61 nam, con d6i véi cac
loai may khac, do ting truong 1a 20% mdi nam. Piéu nay cho thy tinh ning cic may
vi tinh di vuot qua cac loai may tinh khac vao dau thap nién 90 .

A

1000 . Super Computers

100

10

/ Micro Processor

1965 1970 1975 1980 1985 1990 1995 2000

0.1

v

Hinh 1.2: Danh gia thanh qua cia mdy tinh

May tinh dung that nhidu bo xu 1y song song rat thich hop khi phai lam tinh
that nhiéu.

Sy ting trudng theo ham sé mil cua cong nghé ché tao transistor MOS 1a
nguoén gbc cua thanh qua cac mdy tinh.

Hinh .4 cho thay su ting truong vé tan sb xung nhip cua cac bg xu ly MOS.
D¢ tang truong cua tan s6 xung nhip bo xir ly tang gap doi sau mdi thé hé va do tri
hoan trén moi cong / xung nhip gidm 25% cho moi ndm .

Su phat trién ctia cong nghé may tinh va déc biét la sy phat trién ctia bo vi xur Iy
clia cic may vi tinh 1am cho cic may vi tinh 6 tde d6 vuot qua tde do b xur 1y cia cac
may tinh 16n hon.
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Kién tric may tinh

Chuong I: Dai cwong

MOORE'S LAW

transistors

1,0000,000,000

Irvte] ™ Itanium ™ 2 Procassor

Irtel® itaniume Processor "r
INtel  Pentivm B 4 Procossor 100,000,000
INteln Pentiums il Processor
A by Wit %
Intelass ;ﬁ.;mcy/ -~
100,000
et
A004a =
1970 1975 1980 1985 1990 1995 2000 2008 0
B xir Iy Intel Nam SX Sé lwong transistor tich hop
4004 1971 2,250
8008 1972 2.500
8080 1974 5,000
8086 1978 29,000
286 1982 120,000
Intel386™ processor 1985 275,000
Intel486™ processor 1989 1,180,000
Intel® Pentium® processor 1993 3,100,000
Intel® Pentium® II nrocessor 1997 7.500.000
Intel® Pentium® III processor 1999 24.000.000
Intel® Pentium® 4 processor 2000 42,000,000
Intel® Itanium® processor 2002 220.000.000
Intel® Itanium® 2 processor 2003 410,000,000

Hinh 1.3 va Bing 1.2: Sw phit trién ciia bg xir ly Intel

dwa vao so lwgng transistor trong mot mach tich hop theo qui ludt Moore

Tu nam 1965, Gordon Moore (dong sang lap cong ty Intel) quan sat va nhén thy
s transistor trong mdi mach tich hop c6 thé ting gap do6i sau moi ndm, G. Moore dé dua
ra dy doan: Khd nang ciia mdy tinh sé tang lén gap doi sau 18 thang voi gia thanh la

nhw nhau.

Két qua cta quy luat Moore 1a:

*  Chi phi cho may tinh s& giam.
=  Giam kich thudc cac linh kién, may tinh s€ giam kich thudc

= H¢ thong két ndi bén trong mach ngan: tang do tin cdy, tang tbc do .
= Tiétkiém nang luong cung cép, toa nhiét thap.

= Cac IC thay thé cho céc linh kién roi.

11
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10,000 ¢ — T 100
C e |1yt | Tan so xung nhip b xe
E e [BM Powier P LF ting lén gap déisau ]
i = DEC moi the hé. o
& Gate delaysfclock 7]
F F —
1,000 212845 E
21164A u
IS 2.
3
= E
(]
£
100 5
10 1

2001
2003
2005

1 1 1 1 1 1 1
iy & - 3 Ly |y &
o oo & Lz Loz & L2
& & & & & & &
— — — — — — —

Hinh I1.4: Xung nhip cac bo xw ly MOS

Mt 56 khdi nigm lién quan:
= Mat d6 tich hop 1a sb linh kién tich hop trén mot dién tich bé mit tim
silicon cho sén, cho biét s6 nhiém vu va mach c6 thuc hién.
= Tén s6 xung nhip bd xtr Iy cho biét tan sb thue hién cac nhiém vuy.
= Tdc do xir Iy ciia may tinh trong mot gidy (hay cong suét tinh toan cua moi
mach): dugc tinh bang tich ctia mat do tich hop va tan s6 xung nhip. Cong suat nay ciing
tang theo ham mii d6i voi thoi gian.

I.4- THONG TIN VA SU MA HOA THONG TIN
I.4.1 - Khai niém théng tin

r

Hiéu thé
Vt,

ol j\

Vt, \
N

t t) Thoi gian

Hinh 1.5: Théng tin vé 2 trang thdi cé y nghia ciia hi¢u di¢n thé
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Kién triic may tinh Chuong I: Pai cwong

Khai niém vé thong tin gin lién véi su hiéu biét mot trang thai cho sin trong
nhi€u trang thai c6 thé c6 vao mot thoi di€m cho trude.

Trong hinh nay, ching ta quy udc co hai trang thai co ¥ nghia: trang thai thap
khi higu dién thé thap hon V| va trang thai cao khi hi¢u dién thé 16n hon Vy. Bé cé
thong tin, ta phai xac dinh thoi diém ta nhin trang thai cua tin hi€u. Thi dy, tai thoi
diém t, thi tin hiéu & trang thai thip va tai thoi diém t, thi tin hiéu & trang théi cao.

1.4.2 - Lwong thong tin va sy ma hoa thong tin
Théng tin duoc do luong bang don vi thong tin ma ta goi 1a bit. Luong thong
tin dugc dinh nghia bdi cong thuec:

I =TLog,(N)

Trong d6: I: 13 luong thong tin tinh bang bit
N: 1a s6 trang thai co6 thé co
Vay mot bit ing voi su hiéu biét ciia mot trang thai trong hai trang thai c6 thé
c6. Thi du, sy hiéu biét cia mot trang thai trong 8 trang thai ¢ thé tmg véi mot luong
thong tin la:

I =Log,(8) =3 bit

Tam trang thai dugc ghi nhan nho 3 s6 nhi phan (mdi sb nhi phan co thé co
gia tri 0 hodc 1).

Nhu vdy luong thong tin 14 sé con sb nhi phan can thiét dé biéu dién sb trang
thai c6 thé c6. Do vay, mot con sd nhi phan dugce goi 1a mot bit. Mot tir n bit ¢6 thé
trong trung mot trang thai trong tong sd 2" trang thai ma tir 46 co thé tugng trung.
Vay mot tur n bit trong ing vo1 mdt lugng thong tin n bit.

Trang thai | X2 X1 X0
0 0 0 0
1 0 0 1
2 0 1 0
3 0 1 1
4 1 0 0
5 1 0 1
6 1 1 0
7 1 1 1

Bing I.3: Tdm trang thdi khdc nhau irng véi 3 sé6 nhi phéin

1.4.3 - Biéu dién cac sb:
Khai niem hé thong s6: Co s& cia mot hé thong s6 dinh nghia pham vi cac gia

tri c6 thé c6 ctia mot chir s0. Vi du: trong hé thap phan, mot chir s6 c6 gia tri tir 0-9, trong
hé nhi phan, mot chir sO (mot bit) chi c6 hai gid tri 1a 0 hoac 1.

Dang tong quat dé biéu dién gia tri cia mot sd:
n-1
= 2 b, - K
i=-m
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Trong do:
Vi: SO can biéu dién gié tri
m: sb thir tu cta chit s phan 1é
(phan 1¢ ctia s6 ¢6 m chir s6 dugc danh sb thi tu tir -1 dén -m)
n-1: s6 thir tw ctia chir s6 phan nguyén
(phan nguyén cua sb ¢ n chir sb duoc danh s thi ty tir 0 dén n-1)
b;: gia tri cua chit s6 thtr i
k: hé sb (k=10: hé thap phan; k=2: h¢ nhi phan;...).
Vi du: bicu dién s6 541.25 1
541.25,=5%10°+4 %10 +1*10"+2*10- +5* 10-
=(500),, + (40),, + (1), + (2/10),, + (5/100),,

Mot may tinh dugc chu yéu ciu tao béng cac mach dién tir c6 hai trang thai. Vi
vay, rat tién loi khi dung cac s6 nhi phan dé biéu dién sd trang thai ciia cac mach dién
hodc dé m3 hod cac ky tu, cac s6 can thiét cho van hanh cta may tinh.

Dé bién d6i mot sb hé thap phan sang nhi phan, ta c¢6 hai phuong thirc bién dbi:

- Phuong thuc sé du dé bién ddi phan nguyén ctia s6 thap phan sang nhi phan.

Vi du: P6i 23.37510 sang nhi phan. Chiing ta s& chuyén dbi phan nguyén dung
phuong thire s6 du:

bit gilr

23/2 — 11 1 —==— bitco trong

1 A 5 A
A g sO nho nhat
11/2 — s 1

1
W
s/2 — > 1

1
W
>/2 — 1 o

1
w
1/2 - o) 11—

(230 — (1011 1)

- Phuong thirc nhan dé bién ddi phan 1é cua sé thap phan sang nhi phan
bit co trong
0.75  sO 1on nhat

375 0w 2 =
]
Y
75 e 2 = 1.5
I
¥
5 = 2 = 1.0
A bit co trong
(37500 =001 1) sO nho nhat

Két qua cudi ciing nhan dugc 1a: 23.375,,= 10111.011,

Tuy nhién, trong viéc bién d6i phan 1¢ ctia mot s6 thap phan sang so nhi phan
theo phuong thirc nhan, c6 mdt s6 truong hop viéc bién doi so 1ap lai vo han
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Vi du:

2 X 2 = 04
|

\]

4 X 2 = 0.8
|

\]

.8 X 2 = 1.6
|

\J

.6 X 2 = 1.2
|

\J

2 X 2 = 04

Truong hop bién doi s6 nhi phan sang cac hé thong s6 khac nhau, ta c6 thé
nhom mot s6 cac sO6 nhi phan dé biéu dién cho s6 trong hé thong s6 tuong tng.

Binary Octal Decimal Hexadecimal

(Base 2) (Base 8) (Base 10) (Base 16)
0000 0 0 0
0001 1 1 1
0010 2 2 2
0011 3 3 3
0100 4 4 4
0101 5 5 5
0110 6 6 6
0111 7 7 7
1000 10 8 8
1001 11 9 9
1010 12 10 A
1011 13 11 B
1100 14 12 C
1101 15 13 D
1110 16 14 E
1111 17 15 F

Théng thudng, ngudi ta nhém 4 bit trong hé nhi phan hé dé biéu dién sb dudi
dang thap luc phan (Hexadecimal).
Nhu vay, dua vao cach biéq doi §6 trong bang néu trén, ching ta c6 vi du vé
cach bién doi céac so trong cac hé thong s6 khac nhau theo hé nhi phan:
. 1011,=(10,)(11,) =23,
. 23,=(2)(B,)=(10,)(11,)=1011,
101010, = (101,)(010,) = 524
e 01101101,=(0110,)(1101,) =6D,
MOt tir n bit ¢6 thé biéu din tat ca cac sé duong tir 0 tGi 2"-1. Néu d; 1a mot sd
nhi phan tha 1, mot tir n bit twrong rng vé1 mdt s6 nguyén thap phan.

n-1 )
N = ZdiZ'
i=0
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Mot Byte (gom 8 bit) c6 thé bicu dién cac s tir 0 tdi 255 va mdt tir 32 bit cho
phép biéu dién cac sb tir 0 toi 4294967295,

1.4.4 S6 nguyén c6 diu

C6 nhiéu cach dé biéu dién mot sd n bit c6 ddu. Trong tat ca moi cach thi bit
cao nhat luon tuong trung cho dau.

Khi d6, bit ddu c6 gia tri 13 0 thi s nguyén dwong, bit ddu co6 gia tri 1a 1 thi sb
nguyén am. Tuy nhién, ciach biéu dién dau nay khong dung trong truong hop so6 dugc
biéu dién bang so6 thira K ma ta s€ xét & phan sau trong chwong nay (bit dau co6 gia tri
l1a 1 thi s6 nguyén duong, bit dau co6 gia tri 1a 0 thi s6 nguyén am).

dpt dun dus ce d, d, do

t bitddu
S6 nguyén co bit d,_; 1a bit dAu va co tri $b tuong trung bdi cac bit tur dy to1 d,,.; .
a) Cdch biéu dién bang tri tuyét doi va diu
Trong cach nay, bit dy.; 12 bit dau va céc bit tir dy t6i dy.» cho gi tri tuyét doi.
Mot tur n bit tuong trng véi s nguyén thép phan c6 dau.

= (-1)% Zdr

Vi du: +25,,= 00011001, -25,,= 10011001,
- Mot Byte (8 bit) c6 thé biéu dién cac sd ¢ dau tir -127 t&i +127.
- Cb hai cach biéu dién s6 khong 1a 0000 0000 (+0) va 1000 0000 (-0).
b) Cdch biéu dién héing soé bu 1
~ Trong cach biéq dién nay, s6 am -N dugc co bing cach thay cac s6 nhi phan d;
cua sO0 duong N bang s0 bu ctia n6 (nghia l1a néu d; = 0 thi nguoi ta d6i n6 thanh 1 va
nguoc lai).
Vi du: +25,,= 00011001, -25,,= 11100110,
- Mot Byte cho phép biéu dién tat ca cac s6 ¢ dau tir -127 (1000 0000,) dén
127 (0111 1111,)
- €06 hai cach biéu dién cho 0 13 0000 0000 (+0) va 1111 1111 (-0).
¢) Cdch biéu dién bing sé bu 2
Pé ¢6 s6 bu 2 cia mot sd nao do, ngudi ta 1ay sb bu 1 rdi cong thém 1. Vay
mot tur n bit (d,.g ....... dy) c6 tri thap phan.

n-2
N=-dy ;2" 1+ Dd;2
i=0
Mot tir n bit c6 the bicu dién cac s6 ¢6 dau tir - 2™ dén 2™' - 1. Chi c6 mot
cach duy nhat dé biéu dién cho s6 khong 1a tat ca cac bit ctia s6 d6 déu bang khong.
Vi du: +25,,= 00011001, -25,,= 11100111,
- Dung 1 Byte (8 bit) dé biéu dién mot s6 c6 dau 16n nhat 1a +127 va s6 nhd
nhat 1a —128.
- Chi c6 mét gia trj 0: +0 = 00000000,, -0 = 00000000,
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d; | dy | d; [ do | N d; | dy, | dy | dy | N
00 000 1 00 {0 -8
0101011 1 1 10101 -7
0 0 1 0 | 2 1 0 1 | 0 |-6
01011 1 3 1 0 | 1 | -5
0 1 0101 4 1 1 101014
0 1 0 |1 5 1 1 0 1 -3
0 | 1 01 6 1 | 1 10 -2
0 1 1 1 7 1 1 1 1 | -1
Bing 1.4: S6 4 bit ¢é diu theo cdch biéu dién sé Gm bing sé bu 2

d) Cich biéu dién bang sé thiva K
) Trong cach nay, sd duong cua mot sd N c6 dugc bang cach “céng thém vao”
s0 thtra K dugc chon sao cho tong cua K va mét s6 am bat ky luén luén duong. S6 am
-N cua s6 N ¢6 dugc bang cack lay K-N (hay lay bu hai cua so6 vira xac dinh).
o Vidw (so thira K=128, s6 0 “cong thém vao” 128 la mot s6 nguyén duong. S6 4m
13 s6 14y bu hai sb vira tinh, bo qua sd gitt cua bit cao nhat) :
+25,,=10011001, -25,,=01100111,
- Dung 1 Byte (8 bit) dé biéu dién mot s6 c6 dau 16n nhat 1a +127 va s6 nhd
nhat la —128,
Chi c6 mét gid tri 0: +0 = 10000000,, -0 = 10000000,

Céach biéu dién s6 nguyén c6 diu bang sb bu 2 dugc dung rong rai cho cac
phép tinh sé nguyén. N6 c6 loi 1a khong can thuit toan dic biét nao cho cac phép tinh
cong va tinh trir, va gitip phat hién dé dang cac truong hop bi tran.

Céc cach biéu dién bﬁng "déu , tri tuyét d6i" hodc bﬁng "s6 bu 1" dan dén viée
dung cac thuat toan phirc tap va bat loi vi ludn c6 hai cach biéu dién cua sé khong.
Cach biéu dién bing "ddu , tri tuyét doi" duoc dung cho phép nhan cua sb c6 dau
cham dong.

Céach biéu dién bang sb thira K dugc dung cho sé mil cua cic sb c6 ddu chim
dong. Cach nay lam cho viéc so sanh céc s6 mil ¢ dau khac nhau tré thanh viée so
sanh cac s6 nguyén duong.

I.4.5 - Cach biéu dién s véi dau cham dong:
Trude khi di vao cach biéu dién sé voi ddu chdm dong, ching ta xét dén cach
biéu dién mot s dudi dang dau chim xéac dinh.
Vi du:
- Trong hé thap phan, s6 254, c6 thé biéu dién dudi cac dang sau:
254 % 10%; 25.4%10'; 2.54 * 107 0.254* 10”; 0.0254 * 10";
- Trong hé nhi phan, s6 (0.00011), (twong duong vé6i s6 0.0937510) ¢o
thé biéu dién duéi cac dang :
0.00011; 0.00011 *2°; 0.0011 *2:0.011 * 2% 0. 1*2% 11 *
Céc cach biéu dién nay gy kho khan trong mot sd phép so sanh cac s6. Bé d&
dang trong cac phép tinh, cac s6 duoc chudn hod vé mot dang biéu dién:
+ 1. fff...fx 2*F
Trong d6: £1a phan 1¢; E 1 phan mi
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Kién tric may tinh

S6 cham dong dugc chuan hod, cho phép biéu dién gan dung cac s6 thap phén rat
16n hay rat nho dudi dang mot sd nhi phan theo mot dang qui wdc. Thanh phan cia sd
cham dong bao gom: phan ddu, phan mii va phan dinh tri. Nhu vay, cach nay cho phép
biéu dién gan dung cac sb thuc, tat ca cac sd déu c6 cung cach biéu dién.

C6 nhiéu cach biéu dién dau chdm dong, trong d6 cach biéu dién theo chuaiin
IEEE 754 dugc dung rong rai trong khoa hoc may tinh hién nay. Trong cach biéu dién
nay, phan dinh tri c6 dang 7,/ v61 s0 7 an tang va f'1a phan so 1€.

Chuan IEEE 754 dinh nghia hai dang biéu dién s6 chdm dong:

’ - S6 chdm dong chinh xac dop voi dinh dang dugc dinh nghia: chiéu dai
s0: 32 bit dugc chia thanh cac truong: dau S (Sign bit - 1 bit), mi E (Exponent - 8
bit), phan 1¢ F (Fraction - 23 bit).

S6 nay tuong Gng vai s6 thuce (-1)° * (1,f) £, ..... fr3) * 212D
bit 31 30 23 22 bit 1 bit 0
S E fi f; f | f23

Hinh I.7: Biéu dién sé cé diu chim déng chinh xdc don véi 32 bit
) - S6 chdm dong chinh xac kép v61 dinh dang dugc dinh nghia: chiéu dai
s0: 64 bit dugc chia thanh cac truong: dau S (Sign bit - 1 bit), mi E (Exponent - 11
bit), phan 1¢ F (Fraction - 52 bit)

S6 nay tuong Gmg vai s6 thue (-1)° * (1f, £, ..... fsy) * 25 71029
bit 63 62 52 51 bit 1 bit 0
S E f) H | fs1 | fs
Hinh 1.8: Biéu dién sé c6 diu chim déng chinh xdc kép véi 64 bit

pé thuzfm loi trong mot ) phép tinh toan, IEEE dinh nghia mdot sb dang mo
rong cua chuan IEEE 754:

Tham s Chinh M6 rong Chinh M6 rong
xac don | chinh xac don | Xa¢ k€p | chinh xac kép

Chiéu dai (bit) 32 > 43 64 > 79
Chiéu dai truong mii (E) 8 >11 11 > 15
S6 thira 127 - 1023 -
Gid tri mil t6i da 127 > 1023 1023 > 16383
Gid tri mii toi thiéu -126 -1022 1022 <-16382
Chiéu dai truong 1é F (bit) 23 > 31 52 >63

Chuan IEEE 754 cho phép biéu dién cac sé chuan hoa (cac bit cua E khong
cung lac béng 0 hoac bang 1), cac s6 khong chuén hoa (céac bit cua E khong cung luc
bing 0 va phan s6 16 f1 £2 ... khac khong), tri s6 0 (cac bit cua E khong cung luc bang
0va phan s6 1é bang khong), va cac ky tu dic biét (cac bit cua E khong cing lic bang
1 va phéan 1¢ khac khong).

Vi du cac budc bién doi s6 thap phan -12.625,, sang s6 chim dong chudn IEEE
754 chinh xac don (32 bit):
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> Budc 1: Doi s6 -12.625,, sang nhj phan: -12. 62510 -1100.101,.

> Budc 2: Chuan hoa: -1100.101, =-1.100101, x 2’ (S6 1.1001012 dang 1.f)

> Budc 3: Dién céc bit vao cac trudng theo chudn:

S6 am: bit déu S ¢6 gid tri 1.

Phan mu E vo1 so thtra K=127, ta co: E-127=3
= E=3+127=130 (1000 0010,).

32 bit
A
i Il N
Két qua nhan dugc: 1 1000 0010 1001 0100 0000 0000 0000 000
L Y S —~ —
S E F

1.4.6 - Bi¢u dién cac so6 thap phan

Mot vai Ung dung, ddc biét ung dung quan ly, bat budc cac phép tinh thap
phén phai chinh xac, khong lam tron s6. V61 mot so bit c¢d dinh, ta khong thé d6i mot
cach chinh xac s6 nhi phan thanh s  thap phan va ngugce lai. Vi vay, khi can phai dung
s6 thap phan, ta dung cach bleu dién so thap phan ma bang nhi phan (BCD: Binary
Coded Decimal) theo ¢6 mdi sé thap phan dugc ma véi 4 sé nhi phan (bang 1.6).

Sothap |d; |dy, | dy | dy | Sothap | d; [d, | dy | do
phin phéin

0 00|01 O 5 0|1 ]0|1

1 00|01 6 0|1 [1]0

2 0|0/ 1]0 7 01|11

3 00|11 8 10|01 oO

4 ol1]0]o0 9 1]0]0 1

Bing I.5: S6 thdp phén ma bang nhi phéin
Pé biéu dién s6 BCD c6 dau, nguoi ta thém s6 0 trudc mot s6 duong can tinh, ta
c6 s6 am cuia s6 BCD bang cach ldy bu 10 s can tinh.
Vi du: biéu dién s6 +079,, bang s6 BCD: 0000 0111 1001

Bu 9 1001 0010 0000
+1
Bu 10 1001 0010 0001

Vay, ta c6: S6 - 079,, trong cach biéu dién s6 BCD: 1001 0010 0001 gcp.

Cach tinh toan trén tuong duong véi cach sau:
o Trudc hét ta lay sb bu 9 ctia s6 079 bang cach: 999 - 079 = 920.
o Cong 1 vao sd bu 9 ta duge sd bu 10: 920 + 1 =921.
o Biéu dién s6 921 dué6i dang s6 BCD, ta c6: 1001 0010 00015cp

1.4.7 - Bi¢u dién cac ky tu

Tuy theo cac hé théng khac nhau, co thé st dung cic bang ma khac nhau:
ASCIL, EBCDIC, UNICODE,....Cac h¢ thong trude day thuong dung bang mé ASCII
(American Standard Codes for Information Interchange) dé biéu dién céc chit, so va
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mot s6 dau thuong dung ma ta goi chung 1a ky tu. Mdi ky tu dugc biéu dién boi 7 bit
trong mot Byte. Hién nay, mdt trong cac bang ma thong dung dugc dung 1a Unicode,
trong bang ma nay, moi ky tu dugc ma hod boi 2 Byte.

00 NUL | 10 DLE [20 SP [30 0 40 (@ 50 P 60 ) 70 p
01 SOH |11 DC1 | 21 ! 31 1 41 A 51 Q 61 a 71 q
02 STX | 12 DC2 | 22 " 32 2 42 B 52 R 62 b 72 r
03 ETX | 13 DC3 | 23 = 33 3 43 C 53 S 63 c 73 s
04 EOT | 14 DC4 | 24 S 34 4 44 D 54 T 64 d T4 t
05 ENQ | 15 NAK| 25 % 35 5 45 E 55 u 65 e 75 u
06 ACK| 16 SYN|26 & 36 6 46 F 56 WV 66 f 76 W
07 BEL | 17 ETB | 27 ! 37 7 47 G 57T W 67 e T7 W
08 BS 18 CAN| 28 ( 38 8 48 H 58 X 68 h 78 x
09 HT 19 EM 29 ) 39 9 49 | 59 Y 69 i 79 v
0OA LF 1A SUB | 2A * 3A : 4A ) 5A Z 6A TA =z
0B VT 1B ESC | 2B + 3B : 4B K 5B [ 6B k B {
0C FF 1C FS 2C 7 3¢ < 4C L 5C N 6eC 1 7C |
0D CR 1D GS 2D - 3D = 4D M 5D ] 6D m 7D}
OE SO 1E RS 2E ; 3JE = 4E N 5E o 6E n TE ~
OF SI 1F US 2F / 3F ? 4F O S _ oF o 7F DEL
NUL Null FF Form feed CAN Cancel
SOH Start of heading CR  Carriage return EM End of medium
STX Start of text SO Shift out SUB Substitute
ETX End of text Sl Shift in ESC Escape
EOT End oftransmission DLE Data link escape FS File separator
ENQ Enquiry DC1 Device control 1 GS Group separator
ACK Acknowledge DC2 Device control 2 RS Record separator
BEL Bell DC3 Device control 3 us Unit separator
BS Backspace DC4 Device control 4 SpP Space
HT Horizontal tab NAK Negative acknowledge DEL Delete
LF Line feed SYN Synchronous idle
VT Vertical tab ETB End of transmission block
? ~
Bang ma ASCII
- ~ 00 NUL | 20 DS 40 SP |60 — 80 A0 co EO
01 SOH |21 SOS |41 61 / 81 a Al ~ Cl A |EI
Bang ma 02 STX |22 FS 42 62 82 b A2 s c2 B |E2 S
EBCDIC 03 ETX | 23 43 63 83 ¢ A3t 3 C |E3 T
04 PF 24 BYP |44 64 84 d A4 u C4 D |E4 U
05 HT |25 LF 45 65 85 e AS v s E |E5S WV
06 LC 26 ETB | 46 66 86 f A6 w |[Co F |E6 W
07 DEL |27 ESC |47 67 87 g AT x C7 G |E7 X
08 28 48 68 88 h A8 vy C8 H |E8 Y
09 29 49 69 89 i A9 =z co 1 E9 Z
0A SMM| 2A SM [4A ¢ |6A ° BA AA CA EA
i i 0B VT |2B CU2 |4B 6B 8B AB CB EB
* EBCDIC IS an B-blt 0C FF 2C 4C < oC ‘V,o 8C AC CcC EC
code. ODCR |2DENQ|4D ( |6D _ |sD AD CD ED
0E SO 2E ACK|4E + 6E > |8E AE CE EE
OF SI 2F BEL | 4F | oF 7 8F AF CF EF
10 DLE | 30 50 & 70 90 BO DO } FO 0
11 DCI |31 51 71 91 i Bl Dl ] F1 1
12 DC2 [ 32 SYN| 52 72 92 k B2 D2 K F2 2
13 TM |33 53 73 93 1 B3 D3 L F3 3
STX Start of text RS Reader Stop D( 14 RES |34 PN >4 4 %4 m B4 D4 M k44
DLE Data Link Escape PF  Punch Off pq 15 NL |35 RS |55 75 95 n |B5 D5 N [F5 5
RCK Acknowiedze PN Puchon . cif 16 BS 36 UC |56 76 26 o |BS D6 O fF6 6
o1 S R N O O R [
BYP Bopaes R (éﬁéii‘gg?z'g{l?rln M 19 EM |39 59 79 99 ? B9 D9 R |Fo 9
TR N N o S O S S
SI Shiftln TM Tape Mark NAIB CUl [3BCU3 |5B § (7B # [9B BB DB FB
DEL Delet FS FiddSeparator S¢| 1C IFS |3C DC4 [5C - |7C @ |oC BC DC FC
SUB  Substitute HT Horizontal Tab IG| 1D IGS | 3D NAK| 5D ) 7D ! 9D BD DD FD
IF  Line Fecd UC Uppercase 10| LE IRS | 3B SE; [7B = |9E BE DE FE
IF TUS |3F SUB|5F — |[7F " 9F BF DF FF




Kién tric may tinh

Chuong I: Dai cwong

0000 NUL [ 0020 SP | 0040 (@ | 0060 0080 Ctrl [ 00A0 NBS|ooco A ODEO &
0001 SOH | 0021 ! 0041 A 0061 a 0081 Ctrl | 00A1 00C1 A 00E1 &
0002 STX | 0022 " 0042 B 0062 b 0082 Ctrl | 00A2 ¢ 00C2 A 00E2 &
0003 ETX [ 0023 # |o0043 C 0063 ¢ 0083 Ctrl | 00A3 £ 00C3 A 00E3 4
0004 EOT | 0024 § |0044 D 0064 d 0084 Ctrl | 00A4 o 00Cc4 A 00E4 &
0005 ENQ | 0025 % 0045 E 0065 e 0085 Ctrl | 00AS T 00Cs A 00E5 &
0006 ACK| 0026 & 0046 F 0066 f 0086 Ctrl | 00A6 | 00C6 A |00E6 =
0007 BEL | 0027 ' 0047 G 0067 g 0087 Ctrl | 00A7 § 00C7 C 00E7 ¢
0008 BS 0028 0048 H 0068 h 0088 Ctrl | 00A8 ~ 00C8 E 00ER &
0009 HT | 0029 ) 0049 1 0069 i 0089 Ctrl | 00A9 © [00C9 E 00E9 ¢
000A LF 002A  * | 004A ) 006A 008A Ctrl | 00AA = 00CA E 00EA &
000B VT [002B + [004B K |006B k 008B Ctrl | 00AB « 00CB E 00EB &
000C FF 002C 004C L 006C 1 008C Ctrl | 00AC - oocc i 00EC i
000D CR | 002D - 004D M 006D m 008D Ctrl | 00AD - 00CD | 00ED i
000E SO [002E . 004E N 006E n 008E Ctrl | 00AE ® 00CE 1 00EE 1
000F SI 002F / 004F O 006F o 008F Ctrl | 00AF — 00CF 1 00EF 1
0010 DLE [ 0030 0 0050 P 0070 p 0090 Ctrl | 00BO -~ 00D0 B 00FO o
0011 DC1 | 0031 1 0051 Q 0071 g 0091 Ctrl | 00B1 =+ 00D1 N 00F1 @
0012 DC2 (0032 2 |0052 R 0072 r 0092 Ctrl |00B2 = 00D2 O 00F2 o
0013 DC3 | 0033 3 0053 S 0073 s 0093 Ctrl |00B3 = 00D3 O 00F3 &
0014 DC4 [ 0034 4 (0054 T 0074 0094 Ctrl | 00B4 -~ oon4 O 00F4 &
0015 NAK| 0035 5 0055 U 0075 u 0095 Ctr]l |00B5 pn 00D5 O 00F5 &
0016 SYN|[0036 6 |0056 VWV 0076 v 0096 Ctrl | 00B6 00D6 O 00F6 &
0017 ETB | 0037 7 0057 W 0077 w 0097 Ctrl | 00B7 - 00D7 X 00F7 =+
0018 CAN|[0038 & |0058 X 0078 x 0098 Ctrl | 00B8 | 00D8 @ 00F8 o
0019 EM [0039 9 0059 Y 0079 vy 0099 Ctrl | 00B9 * 00D9 U 00F9 1
001A SUB | 003A 005A Z 007A z 009A Ctrl | 00OBA = 00DA U 00FA 1
001B ESC | 003B ; 005B | 007B  { 009B Ctrl | 00BB » 00DB U 00FB 0
001C FS 003C < |005C \ 007C | 009C Ctrl | 00BC 1/4 | 00DC U 00FC 0
001D GS 003D = | 005D ] 007D } 009D Ctrl |00BD 1/2 | 00DD Y 00FD P
001E RS |003E = [005SE ~ 007E ~ 009E Ctrl | 00BE 3/4 | 00DE ¥ 00FE b
001F US 003F 2 | 005F _ 007F DEL | 009F Ctrl | 00BF 00DF g 00FF ¥
NUL Null SOH Start of heading CAN Cancel Sp Space

STX Start of text EOT End of transmission EM End of medium  DEL Delete

ETX End of text DC1 Device control 1 SUB Substitute Ctrl  Control
ENQ Enquiry DC2 Device control 2 ESC Escape FF Form feed
ACK Acknowledge DC3 Device control 3 FS File separator CR  Carriage return
BEL Bell DC4 Device control 4 GS  Group separator SO Shift out

BS  Backspace NAK Negative acknowledge RS  Record separator Sl Shift in

HT  Horizontal tab NBS Non-breaking space US  Unit separator DLE Data link escape
LF Line feed ETB End of transmission block SYN Synchronous idle VT  Vertical tab
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Kién triic may tinh Chuong I: Pai cwong

CAU HOI ON TAP VA BAI TAP CHUONG I

skooke sk

Dua vao tiéu chuan nao ngudi ta phan chia may tinh thanh cac thé hé?
Dic trung co ban cta cac may tinh thé hé thir nhat?
Dic trung co ban ctia cic may tinh thé hé thir hai?
Dic trung co ban cta cic may tinh thé hé thi ba?
Dic trung co ban cta cac may tinh thé hé thi tu?
Khuynh huéng phat trién cia may tinh dién tir ngay nay 1a gi?
Viéc phan loai may tinh dya vao tiéu chuan nao?
Khai niém thong tin trong may tinh dugc hiéu nhu thé nao?
Luong thong tin 1a gi ?
0. Sy hiéu biét vé mot trang thai trong 4096 trang thai c6 thé c6 Gmg véi luong
thong tin 1a bao nhiéu?
11. Piém chung nhat trong cac cach bleu dién mot s6 nguyén n bit co dau 1a gi?
12. S6 nhi phén 8 bit (1 1001 100),, sd ndy twong ung véi s nguyén thap phan cé
d4u 12 bao nhiéu néu sé dang duoc biéu dién trong cach biéu dién:
a. Dau va tri tuyét ddi.
b. Sobul.
c. Sébu2.
13. P6i cac s6 sau day:
a. (011011), ra s6 thap phan.
b. (-2005),, ra s6 nhi phan 16 bits.
c. (55.875),, ra so nhi phan.
14. Biéu dién s6 thuc (31.75)10 dudi dang s6 c6 ddu chidm dong chinh xac don
32 bit.

e e I Al ol S
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Kién triic may tinh Chuong II: Kién tric phan mém b xi ly

Chuong II: KIEN TRUC PHAN MEM BO XU LY

Muc dich: Gidi thiéu cdc thanh phan co ban ciia mét hé thong mdy tinh, khdi niém
vé kién triic may tinh, tdp lénh. Gidi thiéu cdc kiéu kién triic mdy tinh, cdc kiéu dinh vi
duoc dung trong kién tric, logi va chiéu dai ciia todn hang, tdc vu ma may tinh c6 thé
thuwe hién. Kién triic RISC (Reduced Instruction Set Computer): mo ta kién tric, cdc kiéu
dinh vi. Gioi thiéu tong quat tdp lénh cua cac kién triic may tinh.

Yéu cdu :Sinh vién c6 kién thirc vé cdc thanh phdn co ban cia mot hé thong mdy
tinh, khdi niém vé kién triic mdy tinh, tdp lénh. Nam viing cdc kién thire vé cdc kiéu kién
truc mdy tinh, cac kiéu dinh vi dwoc dung trong kién tric, logi va chiéu dai ciia todn
hang, tdc vu ma mdy tinh c6 thé thwc hién. Phdn biét dwoc hai logi kién tric: CISC
(Complex Instruction Set Computer), RISC (Reduced Instruction Set Computer). Cdc kién
thirc co ban vé kién triic RISC, tong qudt tdp 1énh ciia cdc kién triic mdy tinh.

I1.1 - THANH PHAN CO BAN CUA MOT MAY TiNH

Thanh phan co ban cta mot bd may tinh gdm: bo xtr 1y trung tdm (CPU:
Central Processing Unit), bd nhé trong, cac bd phan nhap-xuét thong tin. Cac bod phan
trén dugc két ndi voi nhau thong qua cac h¢ théng bus. Hé thong bus bao gom: bus dia
chi, bus dir lidu va bus diéu khién. Bus dia chi va bus dir liéu dung trong viéc chuyén
dir liu gitra cac by phan trong may tinh. Bus diéu khién lam cho sy trao doi thong tin
gitra cac b phan duoc dong bd. Thong thudng ngudi ta phian biét mot bus hé thong
dung trao ddi thong tin gitta CPU va bo nhd trong (thdng qua cache), va mot bus vao-
ra ding trao d6i thong tin giira cic bo phan vao-ra va bo nhé trong.

B¢ xir ly trung tam (CPU)

B6 diéu khién
(CU)

Bus dia chi

B0 lam tinh va luén ly

(ALU) Bus dir licu

CAC THANH GHI
(Registers)

B0 nh¢ trong Ngoai vi

Hinh II.1: Céu tritc ciia mét hé mdy tinh don gidn
Mot chuong trinh s€ dugc sao chép tur dia cing vao by nhé trong cung voi cac
thong tin can thiét cho chuong trinh hoat dong, cac thong tin nay dugc nap vao bd nhd
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Kién triic may tinh Chuong II: Kién tric phan mém b xi ly

trong tlr cac bd phan cung cip thong tin (vi du nhu mot ban phim hay mot dia tir). Bo
xtr 1y trung tdm s& doc cac 1énh va dit lidu tir b nhé, thyc hién cac 1énh va luu cac két
qua trd lai bd nhé trong hay cho xudt két qua ra bo phan xuat thong tin (man hinh hay
may in).

Thanh phan co ban ciia mot may tinh bao gom :

- Bé nhd trong: Pay 1a mot tap hop cac 6 nhd, mdi 6 nhd ¢6 mot sd bit nhat
dinh va chirc mot thong tin dugc ma hoa thanh sé nhi phan ma khong quan tam dén kiéu
cta dir liéu ma n6 dang chira. Cac thong tin ndy 13 cac 1énh hay s liéu. Mdi 6 nhé cua b
nhd trong déu c6 mot dia chi. Thoi gian tham nhap vao mdt 6 nhé bét ky trong bd nhd 1a
nhu nhau. Vi viy, bd nhé trong con duge goi 1a bd nhé truy cap ngau nhién (RAM:
Random Access Memory). D6 dai ciia mot tir may tinh (Computer Word) 1a 32 bit (hay
4 byte), tuy nhién dung luong mot 6 nhd thong thuong 1a 8 bit (1 Byte).

- Bé xit Iy trung tam (CPU): day 1a bo phan thi hanh 1énh. CPU lay 1énh tir bd
nhd trong va lay cac sb liéu ma 1énh @6 xir Iy. B6 xur 1y trung tdm gdm c6 hai phan: phan
thi hanh 1énh va phan diéu khién. Phan thi hanh 1énh bao gom bo lam toan va luan 1y
(ALU: Arithmetic And Logic Unit) va cac thanh ghi. N6 c6 nhi€ém vu lam cac phép toan
trén sb liéu. Phan diéu khién c6 nhiém vu dam bao thi hanh cac 1énh mot cach tuan tu va
tac dong cac mach chuc nang dé thi hanh cac 1énh.

- B¢ phén vao - ra: day 1a bd phan xuét nhip théng tin, bd phan nay thuc
hién su giao tiép gilta may tinh va nguol dung hay gilta cac may tinh trong hé thong
mang (d6i v6i cac may tinh dugc két ndi thanh mot hé thong mang). Cac b phan xuat
nhap thuong gap la: b luu trir ngoai, man hinh, may in, ban phim, chudt, may quét anh,
cac giao di¢n mang cuc by hay mang dién rong...Bo tao thich ing la mdt vi mach téng
hop (chipset) két ndi gitra cac hé thong bus c6 cac toc do dir lidu khac nhau.

Bus hé thong ( Bus ndi CPU - B6 nhé trong )

Cache B§ tao thich tng Bd nho trong
CPU Bus vao - ra
Diéu khién vao -ra Diéu khién vao -ra Diéu khién vao -ra
i /
bia tur Man hinh dd thj Mang

Hinh I1.2: So do mé td hoat dong dién hinh ciia mét mdy tinh
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Kién triic may tinh Chuong II: Kién tric phan mém b xi ly

I1.2 - PINH NGHIA KIEN TRUC MAY TiNH

Kién trac may tinh bao gdm ba phan: Kién triic phan mém, té chitc ciia mdy tinh
va ldp dat phan cung.

. Klen trac phan mém cua may tinh cha yeu 1a kién trac phan mém cua b
xu ly, bao gom. tap 1énh, dang cac 1énh va cac kiéu dinh vi.

+ 9Tr07ng do, tap 1énh 1a tdp hop cac 1énh ma may (ma nhi phan) hoan
chinh c6 thé hiéu va dugc xu ly boi bo xur ly trung tam, thong thuong cac 1énh
trong tap 1énh dugc trinh béy dudi dang hop ngir. Moi 1énh Chﬁ'é} thong tin yéu
cau bd ng ly thuc hi@n, bao gdm: ma tac vy, dia chi toan h:c_lng nguon, dia chi toan
hang két qua, 1énh ké tiép (thong thuong thi thong tin nay an).

+ Kiéu dinh vi chi ra cach thtrc thim nhap toan hang.

Kién trac phan mém la phan ma cac lap trinh vién hé thong phai nim viing
de viéc lap trinh hi€u qua, it sai sot.

= Phan to chirc cua may tinh lién quan dén cau tric bén trong cua bg xu ly, cau
trac c,aic bus, cac cap by nhd va cac mat k¥ thuat khac cua may tinh. Phan nay sé duoc
noi dén ¢ cac chuong sau.

= Lap dat phan cling cia may tinh am chi viéc lap rap mot may tinh dung cac
linh kién dién tor va cac bd phan phan cing can thiét. Ching ta khong no6i dén phan
nay trong gido trinh.

Ta nén lvu ¥ rang mot vai may tinh c6 cung kién tric phan mém nhung phan t6
chtrc la khac nhau (VAX- 1‘1/78(‘) va VAX 86700). Céq may VAX- 11/780 va VAX-
11/785 ¢4 cung kién trac phan mém va phan t6 chirc gan giong nhau. Tuy nhién viéc
lap dat phan cimg cac may nay la khac nhau. May VAX- 11/785 da dung cac mach két
hién dai dé cai tién tan sd xung nhip va da thay d6i mot it t6 chirc ctia bo nhé trong.

I1.3 - CAC KIEU THI HANH MOQT LENH
Nhu da mo ta, mot Iénh ma may bao gém mot ma tac vy va céc toan hang.
Vi du: 1énh ma may 01101001010101010000001101100101

Viéc chon s toan hang cho mot 1énh mé may la mot van dé then chét vi phai co
mot sy can ddi giira téc do tinh toan va sb cac mach tinh toan phai dung. Tuy theo tan
s6 st dung cac pheép nhu trén ma cac nha thiét ké may tinh quyet dinh s6 lugng cac
mach chirc ning can thiét cho viéc tinh toan. Thong thudng sb toan hang thay dbi tir 0
téi 3.

Vidu: 1énh Y := A + B + C + D ¢6 thé dugc hién béng mot 1énh ma may néu ta
c6 3 mach cong, hodc dugc thuc hién béng 3 1énh ma may néu chung ta chi c6 mot
mach cong, néu viéc tinh toan trén xdy ra it, nguoi ta chi can thiét ké mot mach cong
thay vi phai ton chi phi lép dat 3 mach cdng. Tuy nhién, voi mot mach cong thi thoi
gian tinh todn cua h¢ théng s€ cham hon vo1 hé théng c6 ba mach cong.

Vi tri cia todn hang cling dugc xem xét. Bang I1.1 chon mot vai nha san XuAt
may tinh va 3 kiéu co ban cua vi tri cac toan hang ddi v4i nhitng 1énh tinh toan trong
ALU la: ¢ ngan xep, trén thanh ghi tich luy, va trén cac thanh ghi da dung. Nhiing
kién trac phan mém nay dugc goi 1a kién tric ngdn xép, kién tric thanh ghi tich luy va
kién triic thanh ghi da dung.
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Chuwong II: Kién tric phin mém bd xir Iy

Kién tric may tinh

Vitri cac | Thi du Toan hang cho | Vi tri dat Cach thuc tham nhap vao
todn hang 1énh tinh todn két qua todn hang
trong ALU
Ngan xép | B 5500 HP 0 Ngin xép | Lénh Push, Pop
3000/70
Thanh ghi | PDP 8 1 Thanh ghi | Lénh nap vao hoic lay ra
tich luy | Motorola tich luy tur thanh ghi tich luy
6809 (load, store)
Thanh ghi | IBM 360 2 hoac 3 Thanh ghi | Lénh nap vao hoic lay ra
dadung | DEC, VAX hodc b0 nhd | tur thanh ghi hodc by nhd

Bing IL1 : Vi du vé cdch chon lwa vi tri cdc todn hang
MOt vai nha san xuat may tinh tuan thu chat ché cac kiéu chon vi trf toan hang néu
trén, nhung phan nhiéu cac bo xir Iy dung kiéu hdn tap. Vi dy, mach xir Iy 8086 cua Intel
dung cung mot lac kiéu "thanh ghi da dung" va kiéu "thanh ghi tich luy".
Vi du minh hoa chu01 1énh phai dung dé thuc hién phép tinh C := A + B trong 3
kiéu kién trac phan mém.

Kién triic ngin Kién triic thanh ghi tich Kién triic thanh ghi da
xép luy dung
Push A Load A Load R1, A
Push B ADD B ADD R1, B
ADD Store C Store R1, C
Pop C

Bing IL.2: Chuéi lénh ding thwe hién phép tinh C :=A4 + B
(gia su A, B, C déu nam trong b nho trong)

Hién tai cac nha san xuat may tinh c¢6 khuynh huéng dung kién trac phan mém
thanh ghi da dung vi viéc tham nhép cac thanh ghi da dung nhanh hon tham nhap bo

nhd trong, va vi cac chuong trinh dich dung cac thanh ghi da dung c6 hi€éu qua hon.

-Lam tbi thiéu trang thai
bén trong ctia may tinh
-Dé dang tao ra mot bo
bién dich don gian cho
kién tric ngan XEp

Loai kién triic Loi diém Bit loi
Ngan xép - Lénh ngan -Tham nhép ngan x&p khong
(Stack) - It ma may ngau nhién.

- Ma khong hiéu qua

-Kho dung trong xur ly song
song va 6ng dan

-Kho tao ra mét bd bién dich
t6i uu

Thanh ghi tich luy
(Accumulator
Register)

- Lénh ngan

-Lam tbi thiéu trang thai
bén trong ciia may tinh
(yéu cau it mach chic
nang).

- Thiét ké d& dang

-Luu git ¢ thanh ghi tich luy
la tam thoi.

-Nghén & thanh ghi tich luy
-Kho dung trong xur ly song
song va ong dan

- Trao d6i nhiéu vé&i bo nhé.
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Kién triic may tinh Chuong II: Kién tric phan mém b xi ly

Thanh ghi -Téc dd xu Iy nhanh, | - Lénh dai
da dung dinh vi don gian. -S6 luong thanh ghi bi gidi
(General Register) | - it tham nhap bd nho. han
-Kiéu rat tong quat dé
tao cac ma hiru hiéu

Bing I1.3: Piém lpi va bt lgi ciia 3 kiéu kién triic phdan mém

I1.4 - KIEU KIEN TRUC THANH GHI PA DUNG
Do hién nay ‘kiéu kién tric thanh ghi da dung chiém vi tri hang d4u nén trong céc
phan sau, ta chi dé cap dén kiéu kién trac nay.
Dbi voi mot 1énh tinh toan hodc logic dién hinh (1énh ALU), ¢6 2 diém can néu

A

1én.

Truoc tién, mot 1énh ALU phai c6 2 hoac 3 toan hang. Néu trong 1énh c6 3 toan
hang thi mot trong cac toan hang chtra két qua phép tinh trén hai toan hang kia (Vi du:
add A, B, C). Néu trong 1énh c6 2 toan hang thi mot trong hai toan hang phai vira la
toan hang ngudn, vira 1a toan hang dich (Vi du: add A, B).

Thit hai, s6 luong toan hang bd nhd co trong 1énh. S6 toan hang bd nhd co thé
thay doi tir 0 t6i 3.

Trong nhiéu cach to hop co thé c6 cac loai toan hang ctia mgt 1énh ALU, cac may
tinh hién nay chon mot trong 3 kiéu sau : thanh ghi-thanh ghi (kiéu nay con dugc goi
nap - luu trir), thanh ghi - bd nhd va bg nhd - b nhé.

Kiéu thanh ghi - thanh ghi dwoc nhiéu nha ché tao may tinh luu ¥ véi cac 1y do:
viéc tao cac ma may don gian, chidu dai md may cb dinh va sb chu ky xung nhip cin
thiét cho viéc thuc hién 1énh 1 ¢6 dinh, it tham nhap bo nhé. Tuy nhién, kiéu kién tric
nay cling c6 mot vai han ché cua nd nhu: sb luong thanh ghi bi giéi han, viéc céc
thanh ghi c6 cung do dai din dén khong hiéu qua trong cac 1énh xtr 1y chubi ciing nhu
cac 1énh c6 céu tric. Viée luu va phuc hoi cac trang thai khi c6 cac 10i goi thu tuc hay
chuyén doi ngit canh.

IL.5 - TAP LENH

Muc tiéu ctia phan nay la dung cac vi du trich tir cac kién triic phan mém duoc
dung nhiéu nhat, dé cho thiy céac k¥ thuit & mtc ngdn ngit may dung dé thi hanh céac
cAu tric trong cac ngdn ngit cip cao.

Pé minh hoa bang thi dy, ta dung ca phéap 1énh trong hop ngit sau day :

Tt goi nhd ma 1énh, thanh ghi dich, thanh ghi nguén 1, thanh ghi nguén 2.

Tir goi nhé ma 1énh mo ta ngan gon tac vu phai thi hanh trén cac thanh ghi ngudn,
két qua duogc luu giit trong thanh ghi dich.

M®i 1énh ciia ngdn ngit cip cao duoc xdy dung bang mot 1énh ma may hoidc mot
chudi nhiéu 1énh ma may. Lénh nhay (GOTO) duoc thuc hién bang cac 1énh hop ngit vé
nhay (JUMP) hoic 1énh hop ngit vé vong. Chung ta phan biét 1énh nhay lam cho bo
dém chuong trinh dugc nap vao dia chi tuyét dbi noi phai nhay dén (PC « dia chi
tuyet d6i noi phai nhay t6i), véi 1énh vong theo d6 ta chi can cong thém mot do doi vao
bd dém chuong trinh (PC < PC + d¢ doi). Ta luu y 1a trong trudng hop sau, PC chira
dia chi tuong ddi so vai dia chi cia 1énh sau 1énh vong.
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I1.5.1 - Gan tri
’ Viéc gan tri, gém ca génr tri cho biéu thtrc sb }}(_)C va logic, dugc thyc hién nho
mot sO 1énh ma may. Cho cac kién triic RISC, ta c6 thé néu 1én céc 1€nh sau :
- Lénh by nho
LOAD Ri, M (dia chi) M[dia chi] < Ri
STORE Ri, M(dia chi) ; Ri < M]dia chi]
Dia chi duoc tinh tuy theo kiéu dinh vi duoc dung.
- Lénh tinh todn s6 hoc: tinh toan sé nguyén trén nodi dung ctia hai thanh ghi
Ri, Rj va xép két qua vao trong Rk:
ADD (cong) ’ ’
ADDD (cong s0 c6 dau cham dong, chinh xac kép)
SUB (trr) , ,
SUBD (trtr s6 c6 dau cham dong, chinh xac kép)
MUL (nhan)
DIV (chia)
- Lénh logic: thyc hién phép tinh logic cho tung bit mot.
AND (lénh VA)
OR (1énh HOAC)
XOR (1énh HOAC LOAI)
NEG (1énh lay sé bu 1)

'CTTTTT T3

Dich phéi logic

TCTTTT T

Dich trai logic

i::.arnfﬁf—‘-ﬁf“& f"‘u/ﬁcl_'
s] | 1 | | = - - | |

Dich phii sb hoc

??_ﬁ:r\r"‘ar"‘» ﬁﬁﬁ—n
= [ 1 | - - - [ |

Quay trai

Hinh I1.7: Minh hoa lénh dich chuyén va quay vong
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- Cac 1énh dich chuyén sé hoc hoic logic (SHIFT ), quay vong (ROTATE) ¢
hoic khong c6 sd gilt & ngd vao, sang phai hodc sang trai. Cac 1énh nay duoc thuc
hién trén mot thanh ghi va két qua luu giit trong thanh ghi khac. S6 1an dich chuyén
(mdi 1an dich sang phai hodc sang trai mot bit) thuong dugc xac dinh trong thanh ghi
thur ba. Hinh I1.7 minh hoa cho cac Iénh nay

Cho céc kién truc kiéu RISC, ta c6 :

SLL (shift left logical : dich tréi logic)
SRL (shift right logical : dich phai logic)
SRA (shift right arithemtic : dich phai s hoc)

I1.5.2 - Lénh c6 diéu kién

Lénh c¢6 diéu kién co dang :

Néu <diéu kién> thi <chuéi Iénh 1> néu khéng <chuéi lénh 2>

(IF <condition> THEN <instructions1> ELSE <instructions2>)

Lénh nay budc phai ghi nhé didu kién va nhay vong néu diéu kién dugc thoa.
a) Ghi nhé diéu ki¢n .

B¢ lam tinh ALU cung cap két qua 0 ngé ra tuy theo cac ngd vao va phép tinh
can lam. N6 cling cho mot sd thong tin khac vé két qua dudi dang cac bit trang thai. Cac
bit ndy 1a nhimg dai lugng logic PUNG hoic SAI (hinh II.8).

Trong cac bit trang thai ta c6 bit dau S (Sign - Pung néu két qua am), bit
tric nghiém zero Z (Zero - Pung néu két qua bang khong), bit tran OVF (Overflow)
DUNG néu phép tinh sé hoc 1am thanh ghi khong du kha ning luu trir két qua, bit sd
gitr C (carry) PUNG néu sb giit & ngd ra 1a 1 .... Cac bit trén thuong dugc goi 1a bit
ma diéu kién.

So gitr

To4n hang ngudn 1 >

ALU I
Két qua

v

Bit S
Bit Z
Bit OVF
Bit C

Toan hang ngudn 2

Hinh I1.8 : Bit trang thai ma ALU tao ra
C6 hai k¥ thuat co ban dé ghi nhé céc bit trang thai
Cdch thir nhat, ghi cac trang thai trong mot thanh ghi da dung.
Vi du 1énh CMP Rk, Ri, Rj
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Lénh trén s& lam phép tinh trir Ri - Rj ma khong ghi két qua phép trir, ma lai ghi
cac bit trang thai vao thanh ghi Rk. Thanh ghi nay dugc dung cho mot 1énh nhay co6
diéu kién. Dlem loi cua k¥ thuat nay 1a gitp lwu trir nhiéu trang thai sau nhiéu phép
tinh dé dung vé sau. Diém bat 1¢i 14 phai dung mot thanh ghi da dung dé ghi lai trang
thai sau moi phép tinh ma s6 thanh ghi nay lai b1 gid1 han & 32 trong cac b xur 1y hién
dai.

Cach thir hai, 1a dé cac bit trang thai vao mot thanh ghi dic biét goi la
thanh ghi trang thai. Vian dé luu gitt nodi dung thanh ghi nay dugc giai quyét
bang nhiéu cach. Trong kién tric SPARC, chi c¢6 mot s6 giéi han 1énh duoc
phép thay d6i thanh ghi trang thai vi du nhu 1énh ADDCC, SUBCC (céac lénh
nay thuc hién cac phép tinh cong ADD va phep tinh trr SUB va con lam thay
d6i thanh ghi trang thai). Trong kién tric PowerPC, thanh ghi trang thai duogc
phan thanh 8 trudong, moi truong 4 bit, vy la thanh ghi da phan thanh 8 thanh
ghi trang thai con.

b) Nhay vong

Cac 1énh nhay hodc nhay vong cé diéu kién, chi thuc hién 1énh nhdy khi
diéu kién dugc thod. Trong truong hop nguoc lai, viéc thuc hién chuong trinh dugce
tiép tuc voi 1énh sau d6. Lénh nhay xem xét thanh ghi trang thai va chi nhay néu diéu
ki¢n néu 1én trong I¢nh la ding.

Chung ta xem mdt vi dy thyc hién 1énh nhay c6 diéu kién.

Gia st trang thai sau khi by xu ly thi hanh mdt tac vu, dugc luu trir trong
thanh ghi, va by xur 1y thi hanh céc 1énh sau :

1. CMP R4, R1, R2 : So sanh R1 va R2 béng cach trr R1 cho R2 va

luu gitr trang thai trong R4

2. BGT R4, +2 : Nhay b6 2 1énh néu R1 > R2

3. ADD R3, RO, R2 : RO c6 gié tri 0. Chuyén ndi dung ctia R2 vao R3
4. BRA +1 : nhay bé 1 Iénh

5. ADD R3, RO, R1 : chuyén ndi dung R1 vao R3

6. Lénh ké

Néu R1 > R2 thi chudi Iénh duoc thi hanh 1a 1, 2, 5, 6 duoc thi hanh,

néu khong thi chudi 1énh 1, 2, 3, 4, 6 dugc thi hanh.

Chudi cac 1énh trén , trong d6 c6 2 1énh nhay, thuc hién cong viéc sau day :

Néu R1 > R2 thi R3 = R1 néu khong R3 = R2

Cac lIénh nhay lam tdc do thi hanh 1énh cham lai, trong cac CPU hi¢n dai dung
k¥ thuat 6ng dan. Trong mot vai bo xir 1y nguoi ta dung 1énh di chuyén c6 diéu kién
dé tranh dung Iénh nhay trong mot vai trudng hop. Thi du trén day cé thé duoc viét lai

1. CMP R4, R1, R2 : So sanh R1 va R2 va dé cac bit trang thai trong R4.
2. ADD R3, RO, R2 : Di chuyén R2 vao R3
3. MGT R4, R3, R1 : (MGT : Move if greater than). Néu R1 > R2 thi

di chuyén R1 vao R3

I1.5.3 - Vong lap
Céc 1énh vong 1dp co thé dugc thuc hién nho 1énh nhay ¢6 dicu kién ma ta da
noi ¢ trén. Trong trudng hop nay, ta quan 1y so6 lan 1dp lai bang mot bd dém vong lap,
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va nguoi ta kiém tra bo dém nay sau mdi vong lip dé xem di du sd vong can thuc hién
hay chua.
B6 xu Iy PowerPC c6 mdt 1énh quan ly vong lap
BNCT Ri, d¢ doi
Véi thanh ghi Ri chira s6 1an lap lai.
Lénh nay lam céc cong viéc sau:
Ri:=Ri-1
Néu Ri <> 0, PC := PC + d¢ doi. Néu khong thi tiép tuc thi hanh lénh ké.

I1.5.4 - Tham nhip bd nhé ngin xép
Ngﬁn xép 1a mot td churc bQ nhd sao cho ta chi ¢6 thé doc; mot tor & dinh ngan xép
hodc viét mot tir vao dinh ngan x&p. Dia chi cua dinh ngan x€p dugc chira trong mot
thanh ghi dac biét goi la con trdé ngén xép SP (Stack Pointer).
, Ung véi cé}u tric ngan xép, ngudi ta ¢ 1énh viét vao ngin xép PUSH va 1énh
lay ra khoi ngan xép POP. Céac 1€nh nay van hanh nhu sau:
- Cho 1énh PUSH
SP :=SP +1
M (SP) := R1 (Ri la thanh ghi can viét vao ngan x€p)
- Cho 1énh POP
Ri ;= M(SP) (Ri la thanh ghi, nhén tir lay ra khoi ngén xép)
SP :=SP -1
Trong cac bo xir Iy RISC, viéc viét vao hoic lap ra khoi ngan xép dung cac
Iénh binh thuong. Vi dy thanh ghi R30 Ia con tr6 ngan x&p thi viée viét vao ngin xép
duoc thuc hién bang cac 1énh:
ADDI R30,R30,4 ;ting con tro ngin xép 1én 4 vi tur dai 32 bit
STORE Ri, (R30) ; Viét Ri vao dinh ngan xép
Viéc 13y ra khoi ngin xép duoc thuc hién bang céc 1énh : )
LOAD Ri, (R30) ;lay so liéu ¢ dinh ngan x€p va nap vao Ri
SUBI R30, R30,4 ; gidm con tré ngan x&p bot 4

I1.5.5 - Cac thu tuc

Cac thu tuc dugc goi tu bat cr noi nao cua chuong trinh nho 1€nh goi thu
tuc CALL. Dé khi chdm dut viéc thi hanh thu tuc thi chwong trinh goi dugc tiép
tuc binh thuong, ta can luvu gilt dia chi tré vé tic dia chi cua Iénh sau 1énh goi
tha tuc CALL. Khi chdm dut thi hanh thu tuc, 1énh tr& vé RETURN nap dia chi
tré vé vao PC.

Trong cac kién tric CISC (VAX 11, 80x86, 680x0), dia chi tro vé duoc
giltt & ngin xép. Trong cac kién trac RISC mot thanh ghi dac biét (thuong la
thanh ghi R31) duoc dung dé luu gitr dia chi tro vé.

Lénh goi thu tuc 12 mét 1énh loai JMPL Ri, 1énh nay lam céc tac vu :
R31:=PC ;dé dja chi trd vé trong R31
PC :=Ri : nhay t6i dia chi ciia tha tuc nam trong thanh ghi Ri
_ Lénh tré vé khi cham dut thi tuc 1a JMP R31, vi thanh ghi R31 chtra dia chi
tro ve.
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Vigce ding mot thanh ghi dic biét dé luu trir dia chi tré ve 1a mot gidi phap
chqi ap dqng cho cac thu tuc chi cung, nghia la cho thu tuc khong goi thu tuc nao ca.
bé co thé cho cac thu tuc co thé goi mot thu tuc khéc, ta co hai giai phap:
Gidi phdp 1: c6 nhiéu thanh ghi dé luu trit dia chi tro veé
Gidi phdp 2: luu gitt dja chi tré vé ¢ ngan xép.
Viéc goi thu tuc co thé dugc thuc hién bé“mg chudi léph sau day :
ADDI R30,R30,4 ;R301acon tro ngén‘xép
STORE R31, (R30) ; luu git dia chi tré vé
JMPL Ri N ; g0l thﬁ tuc

Nguoi ta dung chu6i I¢énh sau day dé tré vé chuong trinh goi :
LOAD R31, (R30) ; phuc hoi dia chi tro vé ,
SUBI R30, R30,4 ; cap nhat con trdo ngan xep
JMP R31 ; trd vé chuong trinh goi

Diachi B¢ nh¢ trong

000D
4100 Chwong A
410 AL trinh chinh )
¥ __
k4
600 CALL Proc2 4 -
4601 Thu tuc
4650 CALL Proc2 Procl y
4651 (" -
} ™
RETURN v/
L
Thu tuc
Proc2
RETURN
a) Goi thii tuc va tré vé b) Dién tién thi hanh
4601 4651
4101 4101 4101 4101 410
a) Khéi tao b) Sau 1oi ¢)Sauldéi  d) Trévé e) Sau 1oi f)Trove  g) Trové
ngin xép goi thi tuc 1 goi thi tuc 2 sau 101 goi goi thu tuc 2 sau loi goi  sau loi goi
thii tuc 2 14n 2 thii tuc 2 thii tuc 1

Hinh I1.9: Goi thii tuc va tré vé khi thwe hién xong thii tuc
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Viéc truyén tham so tir thu tuc goi dén thu tuc bl goi co thé thue hién bang
cach dung cac thanh ghi caa bo xir Iy hodc dung ngin xép. Néu sé tham sé can truyén
it, ta dung cac thanh ghi.

I1.6 - CAC KIEU PINH VI

Kiéu dinh vi dinh nghia cach thirc thAm nhip cac toan hang. Mot vai kiéu xac
dinh cach thdm nhép toan hang bo nhd, nghia la cach tinh dia chi cua toan hang, cac
kiéu khac x4c dinh cac toan hang nam trong céac thanh ghi.

Cha y rang, trong cac kiéu dinh vi, ta can luu y khi chuyén do1 dir liéu nhi phan
gitra hai kiéu dinh dja chi lién quan dén 6 nhd, vi mdi tir may tinh gom bon byte, moi
0 nh¢ chira mot byte. Nhu vay, mot tr may tinh dugc luu trong bdn 6 nhé lién tlep
trong bo nh¢ trong, c6 nhiéu cach xdc mot tir may tinh, trong d6, hai cach tiéu biéu
nhat 1a:

Byte
<—>
31 ¢« MSB Blg Endian | LSB — o 31 ¢« MSB Little-Endian LSB — 0
A A A A A A 0 A
X x+1 x+2 x+3 x+3 x+2 x+1 X

Dia chi tir la x cho cgi ha{ minh hoa
Hinh I1.3: Minh hoa hai cach sap xép dia chi trong by nho

- DPinh vi kiéu Big-Endian: byte thép nhat dugc dat trong 6 nhéd co dia chi cao
nhét (IBM, Motorolla, Sun, HP).

- Dinh vi kiéu Little-Endian: byte thép nhat duoc dat trong 6 nhd co dia chi thép
nhat (Intel, DEC)

Kiéu dinh vi Vi du vé 1énh Giai thich
Thanh ghi Add R3, R4 R3 « R3 + R4
Tirc thi Add R4, #3 R4 <« R4+3
Truec tiép Add R1, (1001) Rl « R1+MJ[1001]
Gidn tiép (thanh ghi) ADD R4, (R1) R4 « R4+ M [R1]
Gidn tiép (bg nho) Add R1, @ (R3) Rl « R1+M[M [R3]]

Gidn tiép (thanh ghi + D¢ doi) Add R4, 100(R1) | R4 < R4+ M[RI + 100]

Gidn tiép (thanh ghi + thanh ghi) | Add R3, (R1 +R2) |R3 « R3 + M|R1 + R2]

Gidn tiép (t/g nén + /g chisé +dp doi) | AddR1, 100(R2)[R3] | R1«-RI1+M[100+R2+ d * R3]

Tu ting Add R1, (R2)+ Rl « RI + M[R2]
R2 « R2+d
Tw gidm Add R1, -(R2) R2 « R2-d

R1 <« RI+ M[R2]

Bing IL.4:  Kiéu dinh vi ciia mét b xir Iy c6 kién trisc phdan mém kiéu thanh
ghi da dung.
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R1, R2, R3, R4 : cac thanh ghi
R4 <« R3+ R4 : Cong cac thanh ghi R3 va R4 rdi dé két qua va R4
M[R1] : R1 chtra dia chi bd nhé ma todn hang dugc luu trix
M[1001] : toan hang dugc luu trir ¢ dia chi 1001
d: s0 byte s6 lidu can tham nhap (d = 4 cho tir may tinh, d = 8 cho tir d6i may tinh ).
Trong kiéu dinh vi thanh ghi, cac toan hang déu dugc chira trong céc thanh ghi.
Trong kiéu dinh vi tac thi, toan hang dugc chtra trong 1€nh.
Trong kiéu dinh vi truc tiép, dia chi cua toan hang dugc chura trong 1¢énh.
Trong kiéu dinh vi gian tiép (thanh ghi), dja chi toan hang duoc chira trong thanh
ghi.
Trong kiéu dinh vi gian tiép (bo nhd), thanh ghi R3 chua dia chi ciia dia chi cia
toan hang nhu trong hinh I1.4
BO nhé

Rj

(R3 chi téi dja chi nay) O nh¢ nay chira

dia chi toan hang

Toén hang

Hinh IL.4: Minh hog kiéu dinh vi gidn tiép (bé nhé)

I1.7 - KIEU CUA TOAN HANG VA CHIEU DAI CUA TOAN HANG

Kiéu cua toan hang thuong dugc dua vao trong ma tac vu cua 1€nh. Co bon kiéu

toan hang dugc dung trong cac hé thong:
- Kiéu dia chi.
- Kiéu dang sb: s6 nguyén, diu cham dong,...
- Kiéu dang chudi ky tu: ASCII, EBIDEC,...
- Kiéu dit liéu logic: cac bit, cd,...

Tuy nhién mot sé it may tinh ding cac nhin dé xac dinh kiéu toan hang.

Thong thudng loai clia toan hang xéac dinh ludn chiéu dai ciia né. Toan hang thuong
c6 chiéu dai 1a byte (8 bit), nita tir may tinh (16 bit), tir may tinh (32 bit), tir d6i may tinh
(64 bit). Dic biét, kién tric PA cua hing HP (Hewlet Packard) c6 kha ning tinh toan véi
cac s6 thap phan BCD. Mot vai bo xir Iy c6 thé xir Iy cac chudi ky tur.

I1.8 - TAC VU MA LENH THU'C HIEN

Béang I1.5 cho céac loai tac vu ma mdt may tinh co thé thuc hién. Trén tit ca may
tinh ta déu thy 3 loai dau tién (tinh toan s6 hoc va luan 1y, di chuyén s6 liéu, chuyén
diéu khién). Tuy theo kién trac ctia mdi may tinh, nguoi ta co thé thay 0 hoac vai loai
tac vy trong s6 5 tac vu con lai (hé thong, tinh toan véi sé ¢6 ddu chAm dong, tinh toan
v6i s6 thap phan, tinh toan trén chudi ky tu).

Loai tac vu Thi du
, . £ .. .. | Phép tinh sd nguyén va phép tinh luan 1y: cong,
Tinh toan so hoc va ludn ly trir, AND, OR
Di chuyén sé ligu Nap s0 lidu, luu giir s6 liéu
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Lénh nhay, Iénh vong 13p, goi chuong trinh con va tr&
Ve, ngét quang

H¢ théng Goi hé diéu hanh, quan Iy bd nhé ao

Cac phép tinh trén sd c6 ddu chim dong: cong,
nhan

Céc phép tinh trén sb thap phan: cong, nhan, doi tir
thap phan sang ky tu

Tinh todn trén chudi ky tw | Chuyén, so sanh, tim kiém chudi ky tu

Nén va giai nén dir lidu hinh anh d6 hoa (3D) va
Do hoa va da phwong tién | dit liéu da phuong tién (hinh anh dong va am
thanh)

Bing IL5: Cdc tic vu ma lénh c6 thé thuwc hién

Chuyén diéu khién

Tinh so co dau cham dong

Tinh so thdp phén

I1.9 - KIEN TRUC RISC ( REDUCED INSTRUCTION SET COMPUTER)

Cac kién tric véi tap 1énh phirc tap CISC (Complex Instruction Set Computer)
duoc nghi ra tir nhitng nim 1960. Vao thoi ky ndy, ngudi ta nhan thiy cac chuong
trinh dich kho6 dung cac thanh ghi, réng cac vi 1énh duogc thuc hién nhanh hon cac 1énh
va can thiét phai lam giam d¢ dai cdc chuong trinh. Cac dic tinh nay khién nguoi ta
uu tién chon cac kiéu 6 nhd - 6 nhd va 6 nhé - thanh ghi, v6i nhitng 1énh phitc tap va
dung nhiéu kiéu dinh vi. Diéu nay dan t6i viée cac 1énh c6 chiéu dai thay dbi va nhu
thé thi ding bo diéu khién vi chwong trinh 13 hiéu qua nhét.

Bang I1.6 cho cac dic tinh cta vai may CISC tiéu biéu. Ta nhén thiy ca ba may
déu co diém chung 13 c6 nhiéu 18énh, cac 1énh c6 chiéu dai thay ddi. Nhiéu cach thuc
hién 1énh va nhiéu vi chuwong trinh dugc dung.

Tién bd trong lanh vuc mach két (IC) va k¥ thuat dich chuong trinh lam cho cac
nhan dinh trudc day phai dugc xem xé&t lai, nhat 13 khi dd c6 mot khao sat dinh luong
vé viéc dung tap 1énh cac may CISC.

B xir ly I1BM 370/168 DEC 11/780 iAPX 432
Nim san xuét 1973 1978 1982
S6 1énh 208 303 222
B0 nhé vi chuong trinh 420 KB 480 KB 64 KB
Chiéu dai 1énh (tinh 16 - 48 16 - 456 6 - 321
bang bit)
K¥ thuat ché tao ECL - MSI TTI - MSI NMOS VLSI
Cach thuc hién lénh Thanh ghi- thanh ghi | Thanh ghi - thanh ghi Ngian xép

Thanh ghi - bonhé | Thanh ghi-bdnhé | Bo nhé- bd nhé
B nh - b nhé B0 nhd - bo nhé

Dung lugng cache 64 KB 64 KB 0

Bdang 11.6: Ddc tinh cua mgt vai may CISC
Vi duy, chuong trinh dich da biét st dung céac thanh ghi va khong c6 su khac biét
déang ké nao khi st dung 6 nhd cho cac vi chuong trinh hay 6 nh¢ cho cac chuong
trinh. Piéu nay dan t&i viée dua vao khai niém vé mot may tinh voi tap 1énh rat gon
RISC vao dau nhitng nam 1980. Cac may RISC dwa chu yeu trén mot tp 1énh cho
phép thuc hién k¥ thuat 6ng dan mot cach thich hop nhat bang cach thiét ké cac 1énh
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¢6 chiéu dai ¢ dinh, co dang don gian, dé gidi ma. May RISC dung kiéu thuc hién
Iénh thanh ghi - thanh ghi. Chi c6 céc 1énh ghi hodc doc 6 nhé mdi cho phép tham
nhap vao 6 nhé. Bang I1.7 dién td ba miu may RISC dau tién: miu may ciua IBM
(IBM 801) cua Berkeley (RISC1 cua Patterson) va cua Stanford (MIPS cua
Hennessy). Ta nhan thay ca ba may do déu c6 bd dleu khién biang mach dién (khong
c6 6 nho vi chuong trinh), co chiéu dai cac 1énh co dinh (32 bits), c6 mot kiéu thi
hanh Iénh (kiéu thanh ghi - thanh ghi) va chi c6 mét sb it 1énh.

Bo xir ly IBM 801 RISC1 MIPS

Nam sdn xudt 1980 1982 1983

S6 lénh 120 39 55

Dung lvong bo nho 0 0 0

vi chuong trinh

Do dai lénh (tinh 32 32 32

bang bit)

Ky thudt ché tao ECL MSI NMOS VLSI NMOS VLSI
Cach thuc hién lénh | Thanh ghi-thanh ghi | Thanh ghi-thanh ghi | Thanh ghi-thanh ghi

Bing IL.7 : Diic tinh ciia ba méu dau tién mday RISC

Toém lai, ta c6 thé dinh nghia mach xur Iy RISC béi céc tinh chat sau:

- C6 mot s0 it 1énh (thong thuong dudi 100 1énh ).

- C6 mot so it cac ki€u dinh vi (thong thuong hai kiéu: dinh vi tuc thi va dinh
vi gian tiép thong qua mot thanh ghi).

- C6 mot s6 it dang Iénh (mot hodc hai)

- Céc lénh déu c6 cung chiéu dai.

- Chi c6 céac 1énh ghi hodc doc 6 0 nhc:r moi tham nhap qulO bo nhd.

- Dung bd tao tin hi€u diéu khién bang mach di¢n dé tranh chu ky gidi ma céc
vi 1€nh 1am cho thoi gian thyc hi‘én 1énh kéo déiq.

- B xtr Iy RISC c6 nhi€u thanh ghi dé giam bdt viéc tham nhép vao by nhd
trong.

Ngoai ra cac by xtr 1y RISC dau tién thuc hién tat ca cac 1énh trong mot chu ky
may.
Bo xur Iy RISC ¢6 cac loi diém sau :

- Dién tich cua bo xir Iy dung cho bd diéu khién giam tir 60% (cho cac bd xir ly
CISC) xu6ng con 10% (cho cac by xu Iy RISC). Nhu vay co thé tich hop thém vao bén
trong b xu ly cac thanh ghi, cac cong vao ra va b nhé cache .....

- Tbc @6 tinh toan cao nhd vao viéc gidi ma léqh dorl gian, nho ¢6 nhiéu thanh
ghi (it tham nhap bo nh¢), va nho thyc hién ky thuat 6ng dan lién tuc va c6 hiéu qua
(cac 1énh déu co thoi gian thyc hién giong nhau va c¢é cung dang).

- Thoi gian can thiét dé thiét ké bo diéu khién 1a it. Didu ndy gép phan lam
gidm chi phi thiét ké.

- B6 diéu khién tré nén don gian va gon lam cho it rui ro mic phai sai s6t ma
ta gap thuong trong bd diéu khién.

Trude nhimg diéu loi khong chdi cii duoc, kién triic RISC c6 mét sb bat loi:
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> Cac chuong trinh dai ra so v&i chuong trinh viét cho bd xir 1y CISC. DPiéu
nay do cac nguyén nhan sau :

+ Cam tham nhap b nh¢ doi vdi tat ca céc 1énh ngoai trir cac 1énh doc va ghi vao
bd nhd. Do d6 ta budc phai dung nhicu 1énh d€ lam mot cong viéc nhat dinh.

+ Can thiét phai tinh cac dia chi hiéu dung vi khong c6 nhiéu cach dinh vi.

+ Tap Iénh co it 1énh nén cac 1énh khong c6 san phai duoc thay thé béng mot
chudi 1€nh cta bg xtr ly RISC.

» Cac chuong trinh dich gép nhiéu kho khan vi ¢6 it Iénh lam cho co it lya
chon dé dién dich cic ciu trac cia chuong trinh goc. Su cting nhac cua ky thuat ong
dan ciing gay khoé khan.

> Co it 1énh trg gitip cho ngdn ngir cap cao.

Cac bo xu ly CISC tro giup manh hon cac ngén ngir cao gép nho cé tap 1énh
phuc tap. Hang Honeywell da ché tao mdt may ¢6 mot Iénh cho moi dong tur cua ngoén
ngtr COBOL.

Cac tién bo gan ddy cho phép xép dit trong mot vi mach, mot bd xir Iy RISC nén
va nhi€u toan tor chuyén dung.
’ Thi dy, b xtr 1y 860 cﬁg Intel bao gém mot bo xu Iy RISC, bd lam tinh véi cac
sO 1¢ va mot bd tao tin hi€u do6 hoa.

I1.10 - KIEU PINH VI TRONG CAC BQ XU LY RISC

Trong by xur Iy RISC, céc 1énh s6 hoc va logic chi dugc thuc hién theo kiéu
thanh ghi va tic thi, con nhitng 1énh doc V:c‘l ghi vao bd nhd 1a nhitng 1€nh co6 toan
hang bd nh¢ thi dugce thyc hién véi nhitng kiéu dinh vi khéc.

I1.10.1 - Kiéu dinh vi thanh ghi
~ bayla k@éu dinh vi thuong dung cho cac bo xur ly RISC, cac toan hang nguon
va két qua déu nam trong thanh ghi ma s6 thtr tu dugc néu ra trong 1énh. Hinh I1.5 cho
vai vi du vé ki€u thanh ghi va dang cac 1énh tuong ing trong mot vai kién trac RISC.

MIPS Op code | Ngudn 1 | Ngudn 2 Pich  |Dich chuyén Ham
6 5 5 5 5 6
SPARC | Op code | Pich | Opcode | Nguon 1 | 0 | Khoangtrong | Ngudn 2
2 5 6 5 1 khac 5
8
Power Op code Dich Ngudn 1 | Ngudn 2 | Op code mé rong | 0
PC 6 5 5 5 10 1
ALPHA | Opcode | Nguon 1 | Ngudn 2 0 | Opcodemd | bich
6 5 5 3 1 rong 5
7

Hinh IL5 : Dang lénh trong kiéu dinh vi thanh ghi - thanh ghi cho vai CPU RISC

I1.10.2 - Kiéu dinh vi tirc thi
Trong kiéu nél‘y, toan hang 1?. mdt sd ¢6 diu, duoc chira ngay trong l¢nh. Hinh
I1.6 cho ta vai vi du vé dang 1énh kiéu tirc thi.
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MIPS Op code | Thanh ghi | Thanh ghi Sb ¢o6 dau ( toan hang tuc thi)
ngudn dich 16
6 5 5
SPARC | Op | Thanhghi | Op code | Thanhghi | | | Toan hang tic thi c dau
code dich ngudn
2 > 6 3 1 13
ALPHA | Opcode | Thanh ghi Toan Op code Thanh ghi
nguon hang tirc mo rong dich
6 3 thi > 0 7 3
8
Power Op code | Thanhghi | Thanh ghi Toan hang tirc thi ¢6 dau
PC dich nguon
6 5 5 16

Hinh I1.6 : Dang lénh trong kiéu dinh vi thanh ghi - tic thi cho vai CPU RISC

11.10.3 -

Trong kleu nay dia chi toan hang nim ngay trong 1énh (hinh IL.6). Vi dy, kiéu
dinh vi tryc tiép duoc dung cho cac bién cua hé diéu hanh, ngudi st dung khong c¢6

quyén thim nhap cac bién nay.

Kiéu dinh vi truc tiép

MIPS Op code | Thanh ghi | Thanh ghi Do doi co dau
dia chi s6 lidu
6 5 5 16
SPARC Op Thanh | Op code | Thanh ghi | 1 Po doi co6 dau
code ghi dia chi 1 ' 13
2 sO liéu 6 5
5
ALPHA | Opcode | Thanh ghi | Thanh ghi Do doi co dau
s6 lidu dia chi
6 5 5 16
Power Op code | Thanh ghi | Thanh ghi Do doi co dau
PC s lidu dia chi
6 5 5 16

Hinh IL.7 : Dang lénh thdm nhdp bé nhé trong ciia vai kién triic RISC

11.10.4 - Kiéu dinh vi gian tiép bing thanh ghi + d doi

Pay 1a kiéu dic thu cho cac kién trac RISC. Pia chi toan hang duogc tinh nhu

Sau :

Dia chi toan hang = Thanh ghi (dia chi ) + d¢ doi. Ta dé vy rang kiéu dinh vi
truc tiép chi 1 mot trudng hop dic biét cua kiéu nay khi thanh ghi (dia chi) = 0. Trong
cac bo xu ly RISC, mgt thanh ghi (RO hodc R31) duoc mic vao dién thé thip (ttc 1a 0)
va ta ¢6 dinh vi tryc tiép khi dung thanh ghi d6 nhu 1a thanh ghi dia chi.

I1.10.5 - Kiéu dinh vi tu ting
Mot vai bo xtr ly RISC, vi du bg xur 1y PowerPC, dung kiéu dinh vi nay.
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I1.11 - NGON NGU CAP CAO VA NGON NGU MAY

Trong chi phi cho mét hé thong tin hoc, bao gdm gia tién clia may tinh, gia tién
cac phan mém hé thong va céac phan mém Ung dung, thi chi phi cho trlen khai phan
mém ludn 16n hon chi phi mua phan ctmg. Vi thé ccac nha tin hoc da trién khai tu lau
céc ngdn ngit goi 13 ngdn ngir cap cao. Ngon ngit cap cao dung cac Iénh c6 cau trac gan
v6i ngodn ngir thong thudng hon ngdn ngir may. Cac ngdn ngit cip cao ndi tiéng la:
FORTRAN cho tinh toan khoa hoc, COBOL cho quan ly, LISP va PROLOG dung
trong tri tué nhan tao, PASCAL, C, ADA ... Piém chinh cta cic ngdn ngir nay 1a sy cd
dong va su doc lap ddi véi moi bo xu 1y. Su doc lap ddi voi moi may tinh c6 nghia la c6
thé duoc thi hanh trén moi kién triic phdn mém cia bo xir 1y, v6i dicu kién 1a phai co
chuong trinh dich dé dich chuong trinh viét bang ngon ngit cap cao thanh chuong trinh
ma may cua may tinh dang sur dung.

O day, ching ta khong quan tdm dén cac dic tinh cua ngdn ngir cip cao ma chi
quan tAim dén quan hé ctia né d6i véi ngdn ngit may. Thiy vay, mudn cho méot chuong
trinh ngoén ngt may duoc thuc hién mdt cadch hiru hi¢u thi chuong trinh dich phai dich
httu hiéu cac Iénh cua ngoén ngw cip cao thanh 1énh ma may. Mudn thé thi kién tric
phan mém ctia bo xur Iy rat quan trong d01 vo1 chuong trinh dich.

Qua trinh chuyen doi tir ngdbn ngir cip cao sang ngoén ngr may: mot bo bién dich
(Compiler) chuyén do6i ‘ngdn nglt cap cao (doc 1ap véi kién trac phan mém) sang dang
hop ngir (phu thude kién triic phan mem) Mot chuong trinh dich hop ngtr (Assembler)
chuyen d61 mot chuong trinh viét bang hop ngit (Assembly Language) sang ngdn ngit
may dé mdy tinh co thé thyc hién dugc chwong trinh d6 .

ChlfO‘Ilg tNrin}l bing :/e[lr(? p= V[\|/<[-t-<?|.’],
ngon ngitr cap cao v[k+1] = temp:
Trinh bién dich !
v (Compiler) Iw $15, 0($2)
Chuong trinh bang hop Iw $16, 4($2)
ngft sw $16, 0($2)
sw $15, 4($2)
Bé dich hop ngir
il (Assembler) l
Chuong trinh bing 0000 1001 1100 0110 1010 1111 0101 1000

1010 1111 0101 1000 0000 1001 1100 0110
1100 0110 1010 1111 0101 1000 0000 1001
0101 1000 0000 1001 1100 0110 1010 1111

ngon nglr may

Hinh I1.10: Mé td qud trinh chuyén déi tir ngén ngit cdp cao sang ngén ngiv mdy

Trude day, ky thuat ché tao cac bo xtr Iy con kém, viéc quyét dinh mot kién
tric phan mém nao d6 cho mot bd xir Iy nham giup ich cho 14p trinh bang hop ngi.
Ngudi ta da cd ging tach kién trac phén mém ciia b xur ly ra khoi viée thuc hién cac
chwong trinh dich hitu hiéu. Nhung dan dan, véi su tién bod trong cong nghé ché tao
may tinh, nguoi ta bat ddu nghi téi thiét ké cac kién tric phan mém lam giam nhe céc
cong viéc cua chuong trinh dich ctia nhitng ngdén ngit cap cao. Trong nhitng ndm
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1970, nguoi ta da co gang giam bot chi phi phat trién phan mém bang cach thiét ké
cac klen tric b xu Iy c6 nhirng chirc nang ma nhirng b xur ly trude do phai dung mot
phan mém dé thuc hién. Do vdy cac kién tric phan mém manh nhu kién trac phan
mém cia may VAX, da dugc thyc hién. May VAX c6 nhiéu kiéu dinh vi va mot tap
lénh phong phii ¢6 thé sir dung nhiéu kiéu dit liéu. Tuy nhién, vao dau nhiing nim
1980, véi su tién bo cua cong ngh¢ viét cac chuong trinh dich, nguoi ta da xem xét lai
cac kién trac phan mém phirc tap va c6 chuyén hudng ché tao cac kién trac phan mém
don gian va hitu hi¢u. Chinh vi vdy ma cic may tinh dung bo xir 1y kiéu RISC
(Reduced Instruction Set Computer) di ra doi. V&i nhitng tién bo khéng nging cia
cong nghé ché tao may tinh, cua cong ngh¢ viét chuong trinh dich va cua coéng ngh¢
lap trinh, nguoi ta dang tién téi ché tao cac kién tric phan mém hap dan hon trong

tuong lai.
skekeoskoskok
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N —

93]

CAU HOI ON TAP VA BAI TAP CHUONG II

hdks

Céc thanh phan ciia mot hé may tinh don gian

. Nhiém vu ctia mdi bus trong hé théng bus cua mot h¢ may tinh don gian? Tai

sao trong thuc té cAn c6 mot hé théng bus vao ra?

Mo ta cac kiéu thi hanh 1énh cia mot may tinh. Tai sao kiéu thi hanh 1énh
thanh ghi — thanh ghi dugc dung nhiéu hién tai?

Mo ta mdi kiéu dinh vi trong cac kiéu dinh vi ma mot CPU cé thé c6. Cho
CPU RISC, cac kiéu dinh vi nao thuong dugc dung nhat?

Su khac bi¢t gitra CPU RISC va CPU CISC?

Trong CPU Power PC, giad st ma tac vu cua 1énh ADD 1a 011010. Viét 1énh
ma may tuong tng voi ADD R1, R19, #-15673
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Chuwong III: TO CHUC BO XU LY

Muc dich: Gidi thiéu cdu tric cia bé xir Iy trung tam: té chirc, chitc nang va
nguyén 1y hoat ddng ciia cic bé phan bén trong bé xit Iy: dwong di cia dir liéu, b diéu
khién tao ra s vin chuyén tin hiéu bén trong bg xit Iy nham thwe hién tdp 1énh twong
ng véi kién triic phan mém da dé ra. Mo ta dién tién thi hanh mot lenh ma may, day la
co s¢ dé hiéu dwoc cdc hoat dong xir Iy Iénh trong cdc ky thudt ong dan, siéu ong dan,
siéu vé huong,.. Mot s6 kj thudt xir Iy théng tin: ong dan, siéu ong dan, siéu vé hong,
mdy tinh cé lénh thdt dai, mdy tinh véc-to, xir Iy song song va kién triic IA-64

Yéu cdu: Sinh vién phdi nam ving cdu tric ciia bé xit 1y trung tam va dién tién
thi hanh mot lénh ma may, vi ddy la co so dé hiéu duoc cac hoat dong xuwr ly lénh trong
cdc ky thudt xu ly thong tin trong may tinh.

Bo6 xu 1y dugc chia chu yéu thanh hai b phan: Phan diéu khién va phan
duong di cua dit liu (data path) nhu dugc ve trong hinh III.1.

I11.1. PUONG PI CUA DU LIEU

Phan duong di dir liu gém c6 bd phan lam tinh va luan ly (ALU: Arithmetic
and Logic Unit), cac mach dich, cac thanh ghi va cac duong ndi két cac bd phan trén.
Phan nay chira hau hét cac trang thai cua bo xir Iy. Ngoai cac thanh ghi tong quat,
phan duong di dir liéu con chtra thanh ghi dém chuong trinh (PC: Program Counter),
thanh ghi trang thai (SR: Status Register), thanh ghi dém TEMP (Temporary), céc
thanh ghi dia chi bé nhé (MAR: Memory Address Register), thanh ghi s6 liéu bo nhé
(MBR: Memory Buffer Register), bo da hgp (MUX: Multiplexor), day 1a diém cudi
cua cac kénh dir li€u - CPU va bd nhd, véi nhiém vu 1ap thoi biéu truy cap b nhé tur
CPU va cac kénh dir liéu, hé thong bus nguodn (S1, S2) va bus két qua (Dest).

Nhiém vu chinh ctia phan dudng di dit liéu 1a doc cac toan hang tir cac thanh
ghi tong quat, thuc hién cac phép tinh trén toan hang nay trong bo lam tinh va luan ly
ALU va luu trir két qua trong cac thanh ghi tong quét. O ngé vao va nga ra cac thanh
ghi tong quat c6 cac mach chét A, B, C. Thong thudng, sb lugng cic thanh ghi tong
quat la 32.

Phan duong di cua dir li¢u chiém phan ntra di¢n tich cia by xu 1y nhung la
phan de¢ thiét ké va cai dat trong bo xur 1y.
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BO XU LY
BUSS1 S2 BUS DEST
Nga vao
Ngara
B
0 Ngi vao
[
D [ o !
]%: | giA Day cac ._+j_.
U v thanh ghi c
______________________________________ =
K < : TEMP < 9
H | N
I < Y < »
p PC
2 I —
N ) ; SR < »
IR

Ngd vao dir liéu

BO NHO TRONG
Dia chi
Nga ra dir liéu

!

Hinh II1.1: Té chivc ciia mét xir Iy dién hinh
(Cac dwong khong lién tuc la cac dwong diéeu khién)
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I11.2. BO PIEU KHIEN

B6 diéu khién tao cac tin hiéu diéu khién di chuyén sé liéu (tin hiéu di chuyén
s6 lidu tir cac thanh ghi dén bus hodc tin hiéu viét vao cac thanh ghi), diéu khién cac
tdc vu ma cac bd phan chirc nang phai lam (diéu khién ALU, diéu khién doc va viét
vao bd nhd trong...). Bd diéu khién ciing tao cac tin hiéu gitp cac 1énh dugc thyc hién
mot cach tuan tu.

Viée cai dat bo diéu khién co thé dung mot trong hai cach sau: dung mach
dién tir hodc dung vi chuong trinh (microprogram).

I11.2.1. B diéu khién mach dién tir

Pé hiéu dugc van hanh cua bo diéu khién mach dién tu, ching ta xét dén mé
ta vé Automate trang thai hiru han: c6 nhiéu hé thong hay nhiéu thanh phan ma ¢ mdi
thoi diém xem xét déu c6 mot trang thai (state). Muc dich cia trang thai 1a ghi nho
nhiing gi ¢6 li€n quan trong qua trinh hoat dong cua hé théng. Vi chi c6 mot so trang
thai nhat dinh nén noéi chung khong thé ghi nhé hét toan bo lich st cua hé théng, do
vdy no6 phai duoc thiét ké can than dé ghi nhd nhitng gi quan trong. Uu diém ctia hé
théng (chi c6 mot sd hiru han cac trang thai) d6 1a c6 thé cai dat hé thong voi mot
luong tai nguyén cb dinh. Chang han, chiing ta c6 thé cai dit Automate trang thai hitu
han trong phén cung may tinh ¢& dang mach di¢n hay mot dang chuong trinh don gian,
trong do, n6 c6 kha nang quyét dinh khi chi biét mot lugng gidi han dir li¢u hoac bﬁng
cach dung vi tri trong doan ma Iénh dé duara quyét dinh.

N Day diéu khié
/~ B0 didu khién ding mach dién o\ dieukhie

Automate
trang thai hitu han

Nedra —» Duongdi
—> dir liéu

Trang — >
Thai —>

T A A tuong — >

VYVVVY VYVVVVVYVYY
v

lai —>

Xung

Trang thai
Ngi vao ) nhip

IR

N J

Hinh II1.2: Nguyén tic vdn hanh ciia bé diéu khién diing mach dién

Hinh II1.2 cho thiy nguyén tic ciia mot b diéu khién bing mach dién. Céc
duodng diéu khién cua phan duong di s6 lidu 1a cac ngd ra ctia mot hoic nhiéu
Automate trang thai hiru han. Cac nga vao ciia Automate gdm cé thanh ghi 1énh, thanh
ghi nay chira 1énh phai thi hanh va nhitng thong tin tir bo duong di sé liu. Ung véi
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cdu hinh céc duong vao va trang thai hién tai, Automate s€ cho trang thai tuong lai va
cac duong ra twong Ung voi trang thai hién tai. Automate duge cai dat dudi dang la
mot hay nhiéu mach mang logic 1ap trinh duoc (PLA: Programmable Logic Array)
hodc cic mach logic ngau nhién.

Ky thuat diéu khién nay don gian va hiru hiéu khi cac 1énh c6 chiéu dai cb
dinh, c6 dang thtrc don gian. N6 dugce dung nhiéu trong cac bd xir Iy RISC.

I11.2.2. B diéu khién vi chwong trinh:

Day diéu khién
/ Bo diéu khién vi chuwong trinh \

Ngi ra — > .
g —»  Duong di

— dir liéu

B0 nhé vi chuong
trinh

|

VY VYVVVVVYVY

phan —
vi —

y

xung nhip . chi >
» PC ciaviCT t}ilép
T 1 theo

Xac dinh dia chi |
cua vi Iénh tiép
theo <

e J

Hinh II1.3: Nguyén tic vdn hanh ciia b diéu khién vi chwong trinh

So db6 nguyén tic cua bo diéu khién dung vi chuong trinh dugc trinh bay ¢
hinh IIL.3. Trong ky thuat nay, cac duong day diéu khién cua bd duong di dit lidu Gng
v6i cac ngd ra cua mot vi 1énh ndm trong bo nhé vi chuong trinh. Viée diéu khién cac
tac vu cia mot 1€énh ma may dugc thuc hi¢n bang mdt chudi cac vi 1énh. Mot vi may
tinh ndm bén trong bd dicu khién thyc hién ting 1énh cua vi chuong trinh nay. Chinh
vi may tinh nay diéu khién viéc thyc hién mot cach tudn tu cac vi 1énh dé hoan thanh
tac vu ma lIénh ma may phai thuc hién. Céac tdc vu ctia 1€énh ma may ciling tuy thudc
vao trang thai cua phan dudng di dit licu.

Bo diéu khién bang vi chuong trinh duoc dung rong rii trong cac bd xu ly
CISC. Bo xir 1y nay c6 tip 1énh phtic tap voi cac 1énh c6 chiéu dai khac nhau va cé
dang thirc phirc tap. Trong cac bo xu ly CISC, nguoi ta cai dat mot 1énh ma may bang
cach viét mot vi chuong trinh. Nhu vay cong viéc kha don gian va rat hiru hiéu. Cac
sai sot trong thiét ké automat diéu khién ciing d& stra doi.
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I1L.3. DIEN TIEN THI HANH LENH MA MAY
Viéc thi hanh mot Iénh ma may co thé chia thanh 5 giai doan:
o Doc lénh (IF: Instruction Fetch)
a Giai md lénh (ID: Instruction Decode)
o Thi hanh lénh (EX: Execute)
a Thdm nhdp bo nho trong hoac nhay (MEM: Memory access)
a Luwu trit két qua (RS: Result Storing).

MJi giai doan duoc thi hanh trong mot hodc nhiéu chu ky xung nhip.
1. Doc lénh:

MAR <« PC
IR « M[MAR]

Bo dém chuong trinh l?C duoc dua vao MAR . Lénh duoc doc tor bd nhd
trong, tai cac 6 nhd co6 dia chi nam trong MAR va dugc dua vao thanh ghi 1énh IR.
2. Gidi md lénh va doc cdc thanh ghi nguén:

A <« Rsl
B <« Rs2
PC« PC+4

Lénh dugc giai ma. Ké do cac thanh ghi Rsl va Rs2 duogc dua vao A va B.
Thanh ghi PC duoc tang 1€n dé chi to1 1€nh ké do.

Pé hiéu 15 giai doan nay, ta léy dang thurc ciia mot 1€nh lam tinh ti€u biéu sau
day:

Ma 1énh Thanh ghi Rs1 Thanh ghi Rs2 | Thanh ghi Rd | Tac vu
bit 6 5 5 5 11

Céac thanh ghi ngudn Rs1 va Rs2 duoc sir dung tuy theo tac vu, két qua duogc
dat trong thanh ghi dich Rd.

Ta théy viéc gidi ma dugc thuc hién cung lic voi viée doc cac thanh ghi Rsl
va Rs2 vi céc thanh ghi nay luén nam tai cung vi tri & trong 1énh.

3. Thi hanh lénh:
Tuy theo loai Iénh ma mot trong ba nhi¢m vu sau day dugc thuc hién:
- Lién h¢ t61 b nhé
MAR <« bia chi do ALU tinh tuy theo kiéu dinh vi (Rs2).
MBR « Rsl

Dia chi hi¢u dung do ALU tinh dugc dua vao MAR va thanh ghi nguodn Rsl
dugc dua vao MBR dé dugc luu vao b nhé trong.
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- Mot 1énh cua ALU

Ngi ra ALU « Két qua cua phép tinh

ALU thuc hién phép tinh xac dinh trong ma 1énh, dua két qua ra nga ra.
- Mot phép nhay

Ngi ra ALU <« Dia chi Iénh tiép theo do ALU tinh.

ALU céng dia chi cua PC vo1 do ddj dé lam thanh dia chi dich va dua dia chi
nay ra ngd ra. Néu la mot phep nhdy c6 dicu kién thi thanh ghi trang thai dugc doc
quyét dinh c¢6 cong d¢ do1 vao PC hay khong.

4. Tham nhdp bj nhé trong hodc nhay lin cuéi

Giai doan nay thuong chi dugc dung cho céc 1énh nap dir liéu, luu gitr dit licu
va 1énh nhay.

- Tham khao dén bo nhé:
MBR <« M[MAR] hoic M[MAR] <~ MBR
S6 lieu dugc nap vao MBR hodc luu vao dia chi ma MAR tro dén.
- Nhay:
If (diéu kién), PC < nga ra ALU
‘ Néu diéu kién ding, nga ra ALU duogc nap vao PC. DPéi véi 1énh nhdy khong
diéu kién, nga ra ALU lu6n dugc nap vao thanh ghi PC.
5. Luwu triv két qua
Rd < Nga ra ALU hoac Rd < MBR

Luu trit két qua trong thanh ghi dich.

II1.4. NGAT QUANG (INTERRUPT)

Ngat quang 1a mot su kién xay ra mot cach ngau nhién trong may tinh va lam
ngung tinh tuan ty cta chuong trinh (nghia 13 tao ra moét 1énh nhay). Phan 16n c4c nha san
Xuat may tinh (vi du nhu IBM, INTEL) dung tur ngit quang dé am chi su kién nay, tuy
nhién mot s6 nha san xuit khac dung tir “ngoai 18, “16i”, “b“ » dé chi dinh hién tuong
nay.

Bo diéu khién cia CPU 1a bo phan khé thyc hién nhat va ngat quing la phan kho
thuc hién nhét trong bo diéu khién. Dé nhan biét duoc mot ngét quang luc dang thi hanh
mot 18nh, ta phai biét didu chinh chu ky xung nhip va diéu nay c6 thé anh huong dén hiéu
qua cuia may tinh.

Nguoi ta dd nghi ra “ngit quang” 13 dé nhan biét cac sai st trong tinh toan sb
hoc, va dé ung dung cho nhitng hi¢n tugng thoi gian thuc. Bay gio, ngat quang duoc
dung cho céc cong viéc sau day:

o Ngoai vi doi héi nhdp hoac xuat so liéu.

o Ngudi lap trinh mudn dung dich vu cta hé diéu hanh.
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Kién tric may tinh

o Cho mdt chuong trinh chay tirng 1é€nh.

o Lam diém dung ctia mot chuwong trinh.

o Béo tran s liéu trong tinh toan sb hoc.

o Trang bo nhé thyc su khdng co6 trong bd nhd.

o Bdao vi pham vung cAm cua bo nhé.

o Bdao dung mot 1énh khong co trong tap Iénh.

o Béo phan crng may tinh bi hu.

0 Bdo dién bj cit.

Du rang ngat quang khong xay ra thuong xuyén nhung bo xtr ly phai dugc thiét

ké sao cho c¢o thé luu giit trang thai cta no trudce khi nhay di phuc vu ngit quing. Sau khi

thuc plen xong chuong trinh phuc vu ngat bd xur Iy phai khoi phuc trang thai cia no dé
co theé ti€p tuc cong viéc.

Dé don gian viéc thiét ké, mot vai bo xir Iy chi chip nhén ngit sau khi thuc hién
xong 1énh dang chay. Khi mot ngdt xay ra, bo xir 1y thi hanh cac budc sau day:

1. Thuc hién xong lénh dang lam.

2. Luwu trir trang thai hién tai.

3. Nhay dén chwong trinh phuc vu ngat

4. Khi chuong trinh phuc vu cham dirt, bé xir ly khoi phuc lai trang thai cii cua
no va tié}) tuc thuc hién chuong trinh ma no dang thuc hién khi bi ngét.

I1L5. KY THUAT ONG DAN (PIPELINE)

Pay 1a mot k§ thuat 1am cho cac giai doan khac nhau ciia nhiéu 1énh duoc thi
hanh cung mot luc.

Vi du: Ching ta c6 nhitng 1¢énh déu dan, mdi 1énh dugce thuc hién trong cung mot
khoan thoi gian. Gia sir, mdi 1énh duoc thyuc hién trong 5 giai doan va mdi giai doan duoc
thyc hién trong 1 chu ky xung nhip. Cac giai doan thyc hién mdgt Iénh la: léy 1énh (IF:
Instruction Fetch), giai ma (ID: Instruction Decode), thi hanh (EX: Execute), thAm nhap
bd nhé (MEM: Memory Access), luu trit két qua (RS: Result Storing).

Hinh 1114 cho thay chi trong mot chu ky xung nhip, bd xir 1y c6 thé thyc hién
mot 1€nh (binh thuong 1énh nay duogc thuc hién trong 5 chu ky).

Chubi Iénh Chu ky xung nhip
1 2 3 4 5 6 7 8 9
Lénh tht i IF | ID | EX | MEM | RS
Lénh tht i+1 IF | ID EX | MEM | RS
Lénh thir i+2 IF ID EX | MEM | RS
Lénh thir i+3 IF ID EX |MEM| RS
Lénh thir i+4 IF ID | EX |MEM| RS

Hinh II1.4: Cdc giai doan khdc nhau ciia nhiéu lgnh dwoc thi hanh cing mét liic
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So sanh véi kiéu xir 1y tuan ty théng thub;ng, 5 Iénh duogc thuc hién trong 25 chu
ky xung nhip, thi xtr 1y 1énh theo k¥ thuat 6ng dan thyc hién 5 lanh chi trong 9 chu ky
xung nhip.

Nhu vay k¥ thuat 6ng din lam tang téc do thuc hién cac 1énh. Tuy nhién k¥ thuat
ong dan c6 mot s6 rang budc:

- Can phai c6 mot mach dién dé thi hanh mdi giai doan cua 1€nh vi tat ca cac
giai doan cua l1énh duoc thi hanh cing lac. Trong mot bo xur Iy khong dung ki thuat ong
dan, ta c6 thé dung bo 1am toan ALU dé cap nhat thanh ghi PC, cap nhat dia chi ciia toan
hang bo nhd, dia chi 6 nhé ma chuong trinh can nhay t&i1, lam cac phép tinh trén cac toan
hang vi cac phép tinh nay c6 thé xay ra & nhiéu giai doan khac nhau.

- Phai c6 nhiéu thanh ghi khac nhau ding cho céc tic vu doc va viét. Trén hinh
I11.4, tai mot chu ky xung nhip, ta thay cung mdt lac ¢6 2 tac vu doc (ID, MEM) va 1 tac
vu viét (RS).

- Trong mdt may co6 ky thuat 6ng dan, c6 khi két qua cua mot tac vu trude do,
1a toan hang ngudn ctia mot tac vu khac. Nhu vay s€ c6 thém nhitng khé khan ma ta s€ dé
cap ¢ muc toi.

- Can phai giai mi cac 1énh mot cach don gian dé c6 thé giai ma va doc cac
toan hang trong mdt chu ky duy nhat cua xung nhip.

- Can phai ¢6 cac bo 1am tinh ALU hitu hiéu dé c6 thé thi hanh 1énh s hoc dai
nhat, c6 so gitr, trong mdt khoang thoi gian it hon mét chu ky ctia xung nhip.

- Can phai c6 nhiéu thanh ghi 1énh dé luu giit 1énh ma ching ta phai xem xét
cho moi giai doan thi hanh 1énh.

- Cudi cung phai c6 nhiéu thanh ghi bd dém chuong trinh PC dé c6 thé tai tuc
cac 1énh trong truong hop c6 ngat quang.

I11.6. KHO KHAN TRONG KY THUAT ONG DAN

Khi thi hanh 1énh trong mot may tinh dung k¥ thuat ong dan, cé nhiéu trudong
hop lam cho viéc thuc hién k¥ thuat o6ng dan khong thyc hién duge nhu la: thiéu céc
mach chirc nang, mot 1€nh dung két qua cua 1é€nh trudc, mot 1énh nhay.

Ta co thé‘phén ]oiét 3 loai khé khan: khé khan do cdu triic, khé khan do sé liéu
va kho khan do diéu khién.
a. Khé khin do ciu tric:
~ bay la kho khan do thiéu bo phén chure nang, vi du trong mot may tinh dung ky
thuat ong dan phéj c6 nhiéu ALU, nhiéu PC, nhi€u thanh ‘ghi léph IR ... Céac kho khan nay
duoc giai quyét bang cach thém cac bo phan chirc nang can thiét va hitu hiéu.
b. Khé khin do s6 liéu:
Lay vi du trudng hop céc 1énh lién tiép sau:
Lénh 1: ADD RI1, R2, R3
Lénh 2: SUB R4, R1, R5

Lénh 3: AND R6, R1, R7
Lénh 4: OR RS, R1, R9
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Hinh IIL.5 cho thay R1, két qua ctia 1énh 1 chi ¢6 thé dugc dung cho 1énh 2 sau
giai doan MEM C}ia 1énh 1, nhung R1 dugc dung cho 1€nh 2 vao giai doan EX cua I¢nh 1.
Chung ta cling thay R1 duogc dung cho cac 1énh 3 va 4.

1-ADD R1,R2,R3 |IF |ID |[EX |[MEM|RS |

L NN
2-SUB R4,R1,R5 [IF |[ID |EX\ NMEM]|RS |
3- AND R6,R1, R4 [IF |ID |EX\ MEM|RS |
4-OR RS8,RI,R9 [IF |[ID" |EX MEM |RS |

Hinh IIL.5: Chudi Iénh minh hog khé khdn do sé liéu.

Pé khic phuc khé khan nay, mét b phan phan cimg dugc dung dé dua két qua
tr nga ra ALU truc ti€ép vo mot trong cac thanh ghi nga vao nhu trong hinh III.6.

> CAC THANH GHI
| |
v v v v
Da hop Da hop
‘vr
Thanh ghi
ALU demac?mg e
! / e
R4 /
/

R1

Hinh I11.6: ALU véi bé phén phin cirng dwa két qud tinh todn tré lai ngd vao

Khi bd phan phan cimg néu trén phat hién c6 dung két qua cia ALU lam toan
hang cho liét k&, n6 tdc dong vao mach da hgp dé dua ngd ra cua ALU vao ngé vao cua
ALU hodac vao nga vao cua mgt don vi chirc nang khac néu can.

c. Khé khin do diéu khién:

Céc 1énh lam thay ddi tinh thi hanh cc 1énh mot cach tuan tu (nghia 1a PC tang
déu dan sau m@i 1énh), gy kho khan vé di€u khién. Cac léqh nay la Iénh nhdy dén mdt
dia chi tuyét g‘iéi chtra trong mot thanh ghi, hay 1énh nhay dén mdt dia chi xac dinh mot
cach tuong do1 so voi dia chi hi¢n tai cua by dém chuong trinh PC. Cac Iénh nhay trén c6
thé c6 hodc khong diéu kién.

Trong truong hop don gian nhét, tac vu nhay khong thé biét trude giai doan giai
ma (xem hinh III.4). Nhu vay, néu 1€nh nhay bat dau ¢ chu ky C thi Iénh ma chuong trinh
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nhay to1 chi dugc bat dau o chu ky C+2. Ngoai ra, phai biét dja chi can nhay dén ma ta c6
& cudi giai doan giai ma ID. Trong 1énh nhay tuong ddi, ta phai cong d6 doi chira trong
thanh ghi Iénh IR vao thanh ghi PC. Viéc tinh dia chi nay chi dugc thuc hién vao giai
doan ID véi diéu kién phai c6 mdt mach cong vi¢e riéng biét.

‘ Vay trong truong hop Iénh nhay khong diéu kién, 1énh ma chuong trinh nhay dén bét
dau thuc hién ¢ chu ky C+2 néu Iénh nhay bat dau ¢ chu ky C.

Cho céc 1énh nhay c6 diéu kién thi phai tinh toan diéu kién. Thong thudng céc
kién trac RISC dat két qua viéc so sanh vao trong thanh ghi trang théi, hoic vao trong
thanh ghi tong quat. Trong ca 2 trudng hop, doc diéu kién twong duong voi doc thanh
ghi. Poc thanh ghi ¢ thé duoc thyc hién trong phan ntra chu ky cudi giai doan ID.

Mot truong hop kho hon c6 thé xay ra trong nhimg 1énh nhay c6 diéu kién. D6 1a
diéu kién dugc c6 khi so sanh 2 thanh ghi va chi thyc hién 1énh nhay khi két qua so sanh 1a
dung. Viéc tinh toan trén cac dai luong logic khong thé thuc hién duoc trong phan nira chu
ky va nhu thé phai kéo dai thoi gian thyc hién 1énh nhay c6 diéu kién. Nguoi ta thuong tranh
cac truong hop nay dé khong 1am giam muc hitu hiéu cia may tinh.

Viy trudong hop don gian, ngudi ta co thé dugc dia chi can nhay dén va diéu kién
nhay cudi giai doan ID. Vay c6 cham di mot chu ky ma ngudi ta c6 thé giai quyét bang
nhiéu cach.

Céch thtr nhat 13 dong bang ky thuat 6ng din trong mot chu ky, nghia la ngung
thi hanh 1&énh thtr i+1 dang lam néu 1¢énh thu i la Iénh nhay. Ta mat trang mét chu ky cho
moi 1€nh nhay.

Céch thir hai 14 thi hanh lénh sau 1énh nhay nhung luu ¥ rang hiéu qua cia mot
1énh nhay bi cham méat mot 1énh. Vay 1énh theo sau I¢nh nhay dugc thyc hién trudce khi
1énh ma chuong trinh phai nhay té1 dugc thyc hién. Chuong trinh dich hay nguoi 1ap
trinh ¢6 nhi€ém vu xen vao mot 1énh hitu ich sau Iénh nhay.

Trong trudng hop nhay cé diéu kién, viéc nhay co thé duoc thuc hién hay khong
thuc hién. Lénh hitu ich dat sau 1€nh nhay khong lam sai 1éch chuong trinh du di€u kién
nhdy dung hay sai.

B6 xu Iy RISC SPARC c6 nhiing 1énh nhay v6i huy bo. Cac 1énh nay cho phép
thi hanh 1énh sau 1énh nhay néu diéu kién nhay dung va huy bo thuc hién 1énh d6 néu
diéu kién nhay sai.

I11.7. SIEU ONG DAN

May tinh c6 k¥ thuét siéu dng dan bac n bang cach chia cic giai doan cia k¥
thuat 6ng dan don gian, moi giai doan dugc thyc hién trong khoan thoi gian Tc, thanh n
giai doan con thuc hién trong khoan thoi gian Te/n. DO hitu hi€u cta ky thuét nay tuong
duong v6i viéc thi hanh n 1énh trong mdi chu ky Tc. Hinh IIL.7 trinh bay thi du vé siéu
ong dan bac 2, ¢ so sanh voi si€u ong dan don gian. Ta thay trong mot chu ky T, may
dung ky thuat siéu 6ng dan lam 2 1énh thay vi laml 1énh trong may dung ky thuat 6ng
dan binh thuong. Trong may tinh siéu dng dan, tdc do thuc hién 1énh twong duong voi
viéc thyc hién mot 1€nh trong khoang thoi gian Te/n. Céc bat 1oi cua siéu 6ng dan 1a thoi
gian thuc hién mot giai doan con ngén Tc/n va viée tri hoan trong thi hanh 1énh nhay 16n.
Trong vi du ¢ hinh II1.7, néu 1énh tht i 13 mot 1énh nhay twong dbi thi 1énh nay duoc giai
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ma trong giai doan ID, dia chi nhay dén dugc tinh vao giai doan EX,, 1énh ~phéli duogc nhay
té1 la 1énh thir i+4, vay co tri tré 3 Iénh thay vi 1 1é€nh trong k¥ thuat ong dan binh thuong.

i

i+1

1+2

1+3

i+4

1+5

1+1

1+2

iF1 2 o1 o2 [ex1 Jex2 [vewmijvemz[rsi [Rs2 |

. IF | I | EX | MEM | RS |

IF 1D EX | MEM | RS
| | | | | |
| IF_ | I [ EX | MEM | RS |

Hinh II1.7: Siéu éng dén béc 2 so véi siéu ong din don gian.
Trong khodng thoi gian Tc, mdy c6 siéu ong din lam 2 Iénh
thay vi 1 Iénh nhw trong mady co ky thudt ong ddan don gidn.

I1L8. SIEU VO HUONG (SUPERSCALAR)

May tinh siéu v6 hudng bac n co thé thuc hién déng thoi n Iénh trong mdt chu ky
xung nhip Tc. Hinh II1.8 trinh bay mét vi du v€ sy van hanh ctia mgt may tinh siéu vo
hudng bac 2 so vo1 mdt may tinh dung k¥ thuat ong dan.

1

i+1

112

113

i+1

N

> (a)

-

IF ID EX MEM RS

| IF ID EX MEM RS
IF ID EX MEM RS
IF ID EX MEM RS

| IF | ID EX MEM RS
IF ID EX MEM RS

Hinh II1.8: Siéu v6 hwdng (a) so véi ky thudt ong din (b).
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Trong mdt may tinh siéu vé hudng phan cing phai quan 1y viéc doc va thi hanh
ddng thoi nhiéu 1énh. Vay no phai c¢6 kha ning quan 1y cac quan hé giita s6 liéu v6i nhau.
Ciing can phai chon cac Iénh c6 kha nang dugc thi hanh cung mét Iuc. Nhiing bd xur 1y
dau tién dua ra thi truong dung k¥ thuat ndy 13 cac bo xir 1y Intel i860 va IBM RS/6000.
Cac bo xir Iy nay c6 kha niang thyc hién song song nhiéu tac vu trén sd nguyén va trén sd
1¢.

Nam 1992, nguoi ta théiy xudt hién cac bo xur 1y ¢ nhiéu bd thuc hién tac vu doc lap
v6i nhau (nhiéu ALU, bd tinh toan so 18, nap dir liéu, luu dit liéu, nhay), c6 thé thuc hién song
song nhiéu 1énh (1énh tinh sb nguyén, sb 1, 1énh bo nhd, 1énh nhay...). S6 1énh c¢6 thé duoc thi
hanh song song cang nhiéu thi phan ctng thuc hién viéc nay cang phtc tap.

II19. MAY TINH CO LENH THAT DAI VLIW (VERY LONG
INSTRUCTION WORD)

May tinh siéu vo huéng cé thé thuc hién 2 hodc 3 1énh trong mdi chu ky xung
nhip. Do k¥ thuat éng dan doi hodi cac 1énh phai phu thudc vao nhau nén rat kho thuc
hién nhiéu 1énh trong mét chu ky. Nhu vay, thay vi cd thuc hién nhiéu 1énh trong mot
chu ky, nguoi ta tim cach dua vao nhiéu 1énh trong mot tir 1énh dai. Mot lénh VLIW
c6 thé chira hai tdc vu tinh toan sb nguyén, hai tic vu tinh toan sé 1é, hai tac vu tham
nhdp bd nhd va mdt 1énh nhay. Mot I1énh nhu vay dugc chia thanh nhiéu truong, moi
trudng c6 thé co tir 16 dén 24 bit va chiéu dai cua 1énh VLIW 1a tir 112 dén 168 bit.
C6 nhiéu ky thuat tao ra mot 1énh VLIW trong do tAt ca cac truong déu duoc dung.
Gia thanh va d6 phtc tap ctia mot mdy tinh c6 1énh that dai ting 18n rat nhiéu néu
ngudi ta ting sd trudng trong mot 1énh VLIW.

I11.10. MAY TINH VECTO

Mot may tinh vecto bao gdm mdt bo tinh toan vo hudng binh thuong dung ky
thuat 6ng dan va mot b lam tinh vecto. B¢ tinh toan v6 hudng, giéng nhu bo xir 1y
dung k¥ thuét dng dan, thyc hién cac phép tinh v6 hudng, con bo lam tinh vecto thyuc
hién cac phep tinh vecto. Da s6 céc may tinh vecto cho phép lam cac phép tinh trén
vecto sd nguyén, vecto sb 1 va vecto sb logic (sb Boolean).

C6 2 kiéu kién triic may tinh vecto: kiéu vecto 6 nhé - 6 nhé va kiéu thanh
ghi vecto. Trong may tinh loai vecto by nhé - by nhd, cac phép tinh vecto dugc thuc
hién trong bd nhd. Kién trac kiéu thanh ghi vecto dugc thuc hi¢n trong céc si€u may
tinh CRAY - 1, CRAY -2, X - MP, Y - MP, trong céc si€éu may tinh cia Nhat NEC
SX/2, Fujitsu VP200 va Hitachi $S820. Cac may ndy c6 mot bd nhiéu thanh ghi vecto
va nhiing tac vu vecto dugc thuc hién trén cac thanh ghi nay ngoai trir cac tdc vu nap
dit liéu va luu dir liéu. Mady CRAY-2 (1995) c6 8 thanh ghi vecto, mdi thanh ghi co6
thé chira 64 vecto, mdi vecto c6 chiéu dai 64 bit.

III.11. MAY TINH SONG SONG

Trong cac may tinh siéu ong dan, siéu vo hudng, mdy tinh vecto, may tinh
VLIW, nguoi ta da dung tinh thuc hién song song cac I1énh & cac mirc d§ khac nhau dé
lam tdng hi¢u qua cua chung. Gidi han vé kha nang tinh todn cua loai may trén cung
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v6i su phat trién cua cong nghé may tinh khién nguoi ta nghi t6i giai phap song song
theo d6 nguoi ta ting cudng hiéu qua ciia may tinh bang cach ting sé luong bo xu 1y.

Céac may tinh c6 thé sip xép vao 4 loai sau:

1- SISD (Single Instructions Stream, Single Data Stream): Mdy tinh mdt dong
Iénh, mdt dong so ligu.

2- SIMD (Single Instructions Stream, Multiple Data Stream): May tinh mot
dong 1énh, nhiéu dong so licu.

3- MISD (Multiple Instructions Stream, Single Data Stream):May tinh nhiéu
dong 1énh, mot dong so liu.

. 4- MIMD (Multiple Instruction Stream, Multiple Data Stream): May tinh
nhiéu dong 1énh, nhi€u dong so li¢u.

Kiéu phan loai nay don gian, dé hi€u, van con hi¢u lyc dén hdm nay, mac du
c6 nhiing may tinh dung kién tric hon tap.

Céc may tinh SISD tuong Ung vdi cdc may mot bo xu ly ma ching ta da
nghién ctru.
Cac may MISD kiéu may tinh nay khong san xuat thuong mai.

Cac may SIMD c6 mot s6 16n cac bo xu ly giéng nhau, cung thyc hién mot
lénh giéng nhau dé xur 1y nhiéu dong dir liéu khac nhau. Mdi bo xir 1y ¢6 bd nhé dir
li€u riéng, nhung chi c6 mot bd nh¢ Iénh va mot bo xur 1y diéu khién, bo nay doc va
thi hanh cac 1énh. Mady CONNECTION MACHINE 2 (65536 bd xtr 1y 1 bit) cua cong
ty Thinking Machine Inc, 1a mot vi du dién hinh ctia SIMD. Tinh song song dung
trong cac may SIMD la tinh song song cua cac dir li€u. No6 chi c6 hiéu qua néu cau
tric cac dir liéu d& dang thich tng véi cdu trac vat Iy ciia cac bd xur Iy thanh vién. Cac
b xtr 1y véc-to va mang thudc loai may tinh nay

Cac may MIMD c6 kién tric song song, nhitng nim gan day, cic may MIMD
ndi 1én va duoc xem nhu mot kién tric dwong nhién phai chon cho cac may nhiéu bo
xu 1y dung trong cac ing dung thong thuong, mot tap hop cac bo xur ly thuc hién mdt
chudi cac 1énh khac nhau trén céc tap hop dit liéu khac nhau. Cac may MIMD hién tai
co thé duge xép vao ba loai hé thong s& dugce gidi thiéu trong phan tiép theo cua
chuong trinh 1a: SMP (Symmetric Multiprocesors), Cluster va NUMA (Nonunifrom
Memory Access)

a). Mot hé thong SMP bao gém nhiéu bo xir 1y giéng nhau duoc lap dat bén
trong mot may tinh, cac b xu ly nay két ndi v6i nhau bai mot hé théng bus bén trong
hay mét vai su sip xép chuyen mach thich hop. Van dé 16n nhét trong hé thong SMP
1a su két hop cac hé thong cache riéng 1¢. Vi mdi b xur 1y trong SMP c6 mot cache
riéng cua nd, do d6, mot khéi dit lidu trong bd nhé trong c6 thé ton tai trong mot hay
nhiéu cache khac nhau. Néu mét khdi dir liéu trong mot cache cua mot bd xur ly nao
d6 bi thay ddi s& dan dén dir lidu trong cache cta cac bo xir Iy con lai va trong bo nhd
trong khong ddng nhat. Cac giao thirc cache két hop dugc thiét ké dé giai quyét van dé
nay.
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b). Trong hé thong cluster, cac may tinh doc lap dugc két ndi v6i nhau thong
qua mot hé thong két ndi téc do cao (mang tbc do cao Fast Ethernet hay Gigabit) va
hoat dong nhu mot may tinh thong nhat. Mdi may trong hé théng dugc xem nhu 1a
mot phan cua cluster, dugce goi 1a mot nat (node). Hé thong cluster ¢6 cac vu diém:

- Tbc d6 cao: C6 thé tao ra mot hé thong cluster c6 kha nang xur 1y manh
hon bat cir mot may tinh don 1€ nao. Moi cluster c6 thé bao gobm hang t4 may tinh,
moi may c6 nhiéu by xtur 1y.

- Khé nang mé rong cao: cd thé nang cép, mo rong mot cluster da duoc ciu
hinh va hoat dong 6n dinh.

- Pé tin cay cao: Hé thong‘vﬁn hoat dong 6n dinh khi c6 mot nat (node)
trong hé thong bi hu hong. Trong nhi¢u hé thong, kha nang chiu 101 (fault tolerance)
duogc xur ly ty dong bang phan mém.

- Chi phi dau tu thip: hé thdng cluster c¢6 kha ning manh hon mot mdy tinh
don 1¢ manh nhat véi chi phi thip hon.

c). Mot hé thong NUMA (Nonunifrom Memory Access) 1a hé thong da xur 1y
duoc gidi thiéu trong thoi gian gan day, day 13 hé thdng v6i bo nhd chia sé, thoi gian truy
cip cac ving nhé danh riéng cho cac bo xir Iy thi khac nhau. Didu nay khac voi kiéu quan
1y bo nhd trong hé théng SMP (bd nhé dung chung, thoi gian truy cap cac ving nhé khac
nhau trong hé thdng cho cic bd xir Iy 13 nhu nhau). Hé théng nay c6 nhitng thudn loi va
bét loi nhu sau:

Thudn loi:

- Thuc hién hiéu qua hon so véi hé thong SMP trong céc xir Iy song song.

- Khéng thay d6i phan mém chinh.

- B0 nhd c6 kha niang bi nghén néu cé nhiéu truy cip dong thoi, nhung didu
nay co thé dugc khac phuc bang cach:

+ Cache L1&L2 duoc thiét ké dé giam téi thiéu tat ca cac tham nhap bo nhé.

+ Can cac phﬁn mém cuc bd duge quan ly tdt dé viéc cac ung dung hoat dong
hi¢u qua.

+ Quan tri bd nhd 40 s& chuyén cic trang tdi cac nat can dung.

Bt lgi:

- Heé théng hoat dong khong trong sudt nhu SMP: viée cp phat cac trang, cac
qua trinh c6 thé duoc thay doi bdi cac phan mém hé thong néu can.

- Hé thong phirc tap.

Lién quan dén bo nhé trong cic may tinh song song, ching ta c6 thé chia
thanh hai nhém may:

- Nhém may thtr nhat, ma ta goi 1a may c6 kién triic bd nhg chia sé, c6 mot bd
nhé trung tim duy nhat dugc phan chia cho cac bo xtr Iy va mot hé thdng bus chia sé
dé ndi cac b xur 1y va bd nhé. Vi chi c6 mot bo nhé trong nén hé thong bo nh¢ khong
du kha ning dap ung nhu cau thim nhap bd nhd ctia mot s 16n cac bd xur 1y. Kiéu
kién trac bo nhé chia sé dugc dung trong hé thong SMP.
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Nhoém may thir hai bao gom cac mdy c¢6 bd nhd phan tin vat 1y. Mdi mdy cla
nhoém nay gém c6 cac nit, mo1 nut chira mot bd xr 1y, bd nhd, mdt vai nga vao ra va mot
giao dién vdi hé¢ thong két ndi gitra cac nat (hinh 111.10).

Bo xir ly H = = Bo xtr ly Bo xir ly
L1 Cache L1 Cache L1 Cache

Bus dung
)
vao ra
B0 nhé trong
dung chung Bus
noi e Diéu hop
ngo gll' vao ra
vi
Diéu hop
— vao ra

Hinh II1.9: May tinh song song vdi bé nhé dung chung, hé théng bus ding chung

H¢ thong két néi

Hinh II1.10: Céu triic nén ciia mét b nhé phan tin
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Viéc phan tan b nhé cho céac nit c6 hai diém loi. Trude hét, day 1a mdt cach phan
tan vi¢c tham nhap bd nhod. Thur hai, cach nay 1am gidm thot gian cho doi luc tham nhap
bd nhé cuc bd. Cac lgi diém trén 1am cho kién tric c6 bd nhé phan tan dugc dung cho
cac may da xtr Iy c6 mot sb it bo xir y. Piém bat loi chinh cua kién trac may tinh nay 1a
viéc trao d6i dit lidu gitra cac bo xir 1y trd nén phirc tap hon va mat nhiéu thoi gian hon vi
céc bo xir Iy khong cung chia s¢é mot b nhd trong chung. Cach thuc hién viée trao d6i
thong tin giita bo xur Iy va bd nhé trong, va kién trac logic ctia bd nhd phan tan 13 mot
tinh chit dic thu cia cac may tinh v6i bo nhé phan tan.

C6 2 phuong phéap dugc dung dé truyén dir liéu giita cac bo xir 1y.

i). Phuwong phdp thir nhdt 13 cac bd nhd dugce phan chia mot cach vat 1y c6 thé
dugc tham nhap v6i mot dinh vi chia sé mot cach logic, nghia 1a néu mot bo xtr 1y bat ky
c6 quyén truy xuat, thi no co thé truy xuat bat ky 6 nhé nao. Trong phuwong phap nay cac
may duogc goi c6 kién tric bo nhé chia sé phan tan (DSM: Distributed Sharing Memory).
Ttr bd nhé chia sé cho biét khong gian dinh vi bi chia sé. Nghia 1 cing mot dia chi vat Iy
cho 2 bd xur Iy tuong ung véi cung mot 6 nho.

ii). Phurong phdp thir hai, khong gian dinh vi bao gdm nhiéu khong gian dinh vi
nho khong giao nhau va cé thé duge mot bo xir Iy tham nhap. Trong phuong phéap nay,
mot dia chi vat 1y gan véi 2 may khac nhau thi twong tmg véi 2 6 nhé khac nhau trong 2
bd nhd khac nhau. Méi mo-dun bd xi Iy-bé nhé thi co ban 1a mot mdy tinh riéng biét va
cac may nay dugc goi 13 da may tinh. Cac may nay c6 thé gdm nhiéu may tinh hoan toan
riéng biét va duoc ndi vao nhau thanh mét mang cuc bd.

P
. * * 10,
Pﬂ » * &
* . . O,

Hinh IIL11: Té chirc két noi ciia mdy tinh song song cé bé nhé phén tin
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Kién tric song song phat trién manh trong thdi gian gan day do cac 1y do:

- Viéc dung xur ly song song dédc biét trong lanh vyc tinh toan khoa hoc va cong
nghé. Trong céc ldnh vuc ndy ngudi ta ludn can dén may tinh c6 tinh ning cao hon.

- Ngudi ta da chap nhan rang mot trong nhiing cach hiéu qua nhat dé ché tao
may tinh c6 tinh ndng cao hon cac may don xur Iy 1a ché tao cac may tinh da xtr 1y.

- May tinh da xu ly rat hiéu qua khi dung cho da chuong trinh. Pa chuong trinh
duoc dung chu yéu cho cac may tinh 16n va cho cac may phuc vu 16n.

Céac vi du vé céc siéu may tinh dung k¥ thuat xir 1y song song:

- May dién toan Blue Gene/L cua IBM dang dugc dat tai Phong thi nghiém
Lawrence Livermore, va ding du trong s6 500 siéu may tinh manh nhat thé gigi. Siéu
may tinh Blue Gene/L s& dugc sir dung cho cac cong viée "phi truyén thdng", chi yéu la
gia 1ap va mo phong céc qua trinh sinh hoc va nguyén tir. May dién toan Blue Gene/L da
dat téc d6 hon 70 teraflop (nghin ty phép tinh/gidy). Két qua nay cé thé s& dua cd may
1én vi tri d4n dau trong danh sach cac siéu mdy tinh nhanh nhit thé gi6i, dugc cong bd
ngay 8/11/2004. Theo d6, siéu may tinh do IBM lap rap da dat toc do 70,72 teraflop trong
cac cudc thir nghiém hoi thang 10/2004. IBM nghién ctru va phat trién Blue Gene véi
muc dich thir nghiém nham tao ra cac hé thong cuc manh nhung chiém it khong gian va
ti€u thuy it nang luong. IBM du klen s& lap dat cho phong thi nghiém quéc gia Lawrence
Livermore mot si€u may tinh co tbc do nhanh gap 4 1an so voi ky luc vira dat dugc. Khi
d6, thiét bi s& dugc ung dung vao nhiéu nghién ctru khoa hoc. Hé théng méi bao gdm
16,384 giao diém dién toan két nbi 32.768 b xir Iy.

- Thong tin méi nhét (02/2005) cho biét: siéu may tinh IBM Blue Gene/L vira
thiét 1ap ky luc méi d6 1a c6 kha nang xir Iy 135,5 nghin ty phép tinh/gidy (135,3
teraflop), vuot xa ky luc 70,72 teraflop do chinh siéu may tinh nay lap nén. S6 bo xur ly
(BXL) cta Blue Gene/L vira dugc cac nha khoa hoc ting 1én gap doi (64.000 BXL) nham
tang cuong kha ning tinh ton cho siéu mdy tinh nay. Ciing can phai nhic lai rang thiét
ké hoan thién cta siéu méy tinh Blue Gene/L, du kién s& hoan tat vao khoang thang 6 toi,
s& bao gdm 130.000 BXL véi toc d6 tinh toan duge ky vong vao khoang 360 teraflop.

Blue Gene la tén goi chung cho du 4n nghién ctru si€éu may tinh dugc IBM khdi
dong tir nam 2000, v6i muc dich ban dau la thiét ké mot "cd may" c6 kha nang xtr 1y 1
teraflop. Trong khi d0, siéu may tinh Blue Gene/L 1a mét trong nhiéu san pham chu lyuc
ctia IBM nham canh tranh véi cac hang ddi thu Silicon Graphics va NEC.

- Hang dién tu khong 160 NEC phét hanh mdt supercomputer dang vector, may
SX-8 méi ra doi c¢6 toe do xur 1y cuc dai Ién t61 65 teraflop (65 nghin ty phep tinh dau
phay dong/gidy) va kha nang hoat dong 6n dinh & muc xap xi 90% cua téc do 58,5%
teraflop. May SX-8 c6 kién triic khac hian Blue Gene/L cia IBM. N6 dung kién trac
vector nén dem dén d6 6n dinh khi hoat dong cao hon nhiéu so véi dang may tinh vo
hudng (scalar) nhu ciia IBM

- Mot hé thdng tai trung tdm nghién ctru ciia Co quan hang khong vii tru My
(NASA) tai California cling dat dugc tbe do 42,7 teraflop. Vai tén goi Columbia, siéu
may tinh nay s& dugc sir dung dé nghién ctru khi tuong va thiét ké may bay. Hé thong tri
gia 50 triéu USD (thoi diém thang 10/2004) nay st dung phan mém Linux va di duoc
SGI ky hop ddng ban cho Co quan hang khong vii tru My NASA. N6 c6 thé thyc hién
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42,7 nghin ty phep tinh/gidy (42,7 teraflop). Tuy nhién, toc d6 d6 chua phai la tat ca
nhiing gi n6i bat clia siéu mdy tinh nay: hé thong moi chi khai thac c6 4/5 cong suat clia
10.240 bo xw ly Intel Itanium 2 trong toan by co may dat ¢ trung tdm nghién clru cua
NASA ¢ California (M¥). Siéu may tinh nay khong giong véi hau hét cac siu may tinh
hién nay thuong duogc tao nén theo kiéu cluster, vo1 sy tham gia cua nhiéu co may gia re.
Columbia dugc thlet lap tu 20 may tinh ma mdi chiée ¢6 512 bo xur 1y, két ndi bang cong
nghé mang cao tc va déu chay mot hé dleu hanh doc lap. Cach xay dung nay rat hitu ich
cho nhing cong viéc nhu gia 1ap cac yéu td khi dong luc cho tau khong gian. Mot tng
dung khic cta siéu may tinh Columbia 14 viéc dy bao bdo. Phan mém cho tic vu nay
dang duogc thiét ké va htra hen kha ning dy bao chinh xac dudng di cua bdo som 5 ngay.
Toan bd may Columbia chiém dung mét dién tich bang khoang 3 san bong 6.

I11.12 KIEN TRUC 1A-64

Kién trac IA-64 13 mot kién tric méi duge gidi thidu trong nhitng nim gan day.
Kién tric nay 13 san pham cua sy két hop nghién ctru gilta hai cong ty may tinh hang dau
thé giéi 1a Intel, HP (Hewlett Packard) va mot s6 truong dai hoc. Kién tric méi dua trén
sy phat trién cua cong ngh¢ mach tich hop va ky thuat xu 1y song song. Kién trac IA-64
gidi thiéu mot sy khoi dau méi quan trong cua ky thuat siéu vo hudng - ki thuat xir Iy
1énh song song (EPIC: Expicitly Parallel Intruction Computing) - k¥ thuat anh huong
nhiéu dén sy phat trién cta bd xir Iy hién nay. San pham dau tién thudc kién trac nay 1a
b0 xu ly Itanium.

a) Pic trung ciaa kién tric IA-64:

—  Co ché xir Iy song song 1 song song cac 1énh md may (EPIC) thay vi céc
bd xtr Iy song song nhu hé thong da bo xtr 1y.

—  C4c 1énh dai hay rat dai (LIW hay VLIW).

—  Céc Iénh 1€ nhanh xéac dinh (thay vi dodn cac 1€nh r&é nhanh nhu céac kién
truc trudc).

—  Nap trudc cac 1€nh (theo su suy doan).

Céc dic trung cua td chirc ciia b xir 1y theo kién tric 1A-64:

= (6 nhiéu thanh ghi: s6 luong thanh ghi cac bd xir 1y kién tric IA-64 1 256
thanh ghi. Trong d6, 128 thanh ghi tong quat (GR) 64 bit cho céc tinh toan s nguyén,
luan 1y; 128 thanh ghi 82 bit (FR) cho cac phép tinh ddu chidm dong va dit liéu d6 hoa;
ngoai ra, con c6 64 thanh ghi thudc tinh (PR)1 bit dé chi ra cac thudc tinh 1énh dang thi
hanh.

= Nhiéu bo thi hanh 1énh: hién nay, mot mdy tinh c6 thé c6 tam hay nhiéu
hon cac bg thi hanh 1€nh song song. Cac b0 thi hanh 1énh nay dugc chia thanh bon kiéu:

+ Kiéu I (I-Unit): dung xt 1y cac 1énh tinh toan sé nguyén, dich, luan
1y, so sanh, da phuong tién.
+ Kiéu M (M-Unit): Nap va luu trit giita thanh ghi va bo nhé thém vao
mot vai tac vu ALU.
Kiéu B (B-Unit): Thuc hién cac 1énh r& nhanh.

+ Kiéu F (F-Unit): Céc 1énh tinh toan s6 ddu cham dong

+
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b) Pinh dang Iénh trong kién tric IA-64

128-bit bundle

A
L ]

instruction slot 2 instruction shot 1 instruction slot 0 Tem-
plate
d1 d1 d1 5
(a) LA-64d bundle
- d1l-bit instruction -
Miajor
opcode PR
d 31 0
{b) General LA-6d instruction format
Miajor . )
opeode other modifying hits GR3 GR2 GR1 PR
4 10 7 7 7 [
{c) Typical LA-6d instruction format
PR: Predicate register Hinh IIL12: Dinh dang lénh trong kién triic IA-64

GR: General hay Floating-point

Kién trac IA-64 dinh nghia mot géi (buldle) 128 bit chira ba 1énh (mdi 1énh dai
41 bit) va mot truong miu (template field) 5 bit. Bo xir 1y ¢6 thé 1dy mot hay nhiéu gdi
Iénh thi hanh cung luc. Trudng mau (template field) ndy chira cac thong tin chi ra cac
lénh c6 thé thyc hién song song (Bang IIL.1). Cac lénh trong mot bo co thé 1a cac lénh
ddc 1ap nhau. Bo bién dich s& sap xép lai cac 1énh trong cac goi 1énh ké nhau theo mot
thtr tu dé cac 1énh co thé duoc thuc hién song song

Hinh III.12a chi ra dinh dang I¢nh trong kién trac TA-64. Hinh II1.12b mo ta
dang téng quat cia mdt 1€nh trong gobi 1énh. Trong mdt 1€nh, ma 1é€nh chi cé 4 bit chi ra
16 kha nang c6 thé dé thi thi hanh mot 1énh va 6 bit chi ra thanh ghi thudc tinh dugc dung
vo1 1énh. Tuy nhién, cac ma tac vu nay con tuy thudc vao vi tri cia I¢nh bén trong goi
1&nh, vi vay kha nang thi hanh cua Iénh nhiéu hon sé ma tac vu dugce chi ra. Hinh II1.12¢
mo ta chi tiét cc truong trong mot 1énh (41 bit)

Trong bang III.1 , cac kiéu L-Unit, X-Unit 1a c4c kiéu m& rong, co thé thuc hién
1€nh boi [-Unit hay B-Unit.

Template Slot 0 Slot 1 Slot 2
00 M-Unit [-Unit I-Unit
01 M-Unit I-Unit I-Unit
02 M-Unit [-Unit [-Unit
03 M-Unit I-Unit I-Unit
04 M-Unit L-Unit X-Unit
05 M-Unit L-Unit X-Unit
08 M-Unit M-Unit I-Unit
09 M-Unit M-Unit [-Unit
0A M-Unit M-Unit I-Unit
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0B M-Unit M-Unit I-Unit
0C M-Unit F-Unit I-Unit
0D M-Unit F-Unit I-Unit
OE M-Unit M-Unit F-Unit
OF M-Unit M-Unit F-Unit
10 M-Unit I-Unit B-Unit
11 M-Unit I-Unit B-Unit
12 M-Unit B-Unit B-Unit
13 M-Unit B-Unit B-Unit
16 B-Unit B-Unit B-Unit
17 B-Unit B-Unit B-Unit
18 M-Unit M-Unit B-Unit
19 M-Unit M-Unit B-Unit
1C M-Unit F-Unit B-Unit
1D M-Unit F-Unit B-Unit

Bing II1.1: Bing md hod tip hop cdc dnh xq trong trwong méu.

koksk koo
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N —

N (98]

W oA

CAU HOI ON TAP VA BAI TAP CHUONG III

hdks

Céc thanh phan va nhiém vy cua dudng di dir liéu?
Mo ta duong di dir liéu tmg v6i céc 1€nh sau:
i. ADD R1,R2,R3

ii. SUBRI, R2, (R3)

iii. ADD R1, RS, #100

iv. JMP R1 (Nhay dén 6 nhd ma R1 tro t6i)

v. BRA +5 (Nhay bo 5 1énh)
Thé nao 1a ngat quang? Cac giai doan thyc hién ngat quéng cua CPU.
V& hinh dé mo ta k§y thuat ong dan. K¥ thuat ong dan lam ting tbc 46 CPU
1én bao nhiéu lan (theo 1y thuyét)? Tai sao trén thuc té sy gia ting nay lai it
hon?
Céc diéu kién ma mot CPU can phai c6 dé tdi wu hod ky thuat éng dan. Giai
thich ting diéu kién.
Céc kho khan trong k¥ thuat 6ng dan va cach giai quyét khé khan nay.
Thé nao 1a may tinh vecto? Cac kiéu cua kién trac vecto?
Cho vi du vé méy tinh mot dong 1énh, nhidu dong s6 liéu (SIMD)
Cac may tinh song song nhiéu dong 1énh, nhiéu dong sb liéu (MIMD) dung
nhiéu bd xtr Iy, duoc phan thanh 2 loai tuy theo td chitc bd nhé cua chung 1a:
may tinh da xur Iy c6 bo nh¢ tdp trung chia sé va may tinh da xur Iy c6 bo nhd
phan tan. Phan tich uu - khuyét diém cua hai loai may tinh nay.

10. Cac loai hé théng MIMD. ,
11. Cac dac trung cua kién truc IA-64? Dinh dang 1é€nh trong kién trac 1A-64?
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Chwong IV: CAC CAP BQ NHO

Muc dich:  Chuwong nay gi6i thiéu chirc ning va nguyén 1y hoat déng ciia cdc cdp
bo nhé may tinh: bo nho cache: nguyén ly van hanh, phan logi cac muc, danh gia hiéu
qua hoat dong; va nguyén ly van hanh cua bo nhé ao.

Yeéu cau: Sinh vién phai hiéu dwoc cac cap bo nho va cach thuc van hanh cua cac
loai bo nho dwoc gioi thiéu dé co thé danh gia dwoc hiéu nang hoat dong cua cac loai bo
nho.

IV.1. CAC LOAI BQ NHO

B6 nhé chira chuong trinh, nghia 1a chira 1énh va s6 liéu. Nguoi ta phan biét cac
loai bo nhd: Bo nhé trong (RAM-B6 nhé vao ra ngau nhién), duoc ché tao bang chét ban
dan; bod nh¢ chi doc (ROM) ciing 1a loai by nh¢ chi doc va b nhé ngoai bao gom: dia
climg, dia mém, bang tlr, trong tir, cac loai dia quang, cac loai thé nhd,..

B6 nhé RAM c6 dic tinh 13 cac 6 nhé co thé duoc doc hoac viét vao trong
khoang thoi gian bang nhau cho du ching & bat ky vi tri nao trong bd nhd. Mdi 6 nhé co
mot dia chi, thong thuong, mdi 6 nhd 13 mot byte (8 bit), nhung hé thong c6 thé doc ra
hay viét vao nhiéu byte (2,4, hay 8 byte). ‘B0 nh¢ trong (RAM) dugce dac trung bang dung
luong va to chirc ciia né (sb 6 nhd va sb bit cho mdi 6 nhd), thoi gian tham nhap (thoi
gian tur lac dua ra dia chi 6 nho dén lac doc duoc ndi dung 6 nh¢ do6) va chu ky bo nhé
(thoi gian gitra hai 1an lién tiép thAm nhap bo nho).

MAR » RAM |4 > MBR
Wi T Wi
R/W

Hinh IV.1: Vin hanh cia by nh6 RAM
(Wi, Wi, R/W la cdc tin hiéu diéu khién)

Tuy theo cong nghé ché tao, ngudi ta phan biét RAM tinh (SRAM: Static RAM)
va RAM dong (Dynamic RAM).

RAM tinh dugc ché tao theo cong nghé ECL (CMOS va BiCMOS). Mbi bit nhé
g@)m cO cac céng logic v6i d6 6 transistor MOS, viéc nhd mot dit liéu 1a ton tai néu bod
nhé duoc cung cép dién. SRAM la bg nhé nhanh, viéc doc khong lam huy ndi dung cta 6
nhd va thoi gian tham nhép bang chu ky b nhé.

RAM dong dung k¥ thuat MOS. Mbi bit nhé gém c6 mot transistor va mot tu
dién. Cling nhu SRAM, viéc nhd mot dir licu 1a ton tai néu bd nhé duogc cung cép dién.
Viéc ghi nhd dua vao viée duy tri dién tich nap vao tu dién va nhu vay viéc doc mdt bit
nhé 1am noi dung bit nay bi huy. Vay sau mdi lan doc mot 6 nhé, bd phan diéu khién bo
nhd phai viét lai 6 nhé d6 nodi dung vira doc va do d6 chu ky bo nhd dong it nhit 1a gip
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doi thoi gian thdm nhap 6 nhd. Viée luu gilt thong tin trong bit nhé chi 1a tam thoi vi tu
dién s& phong hét dién tich di nap vao va nhu vay phai lam tuoi bd nhé sau mdi 2ps.
Lam tuoi bo nhé 1a doc 6 nhd va viét lai ndi dung d6 vao lai 6 nhé. Viée 1am tuoi duge
thuc hién voi tat ca cac 6 nhd trong bo nhd. Viée 1am twoi bo nhd duge thyc hién tu dong
bo1 mot vi mach by nhé. Bo nhd DRAM chdm nhung ré tién hon SRAM.

Vee
L
Duong dia chi
| R T P | 1
_|_|_h_"‘--.g 1 LI Transistor
T < T
Tu diegn ——
Q=
t
7 {
‘ m;m Bit line Ground
Bit line ﬂﬂ'f}‘ﬂg d!-ﬂ' chi Bifg”ﬂ B
B

Hinh IV.2: SRAM va DRAM

SDRAM (Synchronous DRAM — DRAM déng bd), mdt dang DRAM déng bo
bus bo nhd. Téc 30 SDRAM dat tir 66-133MHz (thot gian tham nhap bd nhd tr 75ns-
150ns).

DDR SDRAM (Double Data Rate SDRAM) 1a ci tién ctia bd nhé SDRAM voi
tbc d6 truyén tai gip d6i SDRAM nho vao viée truyén tai hai lan trong mot chu ky bo
nhé. Téc d6 DDR SDRAM dat tir 200-400MHz

RDRAM (Rambus RAM) 1a mot loai DRAM duoc thiét ké v6i k§ thuat hoan
toan moi so voi ky thuat SDRAM. RDRAM hoat dong d@)ng bo theo mot hé théng lap va
truyén dir liéu theo mot hudng. Mot kénh bd nhé RDRAM c6 thé hd tro dén 32 chip
DRAM. Mbi chip dugc ghep nbi tuén tur trén mot module goi la RIMM (Rambus Inline
Memory Module) nhung viéc truyén dir liéu gifta cic mach diéu khién va ting chip riéng
biét chir khong truyén giita cac chip v0i nhau. Bus bo nhd RDRAM la duong dan lién tuc
di qua céc chip va module trén bus, mdi module cé cic chin vao va ra trén cac dau dbi
dién. Do d0, néu cac khe cim khong chira RIMM s& phai gan mot module lién tuc dé dam
bao duodng truyén duoc ndi lién. Tdc do RDRAM dat tir 400-800MHz

B6 nhé chi doc ROM ciing duoc ché tao bé“mg cong ngh¢ ban dan. Chuong trinh
trong ROM dugc viét vao luc ché tao nd. Thong thuong, ROM chira chuong trinh khai
dong may tinh, chuwong trinh diéu khién trong céc thiét bi diéu khién ty dong,...
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Kién tric may tinh

PROM (Programable ROM): Ché tao bang cac mdi ndi (cau chi - c¢6 thé lam dut
bang dién). Chuong trinh nam trong PROM c6 thé dugc viét vao boi ngudi sir dung bang
thiét bj dic biét va khong thé xoa dugc.

EPROM (Erasable Programable ROM): Ché tao bang nguyén tit phan cyc tinh
dién. Chuong trinh nam trong ROM c¢6 thé dugc viét vao (bang dién) va co thé xoéa (bang
tia cyc tim - trung hoa tinh dién) dé viét lai boi ngudi st dung.

EEPROM (Eletrically Erasable Programable ROM): Ché tao bang cong nghé
ban dan. Chuong trinh ndm trong ROM c¢6 thé dugc viét vao va co thé xoa (bang dién) dé
viét lai boi nguoi sir dung.

Kiéu b nhé Loai Co ché xo4 Co c.h ¢ Tinh !)ay
ghi hoi
RAM doc/ghi bang di¢n, muc byte | bang di¢n Céo
ROM 7 Mait na
Programmable ROM chi doc Khong thé xoa
(PROM)
Erasable PROM Tia cuc tim, muc chip 3 o n Khong
: AL A bang dién
Electrically Erasable | hau hét chi bine didn. mic byte
PROM (EEPROM) doc g dietl, Y
Flash Memory bang dién, muc khoi

Bing IV.1: Cdc kiéu by nhé bdn din

IV.2. CAC CAP BQ NHO

Céc dic tinh nhu lugng thong tin luu trit, thoi gian tham nhap bg nhd, chu ky bo
nhd, gia tién mdi bit nhé khién ta phai phan biét cac cip bd nhd: cac bd nhé nhanh véi
dung lugng it dén cac bd nhé cham véi dung lugng 16n (hinh IV.3)

Dung fwong
s el e Mikc cao
Gia tien / Jom vi
. i i I & Nianh fon
oo E’:‘rt?;i L5 Registers Dow vi tham chiby
1s ns
I Instr. Operands B EannpLar
Cache ¥
ffgtﬂﬁ Cache
1-0.1 cents/bit cache cntl
Blocks 8-128 bytes
Main Memary
M Bytes Memory
100ns- 300ns 05
$.0001-.00001 cents /bit
Disk Pages 512-4K bytes
G Bytes, 5 ms _
{3.000,000 ns) Disk
B -6
105- 10 cents/bit I Files asber:{:pﬂratﬂr r
i ylez Lo how
Tape
infinite Ar'e =
secgnin Tape Murc thap
10

Hinh 1V.3: Cic cip bé nhé
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Céc dac tinh chinh cua cac cép bd nhé dan dén hai muc chinh la: -murc cache - bo
nho trong va mirc bo nho ao (bao gébm bd nhé trong va khong gian cap phat trén dia
cing) (hinh IV.4). Cach t6 chtrc nay trong sudt dbi véi ngudi sir dung. Nguoi su dung chi
thay duy nhat mot khong gian dinh vi 6 nhd, doc 1ap voi vi tri thuc té cua cac 1énh va dit
liéu can tham nhap.

Murc
cache - B§
nh¢ trong

B0 nhé trong

Mitrc bo
nhédo | v /S

Dia cung

Bing tir, CD, DVD

Hinh 1V.4: Hai mirc by nho

Céc cap bd nhé gitp ich cho ngudi 1ap trinh mudn c¢6 mot bo nhd that nhanh voi
chi phi dau tu gio1 han. Vi cac bo nhé nhanh dit tién nén cac bo nho dugce t6 chirc thanh
nhiéu cap, cp c6 dung lugng it thi nhanh nhung dt tién hon cap ¢ dung lugng cao hon.
Muc tiéu cua viée thiét 1ap cac cap bo nhd 1a nguoi dung c6 mot hé thong bd nhé ré tién
nhu cap bd nhé thap nhat va gan nhanh nhu cp bo nhd cao nhit. Cac cip bo nhd thudng
duoc léng vao nhau. Moi dir li¢u trong mét cap thi duoc gap lai trong cap thap hon va cé
thé tiép tuc gdp lai trong cap thap nhat.

Chung ta c6 nhan xét rang, mdi cdp bo nhd co dung luong 1én hon cap trén
minh, anh xa mot phan dia chi cac 6 nhé cuia minh vao dia chi 6 nhé cua cap trén truc
tiép co téc do nhanh hon, va cac cdp bd nhd phai cé co ché quan 1y va kiém tra cac dia
chi anh xa.

IV.3. XAC SUAT TRUY CAP DU LIEU TRONG BQ NHO TRONG

Cache la bo nh¢ nhanh, né chira 1énh va dir liéu thuong xuyén dung dén. Viéc
Iira chon 1énh va dit liéu can dat vao cache dya vao cac nguyén tic sau day:

Mot chwong trinh mdt 90% thoi gian thi hanh 1énh cia né dé thi hanh 10% sé
lénh cua chuong trinh.

Nguyén tic trén ciing duoc ap dung cho viée tham nhép dir liéu, nhung it hi¢u
nghiém hon viéc thdm nhép Iénh. Nhu vay c6 hai nguyén tac: nguyén tic vé khong gian
va nguyén tic vé thoi gian

> Nguyén tic vé thoi gian: cho biét cac 6 nhd duge hé thong xur 1y tham
nhap c6 kha ning s& dugc thim nhdp trong twong lai gan. That vdy, cac chuong trinh
duoc cdu tao véi phan chinh 14 phan dugc thi hanh nhiéu nhat va cac phan phu dung dé
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Xt 1y céac truong hop ngoai 16. Con s6 liéu ludn c6 cau trac va thong thuong chi c6 mot
phan s6 liéu dugce tham nhap nhiéu nhat ma thoi.

> Nguyén tic vé khong gian: cho biét, b xir Iy tham nhap vao mot 6 nhé
thi c6 nhiéu kha ning tham nhép vao 6 nhd co dia chi ké tiép do cac 1énh duoc sap xép
thanh chudi co thir tu.

Td chirc cac cép bd nhd sao cho cac 1énh va dir liéu thuong dung duoc nam
trong bd nhd cache, diéu nay lam ting hiéu qua ciia may tinh mot cach dang ké.

IV.4. VAN HANH CUA CACHE

Mirc cache -bd nhd trong trong bang cac cap bd nhd ¢d co cdu van hanh trong
sudt ddi voi bo xtr 1y. Véi thao tac doc bo nhd, bo xir Iy goi mot dia chi va nhan mot dix
li¢u tir bo nh¢ trong. Vi thao tac ghi bo nhd, bd xtr 1y viét mot dit liéu vao mot 6 nhé véi
mot dia chi duogc chi ra trong bd nhd. Pé cho chuong trinh van hanh binh thuong thi
cache phai chira mot phan con cua bo nhd trong dé bo xir Iy co thé tham nhap vao cac
1énh hodc dir liéu thuong dung tir b nhé cache. Do dung lugng cua bo nh¢ cache nho
nén né chi chira mot phan chwong trinh ndm trong bd nhé trong. Dé dam bao su dong
nhét gilra ndi dung cua cache va bo nhé trong thi cache va bo nh¢ trong phai c6 cung cau
trac. Vige chuyen dir liéu gitra cache va by nh¢ trong 1a viéc tai 1én hay ghi xuéng cac
khéi dit liéu. Mbi khdi chira nhiéu tir bd nhé tuy thudc vao cAu trac bd nhé cache. Sy lya
chon kich thuéc cua khdi rat quan trong cho van hanh cta cache co6 hi¢u qua.

Chuyén tieng tir - Chuyén tirng khéi

A f—%
B xur ly < - Cache | € - B{ nhé trong

Hinh 1V.5: Trao doi dir ligu giiva cdc thanh phin CPU-Cache-B§ nhé trong

Truée khi khao sat van hanh cta cache, ta xét dén cac khai niém lién quan:

- Thanh cdng cache (cache hit): bo xu 1y tim gip phan tir can doc (ghi) trong
cache.

- That bai cache (cache miss): bo xir Iy khong gip phan tir can doc (ghi) trong
cache.

- Trirng phat thét bai cache (cache penalty): Thoi gian can thiét dé xtr Iy mot
that bai cache. Thoi gian bao gom thdi gian thim nhap bd nhé trong cong véi thoi gian
chuyén khéi chia tir can doc tir b nhd trong dén cache. Thoi gian nay tuy thudc vao kich
thudc cia khoi.

Dé hiéu duoc cach van hanh cua cache, ta lan luot xem xét va tra 1o1 bdn cau hoi
lién quan dén céc tinh huéng khac nhau xay ra trong bd nhé trong.

Cdu héi 1: Phdi dé mot khoi bé nhé vio ché nao ciia cache (sip xép khoi)?

 Cau hoi 2: Lam sao dé tim mjt khoi khi né hién dién trong cache (nhin dign
khoi)?
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Cdu héi 3: Khéi nao phdi dwoc thay thé trong truwong hop thit bai cache (thay
thé khéi)?

Cdu héi 4: Viéc gi xdy ra khi ghi vao by nhé (chién thudt ghi)?

Tra 1oi cdu héi 1: Phdi dé mét khéi b nhé vao ché nao ciia cache (sdp xép
khéi)?

Mot khdi bd nhé duoc dat vao trong cache theo mot trong ba cach sau:

= Kiéu tuong ung truc tié'p: Néu mdi khdi bd nhd chi c6 mot vi tri dat
khéi duy nhét trong cache duoc xac dinh theo cong thirc: K=i mod n

Trong do:

K: i tri khdi dat trong cache

i:  sb tha ty cia khdi trong bo nhé trong

n:  s6 khbi cua cache

Nhu vay, trong kiéu xép dit khdi nay, mdi vi tri dat khéi trong cache co thé chira
mat trong cac khéi trong bd nhé cach nhau xn khéi (x: 0,1,...,m; n: s6 khdi ctia cache)

Vi du:
S6 thir tu khoi cache S6 thir tu cua khoi trong bd nhd trong
0, n, 2n,...mn
1 I,n+1, 2n+1,...,mn+1
n-1 n-1, 2n-1,...mn-1

= Kiéu hoan toan phoi hop: trong kiéu dat khoi nay, mot khdi trong bd nhd
trong c6 thé duoc dit vao vi tri bt ky trong cache.

Nhu véy, trong kiéu xép dat khoi nay, mdi vi tri dat khoi trong cache co thé chira
mot trong tat ca cac khdi trong bd nhd

= Kiéu phéi hop theo tdp hop: voi cach to chirc ndy, cache bao gdm céc tap
hop ctia cac khdi cache. Mi tap hop cua cac khdi cache chira sb khéi nhu nhau. Mot
khdi ciia bo nhd trong c6 thé dugc dat vao mot sb vi tri khoi gidi han trong tap hop duogc
xac dinh bdi cong thirc: K=1i mod s

Trong do:

K: vi tri khdi dit trong cache

i:  sb tha tu cia khdi trong bo nhé trong

s:  s0 luong tip hop trong cache.

Trong cach dat khdi theo kiéu phdi hop theo tap hop, néu tap hop c6 m khdi, sy
tuong tng gitra cac khdi trong bd nhd trong va cac khoi ciia cache dugc goi 13 phdi hop
theo tap hop m khoi.

Néu m=1 (mdi taphopco 1 khéi), ta co kiéu twong tmg truc t1ep

Néu m=n (n: s6 khoi ctia cache), ta c6 kiéu twong hoan toan phdi hop.

Hién nay, phan 16n cac cache cua cac bo xu ly déu 1a kiéu twong tmg truc tiép
hay kiéu phéi hop theo tap hop (mdi tap hop gdm 2 hoic 4 kho1)

Vi du: BO nhé trong ¢ 32 khdi, cache c6 8 khdi, mdi khdi gdm 32 byte, khdi thir
12 ctia bd nhé trong dugce dua vao cache.
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. .0 1 23 45 6 7 8 9 1 1 1 1 1 1 1 111 2 2 2 2 2 2 2 2 2 3 3

So thir tw khoi 01 2 3 45 6 7 8 9 0 1 2 3 45 6 7 8 9 0 1
B¢ nh¢ trong

Sothutykhdi 0 1 2 3 4 5 6 7 01 23 456 7 01 23 456 7
B¢ nhd cache

H_H_/ﬂ_H_J

o , . THO , THI TH2 TH3

Hoan toan phoi hop Tuong tng truc ti€p Phoi hop theo tép hop

Tra 1oi cdu héi 2: Lam sao dé tim mét khoi khi né hién di¢n trong cache
(nhén dién khoi)?

M3i khoi ciia cache déu c6 mot nhan dia chi cho biét s6 tht tu cla cac khoi bo
nho trong dang hién dién trong cache. Nhan cua mot khéi cta cache co thé chir thong tin
can thlet dugc xem xét dé biét duoc cac khdi nam trong cache c6 chira thong tin ma b
Xt 1y can doc hay khong. Tat ca cac nhin deu dugc xem xet song song (trong kiéu tuong
ing truc tiép va phdi hop theo tap hop) vi téc do la yéu t6 then chét. Dé biét xem mot
khdi cua ciia cache ¢ chira thong tin ma bo xir 1y cAn tim hay khong, ngudi ta thém mot
bit danh dau (valid bit) vao nhan dé noi 1én khbi d6 c6 chira thong tin ma bo xir 1y can tim
hay khong.

Nhu d3 mé ta & phan dau, véi thao tac doc (ghi) bo nhd, bo xir Iy dua ra mot dia
chi va nhan (viét vao) mot dit liéu tir (vao) bo nhd trong. Pia chi ma bo xur 1y dua ra co
thé phan tich thanh hai thanh phan: phan nhan dang s tha ty khoi va phan xéac dinh vi tri
tir can doc trong khoi.

Twong tng voi ba kiéu lip dat khoi da xét, ta co:

a.  Cin ctr vao to chuc so tir trong khdi bd nhd ma sd bit trong dia chi xac dinh
vi tri tir can doc trong khdi. Cach nay ding véi ca ba cach xép dat khéi da xét.

b. Phan nhéin dang s6 thtr tu khoi s& khac nhau tuy thudc vao cach xép dat
khéi, truong chi s6 khbi duoc so sanh vo1 nhan caa cache dé xac dinh khdi trong cache.

Dt li¢u duogce bd xtr 1y doc cung lic voi viée doc nhan. Phan chi s6 khdi cua khoi
trong bd nhé trong duoc so sanh voi bang twong quan dé xac dinh khdi c6 nam trong
cache hay khong. Dé chic rang nhin chira thong tin dung dén (tirc 1a khdi ¢ chira tir ma
bo xu ly can doc-ghi), néu viéc so sanh nhin cua khéi cache giéng voi s6 thtr tu khoi, bit
danh dau (Valid bit) phai duoc bat 1én. Nguoc lai, két qua so sanh duoc bo qua. Bo xur 1y
can clr vao phan xéc dinh tir trong khéi dé doc (ghi) dir liéu tur (vao) cache.

- Dbi voi kiéu twong Gng tryc tiép, phan nhan dang chi sé khdi dugc chia
thanh hai phan:
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+  Phan chi sé khéi cache: chi ra sb thir ty khdi cache twong ing can xem
x€t.

+  Phén nhén: so sanh twong Ung vo&i nhin cua khoi cache duoc chi ra boi
phan chi sé khéi.

Chi s6 khdi trong bo nhé

Dia chi
Nhan Chi s6 khdi cache tir can doc trong khoi

- Doi voi kiéu hoan toan phdi hgp, phan nhan dang chi s6 khoéi trong dia chi
s€ duoc so sanh vo1 nhan cua tat ca cac khoi cache.

Dia chi

Chi s6 khoi . "
tur can doc trong khoi

- Déi véi kiéu phéi hop theo tap hop, phﬁn nhan dang chi s6 khdi duge chia
thanh hai phan:

+ Phan chi s6 tap hop: chi ra sb thi tu tip hop trong cache can xem xét.

+ Phan nhén: so sanh twong ng v&i nhin cia cac khdi cache thude tap hop
dugc chi ra bai phéan chi s6 tap hop.

Chi s6 khéi bo nhé

Dia chi
Nhan Chi s6 tap hop tir can doc trong khoi

Vi du: phan tich dia chi mdt tir trong dugc cho ¢ trén, dia chi xac dinh mdt tur
trong bd nhd co 10 bit, tuy theo cach xép dat khdi ma ta c6 thé phan tich dia chi nay
thanh cac thanh phan nhu sau:

- Dbi voi kiéu twong mg tryc tiép:

10 bit
/\
~ N
Chi 6 khi bd nhé (5 bit) ~ biachi
Nhan Chi s6 khoi cache tir can doc trong khoi
(2 bit) (3 bit) (5 bit)
- Déi véi kiéu hoan toan phéi hop:
10 bit
-~ N
s A A LA 1k ~ bia chi
Chi 50 kho(lsbgi:)lho (Nhan) tir can doc trong khoi
(5 bit)

- Déi voi kiéu phéi hop theo tap hop, gia sir cache gom 4 tap hop, mdi tap
hop gdm hai khoi:
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10 bit
/\
~ N
Chi s0 khdi bd nh (5 bit) _ biachi
Nhén Chi s6 tap hop tur can doc trong khoi
(3 bit) (2 bit) (5 bit)

Tra 10i cdu hoi 3: Khoi nao phéi dwgc thay thé trong truong hgp thit bai
cache (thay thé khoi)?

Khi c6 thit bai cache, bo diéu khién cache thAm nhip bd nhd trong va chuyén
khéi ma bo xtr 1y can doc (ghi) vao cache. Nhu vy, khdi ndo trong cache sé& bi thay thé
b6i khéi méi duge chuyén 1én. Ddi véi kiéu twong tmg truc tiép, vi tri dat khdi khong co
su lya chon, né dugc xac dinh boi truong chi s6 khéi cache trong dia chi cua tir can doc
(ghi). Néu cache 1a kiéu hoan toan ph01 hop hay ph01 hop theo tap hop thi khi that bai
phai chon Iya thay thé trong nhiéu khéi. Co bdn chién thuat chii yéu ding dé chon khéi
thay thé trong cache:

- Thay thé ngdau nhién: dé phan bd dong déu viéc thay thé, cac khdi can thay thé
trong cache dugc chon ngau nhién.

- Khoi xua nhdt (LRU: Least Recently Used): cac khéi da duoc tham nhap sé
duoc danh dau va khdi bi thay thé 1a khoi khong duoc dung tir 14u nhat.

- Vao trude ra trude (FIFO: First In First Out): Khdi dugce dua vao cache dau
tién, néu bi thay thé, khdi d6 s& duoc thay thé trude nhét.

- Tan s6 sir dung it nhdt (LFU: Least Frequently Used): Khdi trong cache dugc
tham chiéu it nhat

Diéu nay st dung hé qua cua nguyén tic str dung 6 nhé theo thoi gian: néu cac
khéi méi duge dung co kha ning s& dugc dung trong twong lai gan, khoi bi thay thé 1a
khéi khong dung trong thoi gian 1au nhat.

Tra 1oi cdu hoi 4. Vige gi xdy ra khi ghi vao b nhé (chién thudt ghi)?

Thong thuong bo xir 1y tham nhap cache dé doc thong tin. Chi co khoang 15%
cac tham nhép vao cache 1a dé thuc hién thao tac ghi (con ) nay 1a 33% voi cac tinh toan
vecto-vecto va 55% d6i véi cac phép dich chuyén ma tran). Nhu vy, dé toi uu hoa céac
hoat dong cua cache, cac nha thiét ké tim cach tdi wu hoa viée doc béi vi cac bo xur ly
phai doi dén khi viéc doc hoan thanh nhung s& khong doi dén khi viéc ghi hoan tat. Hon
nita, mot khoi co thé duoc doc, so sanh va nhu thé viéc doc mot khéi co thé duge bt dau
khi chi sd khdi duge biét. Néu thao tac doc thanh cong, dir 1i€u 6 nhd can doc s& duoc
giao ngay cho bd xtr ly. Chu y réng, khi mot khdi dugc anh xa tir bo nhé trong vao cache,
viéc doc ndi dung cua khdi cache khong lam thay d6i noi dung ctia khéi so véi khdi con
nam trong bo nhé trong.

Dbi v6i viée ghi vao bo nhd thi khong gidng nhu trén, viée thay doi ndi dung cua
mot khdi khong thé bat dau trude khi nhin dugce xem xét dé biét c6 thanh cong hay that
bai. Thao tac ghi vao by nh¢d s€ ton nhiéu thoi gian hon thao tdc doc by nhé. Trong viée
ghi bo nhd con c¢6 mot khé khin khéc 13 bo xir Iy cho biét s6 byte can phai ghi, thuong 1a
tir 1 dén 8 byte. Dé dam bao dong nhét dir liéu khi luwu trit, ¢ hai cach chinh dé ghi vao
cache:
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- Ghi déng thoi: Thong tin dugc ghi dong thoi vao khdi cta cache va khdi cua
bd nhd trong. Cach ghi nay 1am cham téc d6 chung cta hé thong. Cac ngoai vi ¢ thé truy
cap bo nhé truc tiép

- Ghi lgi: Dé dam bao toc d6 xur 1y ctia hé thong, thong tin can ghi chi duoc ghi
vao khdi trong cache. DPé quan 1y sy khac biét noi dung giira khdi cua cache va khéi cia
bd nhé trong, mot bit trang thai (Dirty bit hay Update bit) dugc dung dé chi thi. Khi mot
thao tac ghi vao trong cache, bit trang thai (Dirty bit hay Update bit) cta khdi cache s&
dugc thiét 1ap. Khi mot khéi bi thay thé, khoi nay s& duge ghi lai vao bd nhé trong chi khi
bit trang thai di duoc thiét 1ap. Vi cach ghi nay, cic ngoai vi lién hé dén bo nhé trong
thong qua cache.

Khi c6 mot that bai ghi vao cache thi phai Iyra chon mot trong hai giai phap sau:

- Ghi ¢6 nap: khéi can ghi tir bd nhé trong duge nap vao trong cache nhur mo ta
o trén. Cach nay thuong dugc dung trong cach ghi lai.

- Ghi khéng nap: khéi duoc thay d6i & bd nhd trong khong duge dwa vao cache.
Cach nay dugc dung trong cach ghi dong thoi.

Trong cac t6 chtrc c6 nhiéu hon mot bo xir 1y véi cac t6 chirc cache va bo nhd chia
sé, cac van dé lién quan dén tinh dong nhat cua dir liéu can dugc dam bao. Sy thay d6i dir
liéu trén mot cache riéng 1€ s€ lam cho dir li€u trén cac hé théng cache va bo nhod lién
quan khong dong nhat. Van dé trén c6 thé duoc giai quyét bang mot trong cac hé thong
cache t6 chirc nhu sau:

= MJdi bo diéu khién cache s& theo ddi cac thao tac ghi vao bd nh¢ tur cac bo
phan khéc. Néu thao tac ghi vao phﬁn bd nhd chia s¢ dugc anh xa vao cache cua né quan
1y, bd diéu khién cache s& vo hiéu hoa sy tham nhap nay. Chién lugc nay phu thudc vao
cach ghi dong thoi trén tat ca cac bo diéu khién cache.

* Mot vi mach duge dung dé diéu khién viéc cap nhat, mdt thao tac ghi vao bo
nhd tir mot cache nao d6 sé dugc cap nhat trén cac cache khac.

= Mot vung nhd chia sé cho mdt hay nhiéu bo xir 1y thi khong dugc anh xa 1én
cache. Nhu vay, tat ca cac tham nhép vao vung nhod chia sé nay déu bi thét bai cache.

IV.5. HIEU QUA CUA CACHE

Thong thudng ngudi ta ding thoi gian thAm nhép trung binh bd nhd trong dé
danh gid hi€u qua cua cache.

Thoi gian tham nhap trung binh dugc cho bdi cong thirc:
Théligian tham nhalp) (Thaiigian tham ) Telad . Traeingphadt
trung benh bainh&i ) (nhalphainh cang) | thadtbadj | thadtbadi
Thoi gian tham nhép thanh cong la thoi gian tham nhap vao mot thong tin trong mot
thanh cong cache. Ti so that bai 1a ti s6 giita s6 that bai cache va tong s0 tham nhap cache.

Thot gian tham nhép thanh cong va trung phat that bai duoc do bang don vi thoi gian hoic
bang chu ky xung nhip (clock cycle).

Trong viéc tim kiém thong tin trong cache phai cht y 1am giam ti 18 that bai ma
cac nguyén nhan chinh la nhu sau:
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- Khoi déng: trong 1an tham nhap cache dau tién, khong c6 thong tin can tim
trong cache nén phai chuyén khoi chira thong tin d6 vao cache.

- Kha nang: vi cache khong thé chira tat ca cac khdi can thiét cho viéc thi hanh
mot chuong trinh nén gdp that bai do cache thiéu kha nang, do d6 mdét khdi bi lay ra khoi
cache ro1 lai dugc dua vao sau nay.

- Tranh chap: Néu chién thuat thay thé cac khdi 1a phdi hop theo tap hop hay
tuong Ung tryc tiép, cac that bai do tranh chap xay ra vi mot khdi c6 thé bi dua ra khoi
cache roi duoc goi vao sau d6 néu c6 nhidu khéi phai duge thay thé trong cac tap hop.

Ba nguyén nhan trén cho ta ¥ niém vé nguyén nhan that bai, nhung m6 hinh don
gian trén co nhung han ché ctia n6. M6 hinh nay gip ta thly mot sb liéu trung binh
nhung chua giai thich dugc timg that bai mot. Vi dy, néu tang kich thudc cache thi giam
that bai do tranh chip va thit bai do kha ning vi cache cang 16n thi nhiéu khdi co thé
duoc dua vao. Tuy nhién, mot thit bai co thé di tir that bai do kha ning dén thét bai do
tranh chip khi kich thudc cia cache thay doi. Khi néu ba nguyén nhan trén ta da khong
lwu ¥ dén cach thiic thay thé cac khoéi. Cach thirc nay c6 thé dan dén nhitng van hanh bat
thudng nhu 13 ti 16 thit bai cao 1én khi d6 phéi hop 16n 1én.

IV.6. CACHE DUY NHAT HAY CACHE RIENG LE
Cache duy nhdt chira ddng thoi 1énh va dir licu.
Cache riéng lé phan biét cache 1€nh va cache dir li¢u.

Giai phap sau c6 loi 13 tranh cac kho khin do kién trtc, khi thi hanh cac 1énh
dung k¥ thuat 6ng dan.

Véi mot cache duy nhat, s& c¢6 tranh chap khi mot 1énh mudn tham nhap mot s6
li¢u trong cung mot chu ky cta giai doan doc mdgt 1énh khac. Cache riéng 1€ con gitp to1
uu hod moi loai cache vé maét kich thudc tong quat, kich thudc cac khoi va do phdi hop
cac khoi.

IV.7. CAC MUC CACHE

Viéc dung cache trong c6 thé 1am cho sy cach biét giira kich thuéc va thoi gian
tham nhép gitta cache trong va by nh¢ trong cang l6n. Nguoi ta dua vao nhiéu muc
cache:

o Cache mitc mét (L1 cache): thuong 1a cache trong (on-chip cache; nim bén
trong CPU)

_® Cache mitc hai (L2 cache) thuong la cache ngoai (off-chip cache; cache
nay nam bén ngoai CPU).

* Ngoai ra, trong mot sd hé thong (PowerPC G4, IBM S/390 G4, Itanium
cua Intel) con ¢6 t6 chirc cache murc ba (L3 cache), day 1a mirc cache trung gian gitra
cache L2 va mot thé bd nhé.
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Bé xir Iy Kiéu R L1 Cache * L2 Cache | L3 Cache
IBM 360/85 Mainframe 1968 16 to 32 KB - -
PDP-11/70 Mini Computer 1975 1 KB - -
VAX 11/780 Mini Computer 1978 16 KB - -
IBM 3033 Mainframe 1978 64 KB - -
IBM 3090 Mainframe 1985 128 to 256 KB - -
Intel 80486 PC 1989 8 KB - -
Pentium PC 1993 8 KB /8 KB 256 to 512 -

KB
PowerPC 601 PC 1993 32 KB - -
PowerPC 620 PC 1996 32KB/32KB - -
PowerPC G4 PC/Server 1999 32KB/32KB 256KB to 2 MB
IMB
IBM S390/G4 Mainframe 1997 32 KB 256 KB 2 MB
IBM S390/G6 Mainframe 1999 256 KB 8 MB -
Pentium 4 PC/Server 2000 8 KB /8 KB 256 KB -
IBM SP High-End server/ 2000 64 KB /32 KB 8 MB -
Super Computer
CRAY MTA" Super Computer 2000 8 KB 2 MB -
Itanium PC/Server 2001 16 KB/ 16 KB 96 KB 2 MB
SGI Origin 2001 High-End server 2001 32 KB /32 KB 4 MB -

® Hai gi4 tri cach nhau boi dau “/” chi gia tri cache 1énh va cache di liéu
® Ca hai gia tri déu la cache 1énh
Bdng IV.2: Kich thudc cache ciia mot so hé thong

IV.8. BO NHO TRONG

B0 nhé trong thod man céc yéu cu cua cache va dugc dung lam dém vao
ra vi b nhé trong vira 1a noi chita cac thong tin tir ngoai dwa vao, vira 1a noi xuat
ra cac thong tin cho cache. Viéc do hi€u qua cua bd nh¢ trong dua vao thoi gian
tham nhap va bé rong dii thong. Thong thudng thoi gian tham nhap bo nho trong la
phan tir quan trong cho cache trong lic déi thong bo nhd la phan chinh cho cac tac
vu xuat nhap. Vi viéc dung pho bién cac cache ngoai, dii thong ciia bd nhé trong
cling tré thanh quan trong cho cache.

Mic du cache can bd nhé trong co thdi gian thadm nhap nho, nhung thudng thi
dé cai thién dai thong bo nhé nhd nhicu cch to chirc bo nhé méi, hon 1a giam thoi
gian tham nhap cho cache. Cache thy hudng cac tién bo vé dii thong bang cach ting
kich thudc ciia mdi khdi ciia cache ma khong ting dang ké trimg phat thit bai cache.

Nguoi ta ding cac ki thuat sau ddy dé ndi rong dai thong ctia bo nhd trong:

— Néi réng chiéu dai 6 nhé trong. Day la ky thuat don gian dé ting giai thong
bd nhd. Thong thudng cache va bd nhé trong ¢ chidu rong 6 nho la chiéu rong 1 tir vi bd
xu ly thAm nhdp vao mdt tr 6 nhd. Nhan doéi, nhan bon chiéu rong 0 nhd cua cache va bd
nhd trong 1am luu lugng thim nhap bd nhd trong duoc nhan d6i hay nhan bon. Vay ciing
phai chi tiéu thém dé néi rong bus bd nhd (12 bus ndi bo xir Iy v6i bd nho).

Mot vi du bd xir 1y ¢6 chiu dai 6 nhé trong 16n 1a b xir Iy ALPHA AXP 21064 (Hang
DEC). Cache ngoai, bd nhé trong va bus bd nhé déu c6 do rong 1a 256 bit.
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—  B{ nhé dan chéo don gian: céc IC bd nhé c6 thé duoc t chire thanh dai dé doc hay
viét nhiéu tir cung mot lic thay vi chi doc mot tir, d6 rdng cua bus va cua cache khong thay doi.
Khi g6i nhiéu dia chi dén nhiéu dai thi ta doc dwoc nhidu tir ciing mét ic. Bd nhé dan chéo ciing
cho phép ghi vao bo nhé nhiéu tir cing mot luc. T chirc bd nhd dan chéo don gian khong
ric roi nhiéu so véi to chirc binh thuong cua bd nhd trong vi cac dai c6 thé dung chung
cac dudng dia chi voi bo diéu khién 6 nhd, va nhu thé mdi dii c6 thé dung phan sb lidu
cua bus by nhd. SDRAM va DDR SDRAM 1a cac loai RAM dung k¥ thuat nay

—  Bé nhé dan chéo t6 chirc thanh dai déc ldp: mot to chirc bd nhd dan chéo
hiéu qua hon, 1a cho phep nhleu tham thap bo nhd va nhu thé cho phép cac dai lam viéc
ddc 1ap véi nhau. Mdi dai can ¢ cac dudng dia chi riéng biét va doi khi can bus s liéu
riéng biét: Trong trudong hop ndy bd xir Iy c¢6 thé tiép tuc cong viéc ciia minh trong luc
chd doi s6 liéu (truong hop that bai cache). RDRAM 1a bd nhd loai nay

— Tranh xung dét gitta cdc dai bo nho. Trong cac may tinh da xu ly va may
tinh vecto, hé thong bo nhé duogc thiét ké nhim cho phép nhiéu yéu cau thim nhép doc
1ap nhau. Sy hiéu qua cta hé thong tuy thudc vao tan sé cac trudng hop cd yéu cau doc
1ap tham nhép vao cac dai khac nhau. V61 sy dan cheo binh thuong (hinh IV.6), cac tham
nhap tuin tur hodc tat ca cac tham nhap vao cac dia chi cach biét nhau mot so chan, thi
van hanh tot nhung s& gip ric roi néu su cach biét giira cac dia chi 1a mot sb 16. Mot bién
phap ma cac may tinh 16n dung 1 1am giam bét cac trudng hop xung dot tinh bang cach
tang s6 luong cac dai. Thi du, may NEC SX/3 chia bd nhé trong ra 128 dai.

Dia chi Dai 0 bia chi Dai 1 bia chi Dai 2 bia chi Dai 3
0 1 2 3
4 5 6 7
8 9 10 11
12 13 14 15

~ Hinh 1V.6: By nho dan chéo bic 4.
Ddi thur i chia tat ca cac tue co dia chi thoa man cong thire (dia chi) mod 4 =i

IV.9. BO NHO AO

Bd nhd 4o xac dinh mot co ché van chuyén ty dong so li¢u gilra bo nh¢ trong va
bo nhd ngoai (dia tir).

Trudc day, khi dg dai ctia chuong trinh vuot qua gidi han dung lugng bd nhé thi
ngudi lap trinh phai phan chia chuwong trinh ctia minh thanh timg phan ty loai bé nhau
(overlays) va phai ty quan 1y viéc trao d6i thong tin giira bo nhé va dia tir. B6 nhd 4o lam
nhe trach nhiém cua cac nha lap trinh b:;ing cach 1am cho viée trao doi thong tin nay dugc
thuc hién mdt cach ty dong.

Trong cac bo xu Iy hién dai, bd nh¢ a0 dugc dung dé cho phép thuc hién cung
lac nhiéu tién trinh (process), mdi tién trinh c6 mot khong gian dinh vi riéng. Néu tat ca
cac khong gian dinh vi nay déu thude khong gian dinh vi by nhé trong thi rat ton kém. BO
nhd a0 bao gom bo nhd trong va bd nhd ngoai duoc phén tich thanh khéi dé ¢ thé cung
cép cho mdi chuong trinh mot s6 khoi can thiét cho viéc thuc hién chuong trinh d6. Hinh
IV.7 cho thidy mot chuong trinh chira trong bo nhé a0 gdom 4 khdi, 3 trong 4 khdi ndm & bod
nhé trong, khoi thir tur nam trén dia.
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dia chi ao dia chi vat ly bd nho trong

0 A 0

4K B 4K C

8K C T 8K

12K D 12K

16K 16K A

20K 20K

24K L 24K B

28K 28K

32K

16M

bia cing

bd nhd a0 D

Hinh 1IV.7. Mgt chwong trinh gém 4 trang A,B,C,D
trong do trang D nam trong 6 dia

Ngoai viéc phan chia khong gian bo nhd, can bao vé va quan 1y tu dong cac cip
bd nhd, bd nhd do don gidn hoa viéc nap chuong trinh vao by nho dé thi hanh nhd mot co
ché duogc goi la su tai dinh dia chi (address relocation). Co ché nay cho phép mot chuong
trinh c6 thé dugc thi hanh khi n6 nim & bat ¢t vi tri ndo trong bd nhd.

Tham s6 Cache B0 nhé ao
Chiéu dai mdi khdi (trang) 16 - 128 byte 4096 - 65536 bytes
Thot gian tham nhap thanh cong 1 - 2 xung nhip 40 - 100 xung nhip
Tring phat khi thét bai 8 - 100 xung nhip | 700.000 - 6 tri¢u xung
(Thoi gian tham nhép) 6 - 60 xung 500.000 - 4 triéu xung
(Di chuyén s6 liéu) 2 - 40 xung 200.000 - 2 triéu xung
Ti s6 that bai 0,5% - 10% 0,00001% - 0,001%
Dung luong 8 KB — 8MB 16 MB — 8GB

Bdng 1V.3: Dai lwong diéig hinh cho by nhé cache va by nho do.
So vdi by nho cache thi cdc tham soé ciia by nho do ting tir 10 dén 100.000 lan

Ngoai sy khéac biét dinh luong ma ta théy trong hinh IV.9, c6 nhitng khac biét
khac gitra by nhd cache va bd nhé ao 1a:

‘ - Khi thét bai cache, su thay thé mot khdi trong cache dugc diéu khién bang
phan cung, trong khi su thay thé trong bd nhé 4o 1a chu yéu do hé diéu hanh.
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- Khong gian dinh vi ma bd xtr 1y quan ly 1a khong gian dinh vi cua by nhé
a0, trong luc do thi dung lugng bd nhé cache khong tuy thudc vao khong gian dinh vi
bo xu ly.

- B6 nh¢ ngoai con duoc d}‘mg dé luu trix tdp tin ngoai nhiém vu la héau
phuong ctiia bd nhé trong (trong cac cap b nhg).

B6 nh¢ 4o cling duoc thiét ké bﬁng nhiéu k¥ thuat dac thu cho chinh né.

Cac h¢ théng bd nhd 4o ¢6 thé dugc chia thanh 2 loai: loai véi khdi co dung
lugng c6 dinh goi 1a trang, va loai vi khoi ¢6 chiéu dai thay doi goi 1a doan. Pinh vi
trang xac dinh mot dia chi trong trang, giéng nhu dinh vi trong cache. Trong dinh vi
doan can 2 tir: mot tir chira s6 thtr ty doan va mot tir chira d6 doi trong doan. Chuong
trinh dich gap kho khan nhiéu hon trong dinh vi doan.

Do viéc thay thé cac doan, ngay nay it may tinh ding dinh vi doan thuan tuy.
Mot vai may dung cach hon hop goi la doan trang. Trong d6 moéi doan chira mdt so
nguyén cac trang.Bay gio ching ta trd 161 4 cau hoi dat ra trong céc cap bd nhd cho bo
nhé éo.

Cdu hoi 1: Mét khéi dwee dit tai dau trong by nhé trong?

Viéc tring phat bd nhé do khi co thét bai, tuong trng véi viéc phai tham nhap
vao 6 dia. Viéc tham nhap ndy rat chaim nén ngudi ta chon phuong an hoan toan phdi
hop trong d6 cac khéi (trang) c6 thé ndm & bat ky vi tri ndo trong bd nhd trong. Cach
ndy cho ti 1¢ that bai thap.

Dia chi 3o Bi nhi a0
- 1023 Page 0
1024 - 2047 Page |  Bénhévitly  DPiachivatly
2048 - 3071 Page 2 Page frame O - 1023
3072 - 4095 Page 3 FPage frame | 1024 - 2047
4096 - 5119 Page 4 Page frame 2 | 2048 - 3071
5120 - 6143 Page 5 Page frame 3 | 3072 - 4095
6144 - 7167 Page 6
T168E - 8191 Page 7

Hinh IV.8: Anh xa cdc trang do vao bé nhé vit Iy

Cdu héi 2: Lam thé nao dé fim mét khoi khi né dang nam trong bg nhé trong?

Dinh vi trang va dinh vi doan déu dya vao mot ciu trac dir liéu trong do s6
thur ty trang hodc sb6 thtr tu doan duoc c6 chi s6. Cho dinh vi trang, dya vao bang
trang, dia chi trong bo nhd vat Iy dugce xac 1ap cudi cung 1a viéc dat ké nhau sb thu
cua trang vat ly voi dia chi trong trang (hinh IV.9). Cho dinh vi doan, dwa vao thong
tin trén bang doan, viéc kiém tra tinh hop 1¢ ctia dia chi dugc tién hanh. Dia chi vat
cudi cung dugc x4c 1ap bang cach cong dia chi doan va dia chi trong doan (d6 doi
trong doan) (hinh IV.10).
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dia chi vt b

cru  feETE] T | Bé nho vatly

F 3

- f
P dia chi trang o
£ trang it Iy
d: 3 di trong trang bang trang
Trang dd déd
Present bit Elung trang ||||ﬂ|1|ﬂ]||ﬂﬂ|u||¢iaclﬁio
Tranglﬂ'.iac]:ﬁtrénﬁa l
of t[owomorioo] oo o M1 Torooior o0 T oo
Prosent bil: 1 O TI0TLT008 | tolrironnonm | xx
0: Trang khéng od 2] 0neonnnt o 1 [rorooiorin [o
romgbd nhé vt Iy 5 0] HODOTOOTITI | xx 3| 0] 00001001111 | xx
- Trang ed trongbd 4 I ororioin: |1 a1 Towrioomm o
nhe wit I - h, ¥
i FO0 IO TIO0] | xx zlolwioorrion | ==
6 [ 0] 00110101100 | xx 6000110100100 | xx |'l|"ﬂ]”"”‘“”'l
T elo0a0ion | 1o 7 1] otowoston | 1o Hia chi vat IF
bing trang

Hinh IV.9 : Minh hoa sw anh xa dia chi giita by nho do va by nho vit ly
trong dinh vi trang

Bang doan
Limit Base
dia chi dn
logic & )
BO NHO’
B Dia chi TRONG

S: dia chi doan trong bo nh& vat ly
ao
D: @6 dai doan trong bd nho ao
Limit: gi61 han t61 da ctia doan
Base: d¢ doi trong doan

Hinh 1V.10 : Anh xa dia chi giita bp nhé do va by nhd vit ly trong cdch dinh vi doan
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Cdu héi 3: Khéi nao phdi dwoc thay thé khi cé thdt bai trang?

Hau hét cac hé diéu hanh déu cb gang thay thé khéi it dung gan day nhat (LRU:
Least Recent Utilized) vi nghi rang day 1a khdi it can nhat.

Cdu hoi 4: Viéc gi xdy ra khi can ghi sé liéu?

Chién thuat ghi luén 1a mot su ghi lai nghia 13 thong tin chi dugc viét vao trong
khoi ctia bd nho trong. Khoi c6 thay doi thong tin, dugce chép vao dia tr néu khoi nay bi
thay thé.

IV.10. BAO VE CAC TIEN TRINH BANG CACH DUNG BQ NHO AO

Sy xuat hién cua da chuong trinh (multiprogram) trong d6 may tinh chay nhiéu
chuong trinh song song véi nhau, dan ti cac doi hoi méi vé viée bao vé va phan chia
gitta cac chuong trinh.

Pa chuong trinh dua dén khai niém tién trinh (process): mot tzen trinh gom c¢é
mét chwong trinh dang thire hién va tdt ca cdc théng tin can thiét dé tiép tuc thwc hién
chwong trinh nay.

Trong da chuong trinh, bo xir Iy va bd nhé trong dugc nhiéu ngudi sir dung
chia s¢ mot cach qua lai (interactive), cuing mot thoi diém, dé tao cam giac rang
mdi nguoi dung dang c6 mot may tinh riéng. Va nhu thé, tai bat c lac nao, phai cé
thé chuyén d6i tir mot tién trinh nay sang mot tién trinh khac.

Mot tién trinh phai van hanh ding dan, du n6 duoc thi hanh lién tuc tir dau t6i
cudi, hay no bi ngit qua lai boi cac tién trinh khac. Trach nhiém dam bao cac tién trinh
déu chay dung, duoc chia sé giita nha thiét ké may tinh va nha thiét ké hé diéu hanh. Nha
thiét ké mdy tinh phai dam bao b xir Iy c6 thé luu giit trang thai cac tién trinh va phuc
hoi cc trang thai nay, con nha thiét ké hé dieu hanh phai dam béo céc tién trinh khong
anh huong 1én nhau. H¢ diéu hanh giai quyét vin dé nay bang cach chia bd nhé trong cho
céc tién trinh va trang thai cua mdi tién trinh nay hién dién trong phan bo nhé dugc chia
cho né. Piéu nay co nghia rang cac nha thiét ké hé diéu hanh phai duoc sy gitp stc cia
céc nha ché tao may tinh dé bao vé mot tién trinh khong bi anh hudng bdi tién trinh khéc.

Nha thiét ké may tinh c6 thém 3 trach nhiém trong viéc gitip cac nha thiét ké hé
diéu hanh bao v¢é cac tién trinh la:

1. Cung cép hai ché do van hanh cho biét tién trinh dang thuc hién 1a tién trinh
cua nguoi st dung hay tién trinh hé thong (cua nguoi di€u hanh).

2. Cung cip mdt tap hop con trang thai ctia bd xur Iy ma tién trinh ngudi sir
dung c6 thé dung nhung khong thé stra doi.

3. Cung cap cac co ché dé c6 thé chuyén ddi tir ché d6 ngudi dung sang ché do
ngudi diéu hanh va nguoc lai.

Chung ta da thay, dia chi ma bd xir 1y dua ra phai dugc bién doi tir dia chi a0
sang dia chi vat ly. Diéu nay gitp phan cing di xa nira trong viéc bao v¢ cac tién trinh.
Céach don gian nhat 1am viéc nay 1a cho phép tién trinh ngudi sir dung tac dong 1én cac bit
cho phép tham nhap vao mdi trang hay mdi doan. Khi bo xtr 1y phat ra tin hiéu doc (hay
viét) va tin hiéu nguoi dung (hay hé thong) thi rat d& dang phat hién cac viéc tham nhap
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trai phép bo nhd trude khi viée tham nhap nay gay hu hai. Céc tién trinh dugc bao vé va
c6 bang trang riéng cho minh tré dén cac trang tach roi nhau trong bg nhd.

skeoskeskoskosk
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W

9]

*

CAU HOI ON TAP VA BAI TAP CHUONG IV

hdks

Su khac nhau gitta SRAM va DRAM? Trong mdy tinh chiung dugc dung &
dau?

Muc ti€u cua cac cép bd nhé?

Néu hai nguyén tic ma cache dira vao d6 dé van hanh.

Cho mot b nhéd cache tuong img truc tiép c6 8 khdi, mdi khdi c6 16 byte. Bo
nhé trong c6 64 khoi. Gia sir lic khoi dong may, 8 khdi dau tién ciia bd nho
trong dugc dua 1€n cache.

a. Viét bang nhin cta cac khdi hién dang nim trong cache

b. CPU lan luot dua cac dia chi sau day dé doc sd liéu: O4AH, 27CH, 3F5H.
Néu that bai thi cap nhat bang nhan.

c. CPU dung cach ghi lai. Khi that bai cache, CPU dung cach ghi c6 nap.
Mo ta cong viée cta bd quan 1y cache khi CPU dua ra cac tir sau day dé ghi
vao bd nhé trong: 0C3H, 05AH, 1C5H.

Cac nguyén nhan chinh gy that bai cache?

Cac giai phap dam bao tinh dong nhat dit liéu trong hé thong bd da xur Iy co
bd nhd chia s¢ dung chung?

Cac cach nd1 rong day thong cua b nhé trong?

Tai sao phai dung bo nhé 40?

Su khac biét gifra cache va bo nhé 40?
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Chuong V: NHAP - XUAT

Muc dich: Gidi thiéu mét sé thiét bi lvu trit ngoai nhu: dia tw, dia quang, thé nho,
bang tir. Gioi thiéu h¢ thong két noi co ban cdc bg phdn bén trong mdy tinh. Cach giao
tiép giita cdc ngoai vi va bé xir Iy. Phwong phdp an toan dit liéu trén thiét bi luu trir
ngoai.

Yéu cau: Sinh vién phdi ndm viing cdc kién thirc vé hé thong két néi co ban cac bg
phdn bén trong may tinh, cach giao tiép giita cdc ngoaz vi va bé xik Iy. Biét dwoc cdu tao
va cde van hanh ciia cdc loai thiét bi luu triv ngodi va phwong phdp an todn dir liéu trén
dia cing.

V.1. DAN NHAP

Bo xir Iy cia may tinh dién tir lién hé voi bén ngoai nhd cac bo phan xuat nhap
(I/0O) ma ta con goi la ngoai vi.

Céc ngoai vi thong dung la:

- Man hinh, ban phim, chudt, mdy in, thé mang... 1a nhiitng by phén giip con
ngudi s dung mdy tinh dé dang.

- Céc dia tur, bang tur, dia quang, cac loai thé nhé 1a nhitng b phan luu trir thong
tin trir luong 16n.

TAt ca cac ngoai vi déu dugc ndi vao bd xur Iy va bo nhé trong béng mot hé
théng day ndi phirc tap vi tinh da dang cta cac ngoai vi.

Trong chuong nay chiing ta tap trung noi dén cac bo phan luu trit sé lidu co trix
luong cao (dia tir, dia quang, bang tlr) va sy két ndi cac bo phan ndy vao may tinh.

V2. PIA TU

Du rang cong nghé méi khong ngimg phat minh nhiéu loai b phan luu trir mot
lugng thong tin 16n nhung dia tir van giit vi tri quan trong tir nim 1965. Pia tir ¢6 hai
nhiém vu trong may tinh.

- Luu trir dai han céc tap tin.

- Thiét 1ap mot cap bo nhé bén dudi bd nhd trong dé 1am bo nhé do lic chay
chuong trinh.

Do dia mém dan duoc cac thiét bi luu trir khac ¢6 cac tinh ning wu viét hon nén
chung ta khong xét dén thiét bi nay trong chuong trinh ma chi néi dén dia ctig. Trong tai
li¢u nay mo td mdt cach khai quat cAu tao, cach van hanh cling nhu dé cap dén cac tinh
chét quan trong cua dia cimg.

Mot dia clmg chtra nhiéu 16p dia (tir 1 dén 4) quay quanh mot truc khoang 3.600-
15.000 vong mdi phit. Cac 16p dia ndy dugc lam bang kim loai véi hai mit duge phi mot
chat tir tinh (hinh V.1). Pudng kinh cta dia thay ddi tir 1,3 inch dén 8 inch. Mdi mit cia
mot 16p dia duoc chia thanh nhiéu duong tron dong truc goi 1a ranh. Thong thuong mdi
mit ciia mot 10p dia co tir 10.000 dén gan 30.000 ranh. Mdi rinh dugc chia thanh nhiéu
cung (sector) dung chira thong tin. Mot ranh c6 thé chira tir 64 dén 800 cung. Cung 13 don
vi nho nhat ma may tinh c6 the doc hoac viét (thong thuong khoang 512 bytes). Chudi
thong tin ghi trén mdi cung gom c6: s the tu cua cung, mot khoang trong, sO liéu cua
cung d6 bao gdm ca cac ma sira 16i, mot khoang tréng, s6 thir tu ciia cung tiép theo.
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Véi ky thuat ghi mat d6 khong déu, tit ca cac ranh déu co cing mot sb cung,
di€u nay lam cho céc cung dai hon & céc ranh xa truc quay c6 mat do ghi thong tin thap
hon mat do ghi trén cac cung nam gan truc quay.

\ Sector

Gia do dau doc

Co cau .
truyen Tam dia
dong Gt
dau tir /Cy et
L]
AR
i@ ))
KA ory
—t
|
{A/,’f/":-l:'\ﬁ,
(Y1)

; I - ) //
‘ k ::::f"/
Bau tir

Hinh V.1: Ciu tao ciia mét dia cung

Vi tri oc gir

Vé6i cong nghé ghi voi mat d6 déu, ngudi ta cho ghi nhiéu thong tin hon & cac
ranh xa truc quay. Cong nghé ghi ndy ngay cang dugc dung nhiéu véi su ra doi cua cac
chuan giao di¢n thong minh nhu chuan SCSI.

MGt dj ghi khéng déu Mt dj ghi déu

Hinh V.2: Mdt d¢ ghi dii liéu trén cdc logi dia cirng

Dé doc hoic ghi thong tin vao mot cung, ta dung mot dau doc ghi di dong ap vao
moi mat cua moi 16p dia. Cac dau doc/ghi nay dugce gan chat vao mot thanh 1am cho
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Kiéen tric may tinh

chung cung di chuyén trén mot duong ban kinh ctia mdi 16p dia va nhu thé tit ca cac dau
nay déu & trén nhitng ranh cé cung ban kinh cia cac 16p dia. Tu “tru” (cylinder) duoc
dung dé goi tit ca cac ranh cua cac 1op dia c6 cung ban kinh va nam trén mot hinh try.

Nguoi ta luon mubn doc nhanh dia tir nén théng thudng 6 dia doc nhiéu hon sé
dir liéu can doc; nguoi ta noi day 1a cach doc trude. Bé quan 1y cac phire tap khi két nbi
(hoac ngung két néi) luc doc (hoac ghi) thong tin, va vi¢e doc trude, 6 dia can co bo diéu
khién dia.

Cong nghiép ché tao dia tir tap trung vao viéc nang cao dung luong cia dia ma
don vi do luong 1a mat do trén mot don vi bé mat.

Bing thing s6 ky thuit dii cimg

Dung hegng toi da

Sii hromg diiu doc

So tim ghi (dia)

Cache (hiy dém)

S0 cungz (Seetors - 312 byvtes/seetor)
Tie dis quay dia (RPM)

Mt di

Matdg riinh (TP - Max Treacks/Inch)
Matdi ghi BPT{Max Bits/Inch)
Tie dij dir liéu toi da (Internal)
Tiie di truyén dir lidu véi ngoai vi
Thivi gian chuvén track RAY

Thivi gian gquay nua ving

ci the dat 500 GB
-8

1-4

2-16NB
AANANN NN

3000 - 15000

ci the dat 95 Gh/in?
cb the dat 120,000
ch the dat 702,000
ci the dat M0 Mb/s
ci the dat 320 MB/s
ci the dat 15 ms

ci the dat & ms

Bing V.1: Thong sé ky thudt ciia dia cieng

V.3. PIA QUANG

Céc thiét bi luu trit quang rat thich hop cho viéc phat hanh cac san pham vin
hoa, sao luu dit liéu trén cac hé thong may tinh hién nay. Ra doi vao nim 1978, day la
san pham cta sy hop tac nghién ciru giita hai cong ty Sony va Philips trong cong nghiép
giai tri. Tir nam 1980 dén nay, cong nghiép dia quang phat trién manh trong ca hai linh
vuc giai tri va luu trlt dir li€u may tinh. Qua trinh doc thong tin dya trén sy phan chiéu
clia cac tia laser ning lugng thap tir 16p luu trit dir liéu. BO phén tiép nhan anh sing sé
nhan biét dugc nhing diém ma tai d6 tia laser bi phan xa manh hay bién mat do cac vét
khic (pit) trén bé mit dia. Cac tia phan xa manh chi ra rang tai dlem d6 khong c6 15 khic
va diém nay dugc goi 1a diém nén (land). Bo nhén anh sang trong 6 dia thu nhén céc tia
phéan xa va khuéch tan dugc khic xa tir bé mat dia. Khi cac nguon sang dugc thu nhan, bd
vi xtr 1y s& dich cac mau sang thanh céc bit dir liéu hay 4m thanh. Cac 16 trén CD sau 0,12
micron va rong 0,6 micron (1 micron bang moét phan ngan mm). Cac 16 nay dugc khic
theo mot track hinh xoan 6¢ v&i khoang cach 1,6 micron gitta cac vong, khoang 16.000
track/inch. Céc 15 (pit) va nén (land) kéo dai khoan 0,9 dén 3,3 micron. Track bat dau tir
phia trong va két thuc & phia ngoai theo mot dudng khép kin céc ria dia Smm. Dir liéu
lwu trén CD thanh timg khoi, mdi khdi chtra 2.352 byte. Trong d6, 304 byte chira cac
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thong tin vé bit dong b, bit nhan dang (ID), mi stra 16i (ECC), ma phat hién 16i (EDC).
Con lai 2.048 byte chua dir liéu. Tbe do doc chuian cia CD-ROM 1a 75 khbi/s hay
153.600 byte/s hay 150KB/s (1X).

Duéi ddy 1a mot s6 loai dia quang théng dung.

CD (Compact Disk): Pia quang khong thé xo4 dugc, dung trong cong nghiép
giai tri (cac dia 4m thanh dugc s6 ho). Chuéan dia ¢6 duong kinh 12 cm, 4m thanh phat tir
dia khoang 60 phut (khong dung).

CD-ROM (Compact Disk Read Only Memory): Pia khong xo4 dung dé chira cac
dir liéu may tinh. Chuan dia c6 duong kinh 12 cm, luu trit dit liéu hon 650 MB. Khi phat
hanh, dia CD-ROM d3 c6 chira ndi dung. Thong thuong, dia CD-ROM duogc dung dé
chtra cac phan mém va cac chuong trinh diéu khién thiét bi.

CD-R (CD-Recordable): Giéng nhu dia CD, dia méi chua co thong tin, ngudi
dung c6 thé ghi dit liéu 1én dia mot 1an va doc dugc nhiéu lan. Dit liéu trén dia CD-R
khong thé bi xo4.

CD-RW (CD-Rewritable): Giéng nhu dia CD, dia méi chua c6 thong tin, nguoi
dung c6 thé ghi dir liéu 1én dia, xo4 va ghi lai dit liéu trén dia nhiéu lan.

DVD (Digital Video Disk - Digital Versatile Disk): Ra doi phuc vu cho cong
nghiép giai tri, dia chira cac hinh anh video duoc sé hoa. Ngay nay, DVD duoc st dung
rong rai trong cac ung dung cong nghé thong tin. Kich thudc dia c6 hai loai: 8cm va 12
cm. Pia DVD c¢6 thé chia dit liéu trén ca hai mat dia, dung luong tdi da 1én dén 17GB.
Cac thong s6 ki thuat ctia dia DVD-ROM (loai dia chi doc) so véi CD-ROM. Téc do doc
chuan (1X) caa DVD 1a 1.3MB/s (1X caa DVD tuong duong khoang 9X caa CDROM).

DVD-R (DVD-Recordable): Gidng nhu dia DVD-ROM, nguoi dung c6 thé ghi
dit liéu 1én dia mot 1an va doc duge nhiéu lan. Pia nay chi cé thé ghi dugc trén mot mat
dia, dung luong ghi trén mdi mit t6i da 1a 4.7 GB.

DVD-RW (DVD-Rewritable): Giéng nhu dia DVD-ROM, ngudi dung c6 thé
ghi, x04 va ghi lai dit liéu 1én dia nhiéu lan.. Pia nay ciing c6 thé ghi duoc trén mot mat
dia, dung lugng ghi trén mdi mat t6i da 1a 4.7 GB.

Pac trung CDROM DVDROM
Kich thuoc Pit 0.834 micron 0.4 micron
Khoang cach ranh 1.6 micron 0.74 micron
S0 I6p diF liéu trén dia 116p 2 lép
S6 mat dia 1 mat 1 -2 mat
Dung luvong 640-700 MB 1.36 — 17 GB
B6 phan giai phim VCD=320x200 720x640

Bing V.2: So sdnh mgt sé théng sé ciia hai logi dia CDROM va DVDROM
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Véi cac dac tinh cua dia quang, gia thanh ngay cang thap, duoc xem nhu mot
phuong tién thich hop dé phan phdi cac phan mém cho may vi tinh. Ngoai ra, dia quang
con duoc dung dé luu trit 1au dai cac dit lidu thay thé cho bang tur.

V.4. CAC LOAI THE NHO

Hién nay, thé nhd 1a mot trong nhiing cong nghé méi nhat duoc dung lam thiét
bi luu trit. Thé nhé flash 1a mot dang bo nhé ban din EEPROM(cong nghé dung dé ché
tao cac chip BIOS trén cac vi mach chinh), dugc cAu tao boi cac hang va cac cot. Mdi vi
tri giao nhau 1 mot 6 nhd gdm cé hai transistor, hai transistor nay cach nhau boi mot 16p
0-xit mong. Mot transistor dugc goi la floating gate va transistor con lai dugc goi la
control gate. Floating gate chi co thé ndi két véi hang (word line) thong qua control gate.
Khi dudng két ndi duoc thiét lap, bit co gia tri 1. bé chuyen sang gia tri 0 theo mot qui
trinh c¢6 tén Fowler-Nordheim tunneling. Toc 46, yéu cau vé dong dién cung cap thap va
dac biét voi kich thude nho gon cua cac loai thé nhd 1am cho kiéu bd nhé nay duogc dung
rong rai trong cong nghé luu trir va giai tri hién nay.

©2000 HOW STUFF WORKS
‘Word line CEO00 HOW STUFF WORKS
J : 4 Word line
Control Gate
Control Gate
Floating Gate

Floating Gate B

(-}-)(-}-) Negatively charged electrons

5—%‘ Source 1 2 :T.‘ Source
B cumentron I B cumetton T

(-}{-)(-}{-) Negatively charged electrons

Hinh V.3: Minh hoa hai trang thdi cua mgt bit nho trong thé nho

V.5. BANG TU

Bing tir ¢6 cuing cong nghé véi cac dia tir nhung khac dia tir hai diém:

- Viéc thAm nhap vao dia tir 1a ngau nhién con viéc thAm nhap vio bing tir 1a
tuan ty. Nhu vay viéc tim thong tin trén bang tir mat nhiéu thoi gian hon viée tim thong
tin trén dia tur.

- Pia tir c6 dung lugng han ché con bang tir gdm c6 nhiéu cudn bing c6 thé lay
ra khoi may doc bang nén dung luong cua bang tir 13 rit 16n (hang trim GB). Vi chi phi
thap, bang tir van con dugc dung rong rii trong viéc luu trit dit liéu du phong.

Céac bang tir co chiéu rong thay d6i tir 0,38cm dén 1,27 cm dugc dong thanh
cudn va duogc chira trong mot hop bao vé€. Dir li¢u ghi trén bang tir co cAu tric gém mot
s6 cac ranh song song theo chiéu doc ciia bang.

C6 hai cach ghi dir li¢u 1én bang tur:

Ghi nbi tiép: v6i k¥ thuat ghi xodn dc, dir liéu ghi ndi tiép trén mot rinh cua
bang tir, khi két thuc mot ranh, bang tir s& quay nguoc lai, dau tir s& ghi dir liéu trén ranh
moi tiép theo nhung véi huéng nguoc lai. Qua trinh ghi cir tiép dién cho dén khi day
bang tur.

Ghi song song: dé ting toc d6 doc-ghi dir liéu trén bang tir, dau doc - ghi ¢ thé
doc-ghi mot s6 ranh ké nhau dong thoi. Dir liéu van dugc ghi theo chiéu doc bing tir
nhung cac khdi dir liéu duoc xem nhu ghi trén cac ranh ké nhau. S6 ranh ghi dong thoi
trén bang tir thong thudng 1 9 rinh (8 ranh dir liéu - 1byte va mot ranh kiém tra 15i).
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V.6. BUS NOI NGOAI VI VAO BQ XU LY VA BQ NHO TRONG

Trong may tinh, bd xr Iy va bo nhé trong lién lac véi cac ngoai vi bang bus. Bus
13 mot hé théng cac day cap ndi (khoang 50 dén 100 soi cap riéng biét) trong d6 mot
nhém cac cap duoc dinh nghia chirc ning khac nhau bao gom: cac duong dir lidu, cac
duong dia chi, cac day diéu khién, cung cip ngudn. Dung bus c¢6 2 wu diém 1a gia tién
thap va dé thay d6i ngoai vi. Ngudi ta c¢6 thé g& bo mot ngoai vi hodc thém vao ngoai vi
m&i cho cac may tinh dung cting mot hé théng bus.

Gia tién thiét ké va thuc hién mot hé théng bus 1a ré, vi nhiéu nga vao/ra cung
chia s¢ mot sé duong diy don gian. Tuy nhién, diém that loi chinh cua bus 13 tao ra
nghén c6 chai, diéu nay 1am gidi han luu luong vao/ra tdi da. Cac hé thong may tinh dung
cho quan ly phai dung thuong xuyén cac ngoai vi, nén kho khan chinh 1a phai c6 mdt h¢
théng bus du kha nang phuc vu bd xtr ly trong viéc lién hé véi céc ngoai vi.

Mot trong nhiing 1y do khién cho viéc thiét ké mot hé thong bus khé khan 1a toc
d6 toi da cua bus bi gi6i han boi cac yéu to vat Iy nhu chiéu dai cua bus va sé bd phan
duoc méc vao bus.

Céc bus thuong ¢6 hai loai: bus hé thong ndi bd xir 1y v6i bd nh¢ (system bus,
Front Side Bus-FSB) va bus nbi ngoai vi (bus vao/ra — I/O bus) (hinh V.4). Bus vao/ra c6
thé c6 chiéu dai 16n va c6 kha ning ndi két voi nhidu loai ngoai vi, cac ngoal vi nay cé
thé ¢6 luu luong thong tin khac nhau, dinh dang dir liéu khac nhau. Bus két n6i bo xur 1y
v6i bo nhé thi ngan va thuong thi rat nhanh. Trong giai doan thiét ké bus két ndi bo xir 1y
v6i bd nhéd, nha thiét ké biét trudce cac linh kién va bd phin ma 6ng ta can két ndi lai, con
nha thiét ké bus vao/ra phai thiét ké bus thoa méin nhiéu ngoai vi c6 mic tri hodn va luu
luong rat khac nhau (xem hinh V.6).

Processor Local Bus Cache

Laocal 140

. controller
Main
Memorsy
| System Bus |
Network Expansion E—
SOSI bus interface] =
Modem

I Expansion Bus I

Hinh V.4: Hé thong bus trong mét mdy tinh
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Hién nay, trong mot sé hé théng may tinh, bus ndi ngoai vi dugc phan cip thanh
hai hé théng bus con. Trong dod, bus tbe d6 cao (high-speed bus) hd tro két ndi cac thiét bi
tdc d6 cao nhu SCSI, LAN, Graphic, Video,...va hé théng bus mé rong (expansion bus)
dugc thiét ké dé két ndi véi cac ngoai vi yéu cau tdc d6 thap nhu: modem, cong ndi tiép,
cong song song,...Giira hai hé thong bus ndi ngoai vi trong to chirc hé thdng bus phan
cap 1a mot giao dién dém (hinh V.5).

Main
Memory

ftfj ?icdh EE- System Bus |

Local Bus

Processo

S50 Pl13vd [il"ﬂpl]il.' Viden LLAM
| High-Speed Bus |
FAX Expansion g
bus interface Serial
Modem
| Expansion Bus |
Hinh V.5: H¢ thong bus phdan cap
Gigabit et |
|
Graphics dispay
R e e e
Ethemet W
1
Optical ik |
Scanner #
1
Lascr printe
Floppy disk #
Niod, |
Manse _
kevhommnd _
ia! IR i 1 1F L1 i i 1a?

Dk Bl { bpa)

Hinh V.6: Bdang biéu dién toc do dir liéu cua cdc ngogai vi
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Ta c6 thé c6 nhiéu lua chon trong viéc thiét ké mot bus, nhu trong bang V.3.

Dac tinh cia Bus hé thong Bus ndi ngoai vi
bus

Do rong cua bus Puong day dia chi va s6 liéu Puong dia chi va s6 liéu duge da hop
khac nhau

Do rong bus sb liéu | Cang rong cang nhanh (vi du Cang hep cang it ton kém (vi du 8 bit)
64 bit)

S6 tir duge chuyén | Chuyén nhiéu tir Chuyén don gian mdi 1an mot tir

Chu nhéan ciabus | Nhiéu Mot

Chuyén timg gbi C6. Can nhiéu chu nhan bus Khong. Két ndi mot 1an va chuyén hét

thong tin
Xung nhip DPong bd Bét dong bo

Bdang V.3: Cac lwa chon chinh yéu cho mot bus

Trong bang V.3 c¢6 khai niém sau day lién quan dén cac chii nhdn ciia bus - cac
b phan co thé khoi dong mat tac vu doc hoac viét trén bus. Vi du bd xtr Iy ludén 1a mot
chil nhan cua bus. Mot bus ¢6 nhiéu chi nhan khi n6 c6 nhiéu bd xur 1y, hodc khi cac
ngoai vi c6 thé khoi dong mot tac vu co dung bus. Néu ¢6 nhiéu chu nhan cua bus thi
phai c6 mot co ché trong tai dé quyét dinh chu nhan nao dugc quyen chiém linh bus. Mot
bus ¢6 nhiéu chil, c6 thé cdp mot dai thong rong (bandwidth) bang cach sir dung cac goi
tin thay vi dung bus cho tung tac vu riéng 1¢. Ky thudt st dung goi tin dugc goi 1a phan
chia nho tac vu (dung bus chuyén goi). Mot tac vu doc duoc phén tich thanh mot tac vu
yéu cau doc (tac vu nay chua dia chi can doc), va mot tac vu tra 101 cua bd nhd (chta
thong tin can doc). Mdi tac vu déu c6 mot nhin cho biét loai ctia tic vu. Trong ky thuat
phan chia nho tac vy, trong khi by nhé doc cac thong tin & dia chi da xac dinh thi bus
duoc danh cho cac chu khac.

Bus hé thong 1a mot bus dong bd, nd6 gdbm cob mét xung nhip trong cac duong
day diéu khién, va mot nghi thtrc cho céc dia chi va cac s6 lidu d6i véi xung nhip. Do ¢6
rat it hodc khéng c6 mach logic nao dung dé quyét dinh hanh dong ké tiép nao can thuc
hién, nén cac bus d@)ng bd vira nhanh, vira ré tién. Trén bus nay, tat ca déu phai van hanh
véi cung mot xung nhip.

Nguoc lai, cac bus vao/ra thudc loai bus bat ddng bo, cac bus nay khong c6 xung
nhip dong bd trong hé théng bus. Thay vao d6 co cac nghi thirc bat tay véi cac quy dinh
riéng ve€ thoi gian, dugce dung gitta cac bo phan phat va by phén thu cua bus. Bus bét
dong bo rat dé thich Gmg v6i nhidu ngoai vi va cho phép ndi dai bus ma khong phai lo
ngai gi dén van dé ddng bo. Bus bat dong bo ciing dé thich tng véi nhitng thay do6i cong
nghé.

V.7. CAC CHUAN VE BUS

S6 luong va chung loai cac bo phén vao/ra khong can dinh trude trong cac hé
théng xtr 1y thong tin. Pidu nay giup cho nguoi str dung may tinh dung b6 phan vao/ra
nao dap tmg duoc cac yéu cau ciia ho. Vao/ra 1a giao dién trén d6 cac b phan (thiét bi)
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duoc két ndi vao hé théng. N6 c6 thé xem nhu mdt bus néi rong dung dé két ndi thém
ngoai vi vao may tinh. Cac chuan lam cho viéc ndi két cac ngoai vi vao may tinh dugc dé
dang; boi vi, trong khi cac nha thiét ké-san xudt may tinh va cac nha thiét ké-san xuat
ngoai vi co thé thudc cac cong ty khac nhau. Sy tdn tai cac chuin vé bus la rat can thiét.
Nhu vay, néu nha thiét ké mdy tinh va nha thiét ké ngoai vi tén trong cac chuan vé bus
nay thi cac ngoai vi c6 thé két nbi dé dang vao may tinh. Chuan ciia bus vao/ra 13 tai lidu
quy dinh cach két nbi ngoai vi vao may tinh.

Cac may tinh qua thong dung thi cac chuin vé bus vao/ra cta chung c6 thé duoc
xem 13 chuan cho cac hiang khéac (vi du: trude ddy, UNIBUS cta may PDP 11, cac chuan
vé bus cia may IBM PC, AT va hién nay 1a cic chuan cta hang Intel lién quan dén céc
may vi tinh). Cac chuén vé bus phai dugc cac co quan vé chuan nhu ISO, ANSI va IEEE
cong nhan.

V.8. GIAO DIEN GIUA BO XU LY VOI CAC BQ PHAN VAO RA
B§ xtr ly dung 2 cach dé lién lac véi cac bod phan vao ra:

Cdch thw nhat, thuong dugc dung: l1a cach dung mdt vung dia chi cia by nhéd
lam vung dia chi cta cac ngoai vi. Khi doc hay viét vao vung dia chi nay cua bd nh¢ 1a
lién h¢ dén cac ngoai vi.

Cdch thiwr hai, dung ma 1énh riéng bi€t cho vao/ra (tirc 1a c6 céac I¢nh vao/ra riéng,
khéng trung vé6i 1énh doc hay viét vao 6 nhé). Trong truong hop nay, bo xir Iy goi mot tin
hiéu diéu khién cho biét dia chi dang dung 13 ciia mot ngoai vi. Vi mach Intel 8086 va
may IBM 370 1a cac vi du vé bo xu 1y dung 1énh vao/ra riéng biét.

Du dung cach nao dé dinh vi vao/ra thi mdi bo phan vao/ra déu co cac thanh ghi
dé cung cip thong tin vé trang thai va vé diéu khién. B phan vao/ra dung bit trang thai
“san sang” dé bao cho bd xir 1y nd sin sang nhan sb liéu. Pinh ky bo xir Iy xem xét bit
nay dé biét bo phan vao ra c6 san sang hay khong. Phuong phap nay la phuwong phap
tham do (polling). Va nhugc dlem cua phuong phap nay 1a lam mat thoi gian cta bo xir
1y vi dinh ky phai thim do tinh san sang cua cac thiét bi ngoai vi. Piéu ndy da duoc nhan
thy tir lau va da dan den phat minh ra ngat quang (interrupt) dé bao cho bo xur 1y biét luc
c6 mot bo phan vao/ra can dugc phuc vu.

Viée dung ngit quang lam cho b xu 1y khéng mat thoi gian tham do xem cac
ngoai vi ¢6 yéu cau phuc vu hay khong, nhung bo xur ly phai mat thoi glan chuyén dir
li¢u. Thong thuong viée trao d6i s6 liéu giira ngoai vi va CPU 1a theo khéi s6 liéu, nén vi
mach thdm nhép truc tiép bo nhd trong (DMA: Direct Memory Access) duoc dung trong
nhiéu may tinh dé chuyén mot khdi nhiéu tir ma khong cé sy can thiép ctiia CPU.

CPU Memory Disk
A AAA |
1 ! 1 !
1 I 1 1
|y | Without DMA ! With DMA ;
LTI T _______.__ ' Bus

Hinh V.7. So do hoat dong cua hé théng bus co vi mach DMA
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DMA 1a mot vi mach chirc nang dac biét. N6 chuyén s6 liéu gilta ngoai vi va bd
nh¢ trong, trong liic 6 CPU ranh réi dé lam cong viéc khac. Vay DMA nam ngoai CPU
va tac dong nhu 1a mot chu nhan cua bus. Bo xtr 1y khoi1 dong cac thanh ghi cia DMA,
cac thanh ghi nay chtra dia chi 6 nhd va s byte can chuyén. DMA chu dong chuyén sd
lidu va khi chdm durt thi tra quyén diéu khién cho bo xtr 1y.

Vi mach DMA cang thong minh thi cong viéc cia CPU cang nhe di. Nhiéu vi
mach duoc goi 12 bd xtr 1y vao/ra (hay bo diéu khién vao/ra) thyc hién céng viéc minh
theo mot chuong trinh ¢b dinh (chtra trong ROM), hay theo mét chuong trinh ma hé diéu
hanh nap vao bg nhé trong. Hé diéu hanh thiét 1ap mét hang cho doi gém cac khéi diéu
khién cac bd phan vao/ ra. Cac khéi chtra cac thong tin nhu 13 vi tri cta s liéu (ngudn va
dich) va sb s6 lidu. Cac bo xir Iy vao/ra lay cac thong tin nay trong hang cho doi, thuc
hién céc viéc can phai lam va gai vé CPU tin hiéu ngit khi da thyc hién xong cong viéc.

Mot may tinh c¢6 bd xtr Iy vao/ra dugc xem nhu mot may tinh da xtr Iy vi DMA
gitp cho may tinh thuc hién cung luc nhiéu qua trinh. Tuy nhién b6 xur ly vao/ra khong
tong quat bang cac bo xur ly vi chung chi lam dugc mot s6 viée nhit dinh. Hon nira bo xu
1y vao/ra khong ché bién so liéu nhu cac bo xir 1y thuong 1am. N6 chi di chuyén sb liéu tir
noi nay sang noi khac.

V.9. MOT SO BIEN PHAP AN TOAN DU’ LIEU TRONG VIEC LUU TRU
THONG TIN TRONG PiA TU

Nguoi ta thudng chu trong dén sy an toan trong luu gitt thong tin ¢ dia tir hon 1a
sy an toan cua thong tin trong b xur ly. Bo xtr 1y c6 thé hu ma khong lam ton hai dén
thong tin. O dia ciia may tinh b1 hu c6 thé gy ra céc thiét hai rat to 16n.

Mot phuong phap gitup tdng cuong dd an toan cua thong tin trén dia tir la dung
mot mang dia tir. Méang dia tir nay dugc goi 1a Hé thong dia dw phong (RAID - Redundant
Array of Independent Disks). Cach luu trir du thong tin 1am ting gia tién va su an toan
(ngoai trir RAID 0). Co ché RAID c¢6 cac dic tinh sau:

1. RAID la mét tap hop cac 6 dia cing (vat ly) duoc tl}ié't 1ap theo mot ky
thuat ma h¢ diéu hanh chi “nhin thay” chi 1a mot 6 dia (logic) duy nhat.

2. Véi co ché doc/ghi thong tin dién ra trén nhiéu dia (ghi dan chéo hay soi
guong).
7 3. Trong mang dia co luu cac thong tin kiém tra 18i dir liéu; do do, dir liéu co
thé dugc phuc hoi néu c6 moét dia trong mang dia bi hu hong .

Tuy theo k¥ thuat thiét 1ap, RAID c6 thé c6 cac mic sau:

i). RAID 0: Thyc ra, ky thuat nay khong ném trong sb cac k¥ thuat c6 co ché an
toan dir li¢u. Khi mang duoc thlet 1ap theo RAID 0, 6 dia logic c6 dugc (ma hé diéu hanh
nhan biét) c6 dung dugng bing tong dung lugng cua cac 6 dia thanh vién. Diéu nay gitp
cho nguoi dung co thé c6 mot 6 dia logic ¢6 dung luong lon hon rat nhiéu 50 V@i dung
luong that cta 6 dia vat 1y cung thoi diém. Dir liéu dugc ghi phéan tan trén tit ca cac dia
trong mang. Pay chinh 1a sy khac biét so vdi viée ghi dir li¢u trén cac dia riéng 1¢ binh
thuong bai vi thoi gian doc-ghi dir lidu trén dia ti 18 nghich véi sé dia co trong tap hop
(s6 dia trong tip hop cang nhiéu, thoi gian doc — ghi dir liéu cang nhanh). Tinh chit nay
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cua RAID 0 that sy hitu ich trong cac ung dung yéu cau nhiéu thim nhap dia voi dung
luong 16, téc d6 cao (da phuong tién, d6 hoa,...). Tuy nhién, nhu d3 ndi ¢ trén, k¥ thuat
nay khong co co ché an toan dit liéu, nén khi c6 bat ky mdt hu hong nao trén mot dia
thanh vién trong mang ciing s& din dén viéc mat dir liéu toan bd trong mang dia. Xac suat
hu hong dia ti I¢ thuan véi ) lugng dia dugc thiét 1ap trong RAID 0. RIAD 0 c6 thé dugc
thiét 1ap bang phan cing (RAID controller) hay phan mém (Stripped Applications)

— —
Strip 0 Strip 1 Strip 2 Strip 3
Strip 4 ms/ \Steré/ Strip 7
Suip § TSwpe | TSep10 | TSepTr |
e~ ——1 e~ ——1 e~ ——1 ~e—— 1

Hinh V.8: RAID 0

ii). RAID 1 (Mirror - Pia guong): Phuong cach thong thudng tranh mat thong tin
khi 6 dia bi hu 1a dung dia guong, tirc 1a dung 2 dia. Khi thong tin duogc viét vao mot dia,
thi n6 ciing dugc viét vao dia guong va nhu vay ludn c6 mot ban sao ciia thong tin. Trong
co ché nay, néu mot trong hai dia bi hu thi dia con lai dugce dung binh thuong. Viéc thay
thé mot dia méi (cung thong sd ki thuat v6i dia hu hong) va phuc hoi dir liéu trén dia don
gian. Can cu vao dir licu trén dia con lai, sau mot khoang thoi gian, dir liéu s€ duoc tai
tao trén dia moi (rebuild). RAID 1 cling c6 thé dugc thiét 1ap bang phan cing (RAID

controller) hay phan mém (Mirror Applications) v&i chi phi kha 16n, hiéu suat str dung
dia khong cao (50%).

Strip 8 Strip 9 Strip 10 Strip 8 Strip 9

Strip 12 Strip 13 Strip 14 Strip 13

—
Strip 0 Strip 1 Strip 2 Strip 0 Strip 1
Strip 4 Swp s Stip 6 w Strip 4 Stip 5
\ | \ | 1 | h ] |
1 1 1 1 1 1 ) 1

Hinh V.9: RAID 1

iii) RAID 2: Dung ky thuat truy cép dia song song, tit ca cac dia thanh vién
trong RAID déu dugc doc khi c6 mot yéu cau tir ngoai vi. Mot ma stra 16i (ECC) duoc
tinh toan dya vao céac dir liéu dugc ghi trén dia luu dir li¢u, cac bit dugc ma hoa dugc luu
trong cac dia dung lam dia kiém tra. Khi c6 mot yéu cau dit liéu, tat ca cac dia duoc truy
cap dong thoi. Khi phat hién c6 15i, bo diéu khién nhan dang va sira 16i ngay ma khong
lam giam thoi gian truy cip dia. Vi mot thao tac ghi dir liéu 1én mot dia, tat ca cac dia
dir liéu va dia stra 16i déu duoc truy cap dé tién hanh thao tac ghi. Thong thudng, RAID 2
dung ma Hamming dé thiét l1ap co ché ma ho4, theo d6, dé ma hoa dir liéu duoc ghi,
nguoi ta dung mot bit sira 16i va hai bit phat hién 16i. RAID 2 thich hgp cho hé thong yéu
cau giam thiéu dugc kha ning xay ra nhiéu dia hu hong cung luc.
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Fo(b) Fy(b)
1
[}
]

| | 1
! I 1 [} I
i 1

Hinh V.10: RAID 2

iii). RAID 3: Dung ky thuat ghi song song, trong ky thuat nay, mang dugc thiét
1ap voi yéu cau téi thiéu 1a 3 dia co cac thong s6 ky thuat gidng nhau, chi mot dia trong
mang dugc dung dé luu cac thong tin kiém tra 16i (parity bit). Nhu vay, khi thiét 1ap
RAID 3, hé diéu hanh nhan biét dugc mot dia logic c6 dung luong n-1/n (n: s dia trong
mang). Dir liéu dugc chia nho va ghi dong thoi trén n-1 dia va bit kiém tra chin 1¢ duoc
ghi trén dia dung lam dia chira bit parity — chan 1¢ dan chéo & mirc do bit. Bit chan 18 1a
mot bit ma ngudi ta thém vao mot tap hop cac bit 1am cho sd bit ¢6 tri sé 1 (hodc 0) 1a
chin (hay 1¢). Thay vi c6 mot ban sao hoan chinh cua thong tin gbc trén moi di fa, nguoi ta
chi can c6 du thong tin dé phuc hoi thong tin da mat trong truong hop cé hong 6 dia. Khi
mot dia bat ky trong mang bi hu, h¢ thong van hoat dong binh thuong. Khi thay thé mot
dia méi vao mang, can ctr vao dir li¢u trén cac dia con lai, hé théng tai tao thong tin. Hiéu
suat str dung dia cho cach thiét 1ap nay 1 n-1/n. RAID 3 chi ¢6 thé duoc thiét 1ap bing
phan cimg (RAID controller).

bo

S— N —
b

Hinh V.11: RAID 3

iv) RAID 4: tir RAID 4 dén RAID 6 _dung ky thudt truy cép cac dia trong mang
doc lap. Trong mot mang truy cap doc 1ap, moi dia thanh vién dugc truy xuat doc lap, do
d6 mang c6 thé dap tng dugc cac yéu cau song song cua ngoai vi. Ky thuat nay thich hop
v6i cac tmg dung yéu cau nhiéu ngoai vi 1a cac Gmg dung yéu ciu téc do truyén dir lidu
cao. Trong RAID 4, mét dia dung dé chira céc bit kiém tra dugc tinh toan tir dit liéu duoc
luu trén cac dia dir liéu. Khuyét diém 16n nhat cia RAID 4 13 bi nghén c6 chai tai dia
kiém tra khi c6 nhiéu yéu cau dong thoi tir cac ngoai vi.

Block 0

B10 BIl P(8-11)

Bl4 BI5 P(12-15)

—
Blockl Block2 Block3 P(0-3)
“ B6 B7 PE-7)
1 | | 1
1 | I 1
] 1 1

1
I
]

Hinh V.12: RAID 4
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v). RAID 5: yéu cau thiét 1ap gidng nhu RAID 4, dit liéu dugc ghi timg khéi trén
cac dia thanh vién, cac bit chén 1& duge tinh toan mirc d6 khdi duoc ghi trai déu 1én trén
tat ca cac 6 dia trong mang. Tuong ty RAID 4, khi mot dia bat ky trong méang bi hu hong,
hé thdng van hoat dong binh thuong. Khi thay thé mot dia méi vao mang, cin ctr vao di
liéu trén cac dia con lai, hé théng tai tao thong tin. Hi€u Sut sur dung dia cho cach thiét
1ap nay 1a n-1/n. RAID 5 chi c6 thé dugc thiét 13p bang phan ctng (RAID controller). Co
ché nay khic phuc duoc khuyét diém da néu trong co ché RAID 4.

—
— '< > —

R e
Block 0 Blockl Block2 Block3 P(0-3)
Me— I~ Mee—

B4 B35 B6 P(4-7) B7
Me— I~ e~— Me— Mee—
BS B9 P(8-11) B10 Bl11

| |
Mee——
P(12-
BI2 @2 BI3 Bl4 BI15
| ]
M —
P(16-19) B16 B17 BIS BI0
- —J  J

Hinh V.13: RAID 5

vi). RAID 6: Trong k¥ thuat nay, can c6 n+2 dia trong mang. Trong d6, n dia dit
liéu va 2 dia riéng biét dé luu cac khoi kiém tra. Mot trong hai dia kiém tra dung co ché
kiém tra nhu trong RAID 4&S5, dia con lai kiém tra doc 1ap theo mot giai thuat kiém tra.
Qua do, no6 co thé phuc hdi duge dit liéu ngay ca khi c6 hai dia dir liéu trong mang bi hu
hong.

Hién nay, RAID 0,1,5 duoc dung nhiéu trong cic hé théng. Cac giai phap RAID
trén day (tror RAID 6) chi ddm béo an toan dir licu khi c6 mdt dia trong mang bi hu hong.
Ngoai ra, cac hu hong dir liéu do phan mém hay chu quan ctia con nguoi khong duoc dé
cap trong chuong trinh. Nguoi ding can phai c6 kién thic day da vé hé thong dé cac hé
thong thong tin hoat dong hiéu qua va an toan.

— < 3 — — — h\__/
Block 0 Blockl Block2 Block3 P(0-3) Q(0-3)
e Ne—— —
B4 B5 B6 P(4-7) Q-7 B7
e e
B8 B9 P(8-11) Q(8-11) B10 Bll
B12 P(12-15) QU215 513 e BIS
P(16-19) Q(16-19) Bl6 51 B BT9
- ) —~———

Hinh V.14: RAID 6

skokskokosk
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el

CAU HOI ON TAP VA BAI TAP CHUONG V

LRk

Mo ta van hanh ciia 6 dia ctig. Cach luu trit thong tin trong 0 dia ciing

M0 ta cac bién phap an toan trong vi¢c luu trir thong tin trong dia cling.
Nguyén tic van hanh cua dia quang. Uu khuyét diém cia cac loai dia quang.
Thong thudng cé bao nhiéu loai bus? Tai sao phai c6 cac chuan cho cac bus
vao ra?

Thé nao 1a chi nhan cua bus? Khi bus ¢6 nhiéu chi nhén thi 1am thé nao dé
giai quyét tranh chip bus?

Giai thich viéc ndi rong dai thong bang cach sir dung cac goi tin.

Su khéc biét gitra bd xur Iy vao ra va bo xur 1y trung tdm cua may tinh.
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