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NOQI DUNG

» CHUONG 1: PAI CUONG
Gidi thiéu vé lich sir may tinh, cach phan loai may tinh, hiéu suat may tinh.
Biéu di&n sb nguyén va sb vai dau chim dong.
» CHUONG 2: TAP LENH VI XU LY
Gidi thiéu vé tap 1énh vi xt ly MIPS: céc loai toan hang trong lénh, dinh dang
Iénh, cac dang Iénh khé&c nhau va cach giai md ngbén ngir may.
» CHUONG 3: TO CHUCBQ XU LY
Gidi thiéu khai niém duong dan dix liéu, cach t chic bo tinh toan va luan 1y,
hoat dong cua bo diéu khién chinh. Nguyén ly hoat dong cua k¥ thuat ng dan.
> CHUONG 4: BO NHO
Trinh bay tong quan vé nguyén |y hoat dong caa bd nhé cache: truy cap bo
nhé, xir ly that bai, xir Iy ghi. Cach thirc do luong va phuong phap cai tién hiéu
suat b nha cache.
» CHUONG 5: HE THONG LUU TRU VA NHAP — XUAT
Gidi thidu vé hé théng luu trir va nhap xuat. Cau tao va nguyén ly hoat dong
cua dia tir, bo nha flash. Két ndi gitra bo xu ly, bd nhé va thiét bi nhap — xuat.
Giao tiép thiét bi nhap — xuét véi bo xt Iy, bo nhé va hé diéu hanh.
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CHUONG 1
PAI CUONG

Muc dich: Gidi thiéu tdng quan vé lich st phét trién caa may tinh, cach phan loai
may tinh hién nay. Cach dé danh gia hiéu suat cia may tinh. Sau dé trinh bay biéu
dién s6 nguyén khong dau va c6 diu, cac phép tinh co ban trén s nguyén nay. Trinh
bay cach biéu dién sé vai diu chdm dong, biéu dién ki tu bang bang ma ASCII, bang
ma UNICODE.

1.1 TONG QUAN

Su ra doi cua may vi tinh tao cudc cach mang vi dai trong lich sir van minh nhan
loai. Hé théng may tinh ngay nay c6 thé gilp ching ta c6 nhimg buéc phat trién
manh m&, nang cao nang suét lao dong, tri thirc cling nhu khoa hoc cdng nghé. Mot
cach tong thé, lich sir phat trién ciia may tinh trai qua cac giai doan sau:

> Thé hé may tinh thir nhat (1946 — 1957): thé hé nay duoc dic trung bang ky
thuat éng chan khéng (vacuum tube). Chiéc may vi tinh dau tién ENIAC (Electronic
Numerical Integrator And Computer) do Giao su Mauchly va hoc tro cua 6ng Eckert
tai dai hoc pennsylvania bat dau thiét ké vao nim 1943 va duoc hoan thanh vao nim
1946. Pay 1a mot may vi tinh khong 16 vai chiéu dai 20 mét, cao 2,8 mét, ning lyuc
tinh toan Ia 5000 phép cong trong mét giay.

Gi4o su toan hoc John Von Neumann lan dau dua ra khéai niém chwong trinh
dugc luu trir (stored-program concept) vao nam 1945. Dén nim 1946, 6ng cung cac
ddng nghiép thiét ké may tinh 1AS tai Princeton Institute for Advanced Studies. May
tinh nay gém céc thanh phan: bo nhé dung dé luu trit chung cho ca dit liéu va lénh,
bo s6 hoc — luan ly (ALU) thuc hién phép toan trén dix liéu nhi phan, bo diéu khién
duge dung dé diéu khién thyc thi lénh trong bo nhé va hoat dong cua hé thong
nhap/xuat. Pay 1a mot ¥ twang nén tang cho cac may tinh hién dai ngay nay. May
tinh nay con duoc goi la may tinh Von Neumann.

> Thé hé thtr hai (1958-1964): thé hé nay bat dau bang su thay thé dng chan
khong bang transistor véi wu diém 1a nho hon, gia thanh ré hon, toa nhiét it hon.
Transistor dwgc phat minh bai cong ty Bell Labs vao nim 1947 nhung dén cubi thap
nién 50, médy tinh thuong mai ding transistor mgi xut hién trén thi truong. Ngoai ra,
& thé hé nay cac thanh phan quan trong trong may tinh nhu: bo s hoc — luan ly, bo
diéu khién ciing duoc thiét ké phuc tap hon. Mot s6 ngdn ngit cap cao dugc dung dé
lap trinh nhu: FORTRAN nam 1956, COBOL nam 1959, ALGOL nam 1960) va
phan mém hé théng (system software) trong may tinh ciing duoc gidi thiéu.

> Thé hé tha ba (1965-1971): Thé hé nay bat dau bang sy xuat hién cia mach
tich hop (integrated circuit ). Vi mach nay cho phép dat mot sé transistor trén mot
chip don. Cac mach tich hop voi mat d6 thap (SSI: Small Scale Integration) c6 thé
chura vai chuc linh kién va mach tich hop véi mat d@6 trung binh (MSI: Medium Scale
Integration) chira hang tram linh kién. Do nhiing cai tién Ié6n vé cdng nghé nén céac



may tinh cua thé hé nay tré nén nho hon, nhanh hon va r& hon cic may tinh thé hé
trude d6. Hé diéu hanh va kha niang da 1ap trinh ciing d xuét hién.

> Thé hé tha tu (1972 — ngay nay): thé hé nay danh ddu bang tién bo cua ky
thuat mach tich hgp. Vai su gigi thiéu caa mach tich hop mat d6 cao (LSI: Large
Scale Integration) chira hang ngan linh kién dugc dat trén mot chip don, mach tich
hop mat d¢ rat cao (VLSI: Very Large Scale Integration) cé thé dat hon 10 ngan linh
kién trén mot chip va mach tich hop vai mat do siéu Ion (ULSI: Ultra Large Scale
Integration) c6 thé chita hon mét triéu linh kién. Bac biét thé hé nay c6 sy xuit hién
cua bo nhé ban dan (semiconductor memory) va bo vi xir ly (microprocessor). May
tinh c& nhan PC (Personal Computer) dau tién dd ra doi nhu Kenback-1. Cac ky
thuat cai tién toc do xu ly cua may tinh khéng ngimg duoc phat trién: ki thuat dng
dan, k¥ thuat vo huéng, xtr 1y song song ...

Ngay nay k¥ thuat may tinh duoc st dung trong nhiéu linh vic khac nhau tir cac
thiét bi nhing trong ngdi nha théng minh, dién thoai dén nhitng cac siéu may tinh
(supercomputer). Trong cac thiét bi nay, nén tang phan cing tuy c¢6 khac nhau nhung
mét cach tong quan cd thé phan loai may tinh thanh cac loai nhu sau:

4 May tinh ca nhan (Personal computer - PC): day 1a loai duoc sir dung phd
bién nhat. May tinh c4 nhan dugc thiét ké dé st dung cho muc dich ¢6 nhan c6 hiéu
suat twong ddi tét véi chi phi thap.

&« May chi (Server): day 1a loai may tinh hién dai bao gém cac loai may tinh
I6n (mainframes, minicomputers va supercomputers) va chi dugc truy cap théng qua
mang. Server thuc hién céc ludng cong viéc I6n nhu: cac tng dung tinh todn khoa
hoc va ky thuat hodc xir 1y rat nhiéu céng viéc nhu mot Web server Ion. Miac du
khong duoc goi la supercomputer, nhung cac trung tam dir liu (datacenter) trén
internet dugc dung boi cac cong ty I6n nhu eBay hay Google chira hang ngan bo vi
xtr Iy v&i bo nhé chinh ¢6 dung luong terabyte (1TB = 1024 GB) va hé thong luu trix
lén dén petabyte (1IPB = 1024 TB). Nhitng hé thdng nay bao gom nhiéu cum
(cluster) may tinh lon.

+ May tinh nhing (Embedded computer): duoc ung dung rong l6n nhét trong
hau hét cac linh vuc. Loai nay bao gom cac vi xir Iy gin trong xe hoi, hé théng xu ly
trong dién thoai, cac hé théng xur Iy trong video game hay tivi va hé théng vi xtr ly
trong may bay hay tau thay hién dai. Hé thong nhung nay dugc thiét ké dé chay mot
ting dung hoac mat tap cac ung dung co lién quan, duoc tich hop véi phan cang va
duoc xem nhu mot hé théng don.

1.2 HIEU SUAT (performance)
1.2.1 Dan nhap

Lam sao dé c6 thé do dac, danh gia hiéu suat (performance) va dinh ra dugc
nhiing yéu té quyét dinh dén hiéu suat caa 1 may tinh ? Ly do chinh dé khao sat vé
hiéu suat 1a vi hiéu suit cua phan cimg may tinh thuong 1a yéu t6 mau chét quyét
dinh dén tinh hiéu qua trong hoat dong cual mot hé théng bao gom ca phan cang lan
phan mém. Hiéu suat ludn 1a mot thudc tinh quan trong trong viéc lua chon, mua béan



cac may tinh duoc ca ngudi ban 13n nguoi mua quan tdm! Hiéu suit cang duoc céc
nha thiét ké may tinh (trong d6 ¢ chlng ta) quan tam.

Viéc danh gia hiéu suat may tinh khong hé don gian. Hiéu suat khong chi c6 dugc
do cac cai tién phan cimg ma ciing c6 thé nho vao cac phan mém thdng minh hay ca
hai. Tuy goc d6 tng dung khéc nhau, hiéu suat hoan toan c6 thé duoc danh gia theo
nhitng phuong cach, nhitng chi sé khac nhau. O géc d6 nha thiét ké may tinh (phan
ctirng/phan mém), chdng ta can nam rd: C4c véan dé lién quan dén viéc danh gia hiéu
suit may tinh, hoat dong cua céc thanh phan khac nhau (phan cang/phan mém) va
anh huong cua ching dén hiéu suat. Trong mdi tng dung cu thé, xac dinh phuong
phap danh gia hiéu suat phu hop.

Pinh nghia hiéu sudt: truéc hét ching ta xem xét hai khéi niém lién quan

» Thoi gian dap tng (response time) hay thoi gian thuc thi (execution time), la
thoi gian tir khi bat dau dén khi két thic chuwong trinh. Thoi gian nay bao gom: thoi
gian truy cap dia, thoi gian truy cap bo nha, thoi gian thyce thi CPU,...

= Throughput: 12 tong sb cac chuong trinh thuc thi xong trong mot don vi thoi
gian.

Trudce tién, chung ta danh gia hiéu suat thdng qua thoi gian thuc thi. Cyuc dai hoa
hiéu suat dong nghia véi tdi thiéu hoa thoi gian thuc thi. Quan hé giira hiéu suét va
thoi gian thuc thi & may tinh X sé la:

1
thoi gian thuec thiy

Ta ndi may tinh X c6 hiéu suat cao hon may tinh Y n lan dong nghia véi may tinh

X nhanh hon may tinh Y n lan.

hiéu suity =

hiéu suaty
A x =N
hiéu suaty
Thi dy: néu may tinh A thyc thi chuong trinh mét 10s va may tinh B thyc thi cling
chuong trinh mat15s, A nhanh hon B bao nhiéu 1an?
Ta biét rang A nhanh hon B n 1an néu:

hiéu suit, thoigian thuec thig

T T — =1
hiéu suatg  thoi gian thyc thiy

Do dé: % =1.5 Vay may tinh A nhanh hon may tinh B 1.5 1an

1.2.2 Po dac hiéu suat

Thoi gian dugc sir dung 1am thude do cho hiéu suat may tinh. Tuy nhién thoi gian
& day duoc dinh nghia theo nhiéu céch khac nhau, tly theo muc dich do dac nhu:
thoi gian theo xung nhip (clock), thoi gian thuc thi (execution time), thoi gian troi
qua (elapsed time). Thoi gian thyuc thi chuwong trinh bao gdm thoi gian thyc thi boi
CPU lan cac thiét bi khac (bo nhé, dia cang,v.v...). Bé don gian, ching ta chi gioi
han xem xét d6i véi CPU ma thoi.



C6 thé do dac hiéu suét qua thoi gian thuc thi theo chu ky xung nhip (clock cycle)
va thoi gian chu ky xung nhip (clock cycle time) nhu sau:

Thoi gian thuc thi S6 chu ky xung nhip N Thoi gian chu ky
cua mot chuong trinh cua chuong trinh xuna nhip
hay:
Thoi gian thyc thi _ S0 chu ky xung nhip ctia chwong trinh
cta mot chuong trinh - — tan s6 xung nhip
Vol tan s6 xung nhip (clock xung nhip

(clock cycle).

Thi du: thoi gian thuc thi chuong trinh trén may tinh A, tan sé6 4 GHz, 1a 10s.
Chuing ta mudn thiét ké may tinh B cd thé thuc thi chuong trinh trén trong 6s. Dé dat
duoc diéu ndy, can phai ting tan sé xung nhip cia may B va vi vy sé chu ky xung
nhip thuc thi chuong trinh bi ting 1én 1,2 1an. Hay xac dinh tan sé xung nhip cua
may B?

Pau tién, tinh sé chu ky xung nhip can dé thuc hién chuong trinh trén may A, ta
co:

s6 chu ky xung nhipy

Thoi gian thwe thiy = —— -
& i A tan s6 xung nhip,

s6 chu ky xung nhip,
chu ky
giay
. . _ i chu ky
s6 chu ky xung nhip, = 10 gidy X 4 x 10° e

10 gidy =

4 x 107

= 40 x 10°chu ky

Thoi gian thyc thi trén may B dugc tinh nhu sau:

1.2 X s0 chu ky xung nhip,

Thoi gian thuec thig = % -
tan s6 xung nhipg

1.2 x 40 x 10%chu ky
tan s6 xung nhipg
1.2 x40 x 10°%chuky 8 x 10°chu ky
6 giay - giay

6 giay =

tan s6 xung nhipg = = 8GHz

Do d6, can tang gap ddi tan s6 xung nhip cua may B so v4i may A dé chuong
trinh thyc thi trong 6s.

Ngoai ra, ta cd thé tinh thoi gian thuc thi chuong trinh dya vao chi sé CPI (clock
cycle per instruction): sé chu ky xung nhip trung binh can thiét dé thuc thi mot cau
lénh. Khi d6 s chu ky xung nhip ¢6 thé duoc tinh:

S6 chu ky xung nhip = (s lénh cta chuong trinh) x CPI



Thi du: xét 2 may tinh A va B c6 cung kién trdc tap lénh. May A c6 chu ky xung
nhip 1a 250 ps va dat dugc CPI la 2,0 khi chay chuong trinh P. May B ¢6 chu ky
xung nhip 1a 500 ps va dat dugc CPI bang 1,2 khi chay chuong trinh P. May nao thuc
thi chuong trinh P nhanh hon va nhanh hon bao nhiéu 1an ?

Do 2 may c6 cung kién trac tap 1énh nén sé Iénh thuc thi cua chuong trinh P trén
2 may nay bang nhau. Gia sir goi s 1énh nay 1a I. Ta c6:

S6 chu ky xung nhipa =1 x 2.0
S6 chu ky xung nhipg = 1 x 1.2
Do d6, thoi gian thuc thi trén moi may:
Thoi gian thuc thia = S6 chu ky xung nhipa x thoi gian chu ky xung nhipa
=1x2.0x 250 ps =500 x| ps
Thaoi gian thuc thig =1 x 1.2 x 500 ps = 600 x | ps
Nhu vy, may tinh A nhanh hon la:

hi¢usudt, thoigian thycthis 600 X Ips

= = =1.2
hiéu sudty  thoi gian thwcthiy, 500 X I ps

Dua trén chi sb CPI, ta c6 cong thire tinh thoi gian thuc thi:
Thoi gian thyc thi = s§ 1énh x CPI x thoi gian chu ky xung nhip
hay:

s6 1énh x CPI
tan s6 xung nhip

thoi gian thye thi =

Trong truong hop tap lénh dugc phan chia thanh nhiéu nhém Iénh, khi d6 hiéu
suat 6 thé tinh toan theo nhém lénh nhu sau:

n
s6 chu ky xung nhip = Z(CPIi x Cp)

i=1

Thi dy: xét 1 may tinh c¢6 ddc diém tap lénh nhu sau:

CPI cua nhom Iénh
A B C
CPI 1 2 3

Khi bién dich cung 1 chwong trinh ngudn bang 2 trinh bién dich khac nhau, ta
dugc 2 doan ma lénh nhu sau:

] S6 Iénh cua nhém lénh
Poan ma Iénh
B C
1 2 1
2 4 1 1




Poan ma nao thyc hién nhiéu cau lénh hon ? chay nhanh hon ? Tinh CPI cho ting

doan mé lénh ?

Poan ma 1 thuc hién: 2 + 1 + 2 = 5 Iénh, trong khi doan m& 2 thuc hién la:
4 + 1+ 1 =6 Iénh. Nhu vy, doan ma 2 thyuc hién nhiéu 1énh hon.

Dé tinh s6 chu ky xung nhip cho mdi doan ma dwa vao cong thuc:

n
s6 chu ky xung nhip = Z(CPIi x Cy)
i=1

Do dé:
s6 chu ky xung nhip; = 2x 1)+ (1 x2)+ (2x3)=2+4+2+6 =10 chuky
s6 chu ky xung nhip, = (4 x 1)+ (1x2)+ (1 x3)=4+2+3 =9chuky

Vi thé doan ma 2 thuc hién nhanh hon. CPI ciia mdi doan dugce tinh nhu sau:

_ 56 chu ky xung nhip
B s6 1énh
s6 chu ky xung nhip; 10
CPIL; = : —=—=2
1 s 1énh, 5
s6 chu ky xung nhip, 9
Pl, = - —=—==1.
CPL, so l1énh, 6 >

Mot chi s6 khac ciing duoc dung dé dénh gia hiéu suat, ¢6 1a MIPS (million
instructions per second) dugc xac dinh nhu sau:
s6 1énh
thoi gian thyc thi X 10°

MIPS =

Thi du: ciing véi thi du vira rdi, xét bang sé liéu sau:
S6 lénh (don vi: ty) caa mdi nhom Iénh

Ma Iénh
A B C
Trinh bién dich 1 5 1 1
Trinh bién dich 2 10 1 1

gia str may trén c6 tan s xung nhip 13 4 GHz. Cho biét trinh bién dich nao thuc
thi nhanh hon néu tinh theo thoi gian thuc thi? néu tinh theo MIPS?
Pau tién, tinh thoi gian thuc thi ddi véi mdi trinh bién dich theo cong thuc sau:
s6 chu ky xung nhip
tan s6 xung nhip

thoi gian thyc thi =

VoI

n
s6 chu ky xung nhip = Z(CPIi x Cp)

i=1
s6 chu ky xung nhip; = (5 X1+ 1x2+1x3)x10° =10 x 10°
s6 chu ky xung nhip, = (10 x 1 +1x 2+ 1 x 3) x 10° = 15 x 10°

Vi vay thoi gian thuc thi cua tieng compiler la:



10 x 10°

thoi gian thyc thi; = Tx10° - 2.5 giay
thoi gian thyec thi —15X109—375 i
01 gian thyc thi, = Z——-5- = 3.75 gidy

Dua vao thoi gian thyc thi thi ta thy trinh bién dich 1 tao ra chuong trinh thuc thi
nhanh hon trinh bién dich 2.
Bay gio ta tinh theo MIPS dung cdng thuc:
s6 1énh

MIPS = o1 gian thue thi x 10
MIPS, = (5+1+1)x10° _ 2800
2.5 x 106
(10 + 1+ 1) x 10°
MIPS, = *————— o = 3200

1.3 BIEU DIEN HE SO
Mot s6 ¢6 dang tong quat (dy.1dx....ddo)r va co gié tri:
V =dyg % rk'l + dyp X rk'2 +.. A dixr+do

Véi: k 12 s6 chir s6, r: hé s6 (r = 2: hé nhi phan, r =10: hé thap phan,...), d 1a gia
tri caa chit so.

Vi du: biéu dién sb (1011),

(1011),=1x23+0x2%+1x2"+1
biéu dién sb (517)10
(517)10 = 5x10°+1x10%+7

> Chuyén tir hé nhi phan sang hé thap phan:

Dé chuyén mot sb nhi phan sang sé thap phan thi sb thap phan tuong tung duoc
xéc dinh bang (dn1 % 2" +...+ (dy x 2Y) + do

Vi du: (10011101), = 2/+2*+23+2%+1 = 157

> Chuyén tir hé thap phan sang hé nhi phan:

Dé doi sd thap phan sang s6 nhi phan, thuc hién vong lip phép chia nguyén s
thap phan cho 2 dén khi nao thuong sé bang 0 thi két thuc. Khi d6, cac sé du cua
phép chia chinh 12 s6 nhi phan can tim (ghi két qua theo thir ty tir dudi 1én trén).

Vi du: d6i s6 37 sang sb nhi phan

Chia Thuong s6 S6 du
37/2 18 1
18/2 9 0
9/2 4 1
4/2 2 0
2/2 1 0
12 0 1

Két qua: 37 = (100101),



> Chuyén tir hé nhj phan sang hé thap luc phan (hexadecimal):
Hé thap luc phan str dung 16 ki s6: 0 — 9, A — F. Bang 1.1 thé hién sb tuong ung
gitra s6 nhi phan, s6 thap phan va sé thap luc phan.
Bang 1.1: S6 nhi phan, thap phan va thap luc phan

Hé nhi phan Hé thap phan Hé thap luc phan
0000 0 0
0001 1 1
0010 2 2
0011 3 3
0100 4 4
0101 5 5
0110 6 6
0111 7 7
1000 8 8
1001 9 9
1010 10 A
1011 11 B
1100 12 C
1101 13 D
1110 14 E
1111 15 F

Pé chuyén doi sé nhi phan sang sb thap luc phan thi mdi chit sb thap luc phan s&
tuong tng Vi 4 bit caa sb nhi phan.
Vi du: d6i s nhi phan sau sang s6 thap luc phan:
11101011 0001 0110 1010 0111 1001 0100
nhom 4 bit twong tng tir phai sang trai twong wng véi cac chir s thap luc phan nhu
sau:

E B 1 6 A 7 9 4
1110|1011 ( 0001 | 0110|1010 | 0111 (1001 | 0100

Két qua: (1110 1011 0001 0110 1010 0111 1001 0100), = (EB16A794)46

> Chuyén tir hé thap luc phan sang hé thap phan:

Pé chuyén mot sé thap luc phan sang sb thap phan thi sé thap phan twong ung
duoc xac dinh bang (dn.g x 16™%) + (dyo x16™2) +...+ (dy x 16%) + do
Vi du: d6i s6 (3BA4);6 sang s6 thap phéan

(3BA4)6 = (3 x 16°) + (11 x 16°) + (10 x 16%) + 4 = 15268

> Chuyén tir hé thap phan sang hé thap luc phan:

Dé d6i s6 thap phan sang sb thap luc phan, thuc hién vong lap phép chia nguyén
s6 thap phéan cho 16 dén khi nao thuong s6 bang 0 thi két thiic. Khi do, cac sé du cua
phép chia chinh 12 s thap luc phan can tim (ghi két qua theo thir ty tir dudi 1én trén).
Vi du: d6i s6 (422)1 sang s thap luc phan
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Chia Thuong s6 S6 du
422/16 26 6
26/16 1 A

1/16 0 1

Két qua: (422)10 = (LAB) 16
1.4 BIEU DIEN SO NGUYEN
1.4.1 Biéu dién sb6 nguyén khong dau

Tat ca cac sb ciing nhu cac ki tu trong may vi tinh déu duoc biéu dién bang cac
chit s6 nhi phan. Bé biéu dién céc sé nguyén khong diu, nguoi ta dung n bit. Twong
g vé6i d6 dai cua sd bit duoc sir dung, ta cd cac khoang gia tri xac dinh nhu sau:

S6 bit Khoang gia tri
n bit 0..2"-1

8 bit 0...255

16 bit 0.. 65535

1.4.2 Biéu dién sb6 nguyén c6 dau

> Biéu dién bang d4u va trj tuyét doi (Sign-Magnitude Representation)

Dé biéu dién sé nguyén c6 dau n-bit c6 dang an-1an.2...a:18o thi st dung bit trai nhat
(an-1) 1am bit dau. Bit ddu bang 0 thé hién sb duong va bang 1 thé hién s6 am. Gia tri
dugc thé hién bang n — 1 bit con lai. Biéu dién s6 +18 va —18 nhu sau:

+18 = 00010010
—18=10010010
S6 nguyén can biéu dién c6 thé duoc xac dinh theo cong thuc sau:

n—2 .

Ezia‘; ifﬂn,I =0

=0

A= n—2 ‘

—Ezfai ifan_l - 1
i=0

Phuong phép nay gy ra hai kho khan cho tinh toan. Tht nhat, khi phai thuc hién
cac phép cong va phép trir thi can phai luu y dén dau va do 16n caa hai s6 dé thuc
hién chinh xé&c. Thi hai, theo phuong phap nay thi s 0 c6 hai cach biéu dién:

+0 = 00000000
—0 = 10000000

Diéu nay gay ra kho khan khi phai xir 1y cac phép tinh ddi véi s6 0. Do vay
phuong phap biéu dién nay it dugc sir dung trong bo phan ALU cua vi xt Iy.

> Biéu dién bang bu 2

Gidng nhu phuong phap biéu dién dau va tri tuyét ddi, & phuong phap nay ciing
ding bit trai nhat (leftmost) dé xac dinh s6 am hay sé dwong. Néu bit nay biang 0 biéu
dién sé duong, nguoc lai bit nay bang 1 biéu dién s am.



Gia sir biéu dién sb nguyén A bang n-bit (a-1an-2...a180), néu A >= 0 thi bit an.
bang 0, cac bit con lai s& thé hién d6 16n cua sé A. Trong trudng hop ndy cac s6 dugc
biéu din tir 0 dén 2" —1. Bdi vai s6 0 thi chi c6 mot cach bidu didn duy nhét, do 1a
tat ca cac bit déu bang 0.

Trong trudng hop A < 0, dé biéu dién bang bu 2 trude tién liy bu 1 (dao nguoc
cac bit) cua gia tri A. Sau d6 14y két qua bu 1 vira tim duoc cong véi 1 s& dugc sé bl
2. Vi du: dung 8 bit dé biéu dién —20 bang phuwong phap bu 2.

20 =00010100
liay bu1 = 11101011
+ 1

11101100 (bii 2)

Déi voi truong hop sé am thi phuong phap nay biéu dién duoc cac sé am tir —1
dén —2"* néu dung n-bit. Trong truong hop tdng quét (sé dwong va sé &m) thi cong
thire dé xac dinh gid tri caa s6 A nhu sau:

n—2

A= -2""1q,  + D2
i=0

Véi bit an.1 = 0 néu biéu didn sé duong va a1 = 1 néu biéu dién s am.

Dé thuc hién phép tinh A — B chi can ldy b 2 cua B, sau d6 cong két qua vai A.
Phuong phap nay c6 uu diém la thuc hién cac phép cong va phép trir tuong d6i don
gian. Hon nira, chi c6 mot biéu dién duy nhét di véi sé 0 nén thudng duoc sir dung
trong ALU cua vi xu ly.

> Biéu dién bang sé thira K:

Trong cach nay, biéu dién cia mot sé duong N c6 duoc bang cach “cong thém
vao” sb thira K duoc chon sao cho tong ciia K va mot s6 am bat ky ludn luén dwong.
Dé biéu dién sb am — N ¢6 dugc bang cack lay K — N.

S thira K dugc chon nhu sau: K = 127 (néu dung 8 bit) hoac K=1023 (16 bit)

Vi du: biéu dién s6 +30 va — 30 bang phuong phép s thira K ding 8 bit

Biéu dién s6 +30: K+30 = 127+30 = 157 (10011101)

Biéu dién s6 — 30: K-30 = 127-30 = 97 (01100001)

1.5 CAC PHEP TINH TREN SO NGUYEN

Céc phép tinh nay duoc thyc hién trén sé nguyén duoc biéu dién bang phuong
phéap bu 2

» Phép cong:

Phép cong hai sé nguyén duoc biéu dién bang phuong phap bu 2 dung 4 bit thé
hién ¢ bang 1.2. Trong d6 bon trudng hop dau tién phép cong cho két qua dang, co
thé xuat hién bit nh¢ (duoc t6 dam) nhung c6 thé bé qua. Hai trudng hop cudi két
qua sai do hién tuong tran (overflow) xay ra. Khi hién tuwgng nay xay ra thi bo vi xur
ly s& phét ra tinh hiéu tran dé béo khdng thé st dung két qua nay duoc. Hién tuong
tran xay ra khi thuc hién phép cong gitra hai s6 duong hoac giira hai sé6 &m ma bit
dau o két qua trai nguoc véi voi bit dau caa hai s6 hang. Bit nhé (carry) cé thé xuat
hién hodc khong trong truong hop tran xay ra.
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Bang 1.2: Phép cong 2 sé duoc biéu dién bang phuong phap bu 2

1001 = —7 1100 = —4
+0101 = 5 40100 = 4
1110 = —2 10000 = 0
(@) (—=7) + (+5) (b) (—4) + (+4)
0011 = 3 1100 = —4
+0100 = 4 +1111 = —1
0111 = 7 11011 = —5
() (+3) + (+4) @4+
0101 = 5 1001 = —7
+0100 = 4 +1010 = —6
1001 = Overflow 10011 = Overflow
(e) (+5) + (+4) ) (=7) + (—6)

»  Phep tru:

Dé thyc hién phép tinh A — B chi can lay bu 2 ciia B, sau d6 cong két qua véi A.
Bang 1.3 minh hoa phép trir hai s6 duoc biéu dién bang phuong phap bu 2 ding 4
bit. Ciing twong ty nhu phép cong: bén trudng hop dau phép trir cho két qua ding
nhung hai truong hop cudi két qua bi sai do hién twong tran xay ra. Cach xéac dinh
hién tuong tran xay ra ciing giéng nhu & phép cong.

Bang 1.3: Phép trir 2 s6 (M—S) duoc biéu dién bang bu 2

0010 = 2 0101 = 5
+1001 = =7 +1110 = =2
1011 = =5 10011 = 3
(a) M = 2 = 0010 (by M = 5 = 0101
s =7 = 0111 s =2 = 0010
-5 = 1001 -5 = 1110
1011 = =5 0101 = 5
+1110 = =2 +0010 = 2
11001 = =7 0111 = 7
(¢c) M = =5 = 1011 (dy M = 5 = 0101
S = 2 = 0010 s = =2 = 1110
—5 = 1110 —5 = 0010
0111 = 7 1010 = —6
+0111 = 7 +1100 = —4
1110 = Overflow 10110 = Overflow
(e) M= 7 = 0111 (£y M = —6 = 1010
s = =7 = 1001 s = 4 = 0100
-5 = 0111 -5 = 1100
» Phép nhan:

Phép nhan thi phuc tap hon so vai phép cong va phép trir. Bé nhan hai s6 nguyén
¢6 dau duoc biéu dién bang bl 2 ta str dung giai thuat Booth. Giai thuat nay dugc thé

hién ¢ hinh 1.1
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Trong giai thuat nay cac sb bi nhan (multiplicand) va s nhan (multiplier) dwoc
dua vao cac thanh ghi M va Q tuong ung. Q-3 la thanh ghi 1-bit ghép vao bén phai
cua thanh ghi Q. Két qua cua phép nhan nam trong thanh ghi A va Q. Céc thanh ghi
A va Q_; dugc khai tao bang 0. Gid tri n 12 sé bit dugce dung dé biéu dién s6 bi nhan
va s6 nhan. Phép nhan hai sb n-bit thi két qua s& co do dai la 2n bit.

START |

Y

Ae—0,Q_;« 0
M < Multiplicand
Q «— Multiplier

Count <« n

= 10

Y

r g

Qﬂa

I A« A-—-NM |

b

b

No

Arithmetic shift

Right: A, Q. Q_, ~
Count «— Count — 1

l

Yes

Count = 02 END

Hinh 1.1: Giai thuat Booth

Vi du phép nhan 7 x3bang giai thuat Booth nhur sau:

A Q Qi M

0000 0011 0 0111 Khoi tao

1001 0011 0 0111 A—A-M Lin lap 1

1100 1001 1 0111 Dich '

1110 0100 1 0111 Dich Lan lap 2

0101 0100 1 0111 A—A+M Lin lip 3

0010 1010 0 0111 Dich '

0001 0101 0 0111 Dich Lan lap 4
» Phép chia:

Déi vai s6 nguyén duong, phép chia duoc thyc hién theo giai thuat sau:
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START

A0

M « Divisor
Q) «— Dividend
Count < n

Qy

A<D?

—h-—ICuunt & Count — 1 |-1—

No

Yes N
Count = 07 = END Quotient in Q
Remainder in A

Hinh 1.2: Giai thuat thuc hién phép chia

Céc thanh ghi M chira s6 chia (divisor) va Q chira sé bi chia (dividend). Khai tao
thanh ghi A chira 0 va sé lan Iap cua giai thuat bang n (n 1a s6 bit biéu dién sb chia va
s6 bi chia). Giai thuat két thic véi thuong sé chira trong Q va sé du chira trong A.
Xem vi du phép chia hai s6 duong (7/3) bang giai thuat nay nhu sau:

A Q

0000 0111 Khai tao

0000 1110 Dich

1101 Dung bl 2 cua 0011 dé trir
1101 Trir

0000 1110 Luu lai, thiét 1ap Qp= 0
0001 1100 Dich

1101

1110 Trir

0001 1100 Luu lai, thiét 1ap Qp= 0
0011 1000 Dich

1101

0000 1001 Trir, thiét 1ap Qo= 1
0001 0010 Dich

1101

W Tru

0001 0010 Luu lai, thiét 1ap Qp= 0
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Mot cach tong quat (phép chia sé c6 dau) ta ¢ cong thirc thé hién quan hé giita s6
bi chia (D), s6 chia (V), thuong s6 (Q) va s6 du (R):
D=QxV +R
Xem vi du phép chia c¢é dau trong cac trudng hop sau:

D=7 V=3 = Q=2 R=1
D=7 V=-3 = 0=-2 R=1
D=-7 V=3 = Q0=-2 R=-1
D=-7 V=-3 = Q=2 R=-1

Nhu vay, gié tri tuyét d6i cia Q va R khong phu thudc vao dau cia D va V nhung
dau cia Q va R c6 thé xac dinh nhu sau:

= diu (R) = ddu (D)

= déu (Q) = ddu (D) x diu (V)

Nhu vay dé thuc hién phép chia vai s6 nguyén cé dau, trude tién ta chuyén tat ca
(s6 chia va sb bi chia) vé s6 duong twong (ng. Sau dé thuc hién phép chia cac sé
khong dau theo giai thuat trén. Cudi cing dya vao quy tac xét dau dé lay két qua
dang.

1.6 BIEU DIEN SO VOI DAU CHAM PONG

Xét s6 véi dau cham dong 18.625 c6 thé duoc viét theo cac cach sau:
18.625 x 10% 1.8625 x 10*; 0.18625 x 10%;...

S6 nay twong ung véi s6 nhi phan 10010.101 va ciing duoc viét theo nhiéu cach:
10010.101 x 2°% 1001.0101 x 2%; 100.10101 x 2% 10.010101 x 2°; 1.0010101 x 2%...

Pé thuan tién trong viéc luu trir va so sénh giira cac s6, so nhi phan s& dugc chuan
hoa vé dang sau:

+1.bbb..bx2*F

Véi b 1a s6 nhi phan (0 hoic 1) va E 1a phan mii. Nhu vay dé luu trir s6 véi dau
cham dong ta can luu ba thanh phan sau:

= Phan d4u (dwong hoic &m)

= Phan dinh tri

=  Phan mii

Pé Iuu trit ba thanh phan trén thi tiéu chuan duogc st dung phd bién trong khoa
hoc may tinh d6 la tiéu chuan IEEE 754. Tiéu chuan nay dua ra viéc luu trir s6 voi
dau cham dong theo d6 chinh xac don (dung 32 bit) va do chinh xac kép (64 bit).

«» DO chinh xac don 32 bit duoc xac dinh nhu sau:

Bit

\ [ Phan ma Phan dinh trj
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Trong do:

—  Bit dau (1 bit) bang 0 biéu dién s duong, bang 1 biéu dién s6 &m

— 8 hit tiép theo biéu di&n phan mi véi gié tri cua trudng nay bang 127 + E
— 23 bit con lai thé hién phan dinh tri

D3 chinh xac kép 64 bit dugc xac dinh nhu sau:

Bit
dau
a — 11bit 52bit .
} ‘ Phan mii Phan dinh trj
Trong do:

—  Bit dau (1 bit) bang 0 biéu dién s duong, bang 1 biéu dién s6 &m
— 11 bit tiép theo biéu dién phan mii véi gia trj cia truong ndy bang 1023+ E
— 52 bit con lai thé hién phan dinh tri
Vi du: hdy biéu dién 18.625 dudi dang chuan IEEE 754 chinh x4c don?
o Budc 1: chuyén 18.625 sang s6 nhi phan 12 10010.101
o Budc 2: chuan héa thanh 1.0010101 x 2*
o Budc 3: xac dinh gi4 tri 11 bit phan mii bang: 127 + 4 = 131 (10000011) va
dién gié tri trong tng ting thanh phan
0, ‘1ooo'oo11, \oo1o1o1ooooc')ooooooooooo,
NN N

bit déu phan md phan dinh tri

1.7 BIEU DIEN KI TU

Trong cac hé théng may tinh khac nhau, c6 thé sir dung cac bang ma khac nhau:
standard ASCII, extended ASCII, UNICODE,....C4c h¢ thong trude day thuong dung
bang ma ASCII (American Standard Codes for Information Interchange) tiéu chuan
dé biéu dién cac chit, sé va mot sb dau thuong ding ma ta goi chung la ky tu. M&i ky
tu duoc biéu dién bai 7 bit trong mot Byte. V&i bang ma extended ASCII thi biéu
dién mai ki tir bang 8 bit. Hién nay, mot trong céc bang ma thong dung dugc ding l1a
Unicode thi mdi ky tu duoc ma hoa béi 2 Byte.
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00 NUL[10 DLE [20 SP[30 O [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 ¢ |73 s
04 EOT |14 DC4 |24 $ [34 4 |44 D |54 T [64 d |74 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 V |66 f |76 Vv
07 BEL |17 ETB |27 ' [37 7 [47 G [57 W |67 g |77 w
08 BS |18 CAN[28 ( |3 8 [4 H [58 X |68 h |78 x
09 HT [19 EM [29 ) [39 9 [49 I [59 Y [69 i |79 vy
0OA LF [1A SUB|2A * [3A : [4A J [5A Z |[6A j |7A z
OB VT |[1B ESC |[2B + |3B ; |4B K |5B [ |6B k|7B {
0OC FF |1C FS [2C ~ [3C < [4C L [5C \ [6C I [7C |
OD CR |[1D GS |[2D - [3D =[4D M |5D ] |6D m|7D 1}
OE SO |1E RS |2E . |3E > |4E N |5E ~ |6E n |7E -~
OF Sl 1IF US [2F / [3F ? |4F O |5F _ |6F o |7F DEL
Bang ma ASCII
1.8 TOM TAT

Trong chuong nay gidi thiéu vé bdn giai doan phét trién cua may tinh. Céch tiép
can dé phan loai may tinh hién nay. Banh gia hiéu suat cua may tinh thdng qua thoi
gian thuc thi. Ngoai ra hiéu suat cia may tinh con duoc do dat thong qua chi sé
MIPS. Tiép theo trinh bay cong thirc tong quat dé biéu dién mot sb, cac cach dé
chuyén dbi mot sé tir hé nhj phan sang hé thap phan, hé thap luc phan va nguoc lai.
Biéu dién sb nguyén c6 dau bang hai phuong phap khac nhau: phuwong phap dau va
trj tuyét d6i, phuong phap bu 2. Trinh bay cach thyc hién phép tinh cong va phép trir
cac sd nguyén c6 dau duoc biéu dién bang bu 2. Céc giai thuat dé thuc hién phép
nhan va phép chia cac sé nguyén co6 dau. Biéu dién sb véi diu chim dong theo tiéu
chuan IEEE 754 véi d6 chinh xac don (32 bit) va d chinh xac kép (64 bit). Cudi
cuing trinh bay cach biéu dién ki ty bang bang ma ASCII va bang ma UNICODE.
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CAU HOI VA BAI TAP CHUONG 1

1. May tinh duoc phan thanh may loai?
2. Dinh nghia hiéu suat may tinh?
3. Cong thirc biéu didn mot s6 tong quat?
4. Céch chuyén mot sb nhi phan sang sb thap phan?
5. Céch chuyén mot sb thap luc phan sang sé thap phan?
6. Hay tinh MIPS cua hai may tinh véi sb liéu nhu sau:
May tinh A May tinh B
S6 lénh 10 ty 8ty
Ty s6 xung nhip 4 GHz 4 GHz
CPI 1.0 1.1
7. Cho biét 3 bo xtr Iy P1, P2, P3 thuc thi cuing tap 1énh véi tan s xung nhip (clock
rate) va CPI dugc cho nhu sau:
Bo xu ly Tan sb xung nhip CPI
P1 3 GHz 15
P2 2.5 GHz 1.0
P3 4 GHz 2.2
a. Hay tinh MIPS caa mdi bo xt Iy.
b. Gia sir mdi bo xtr ly thuc thi chuong trinh trong 10s. Hay tinh sé chu ky xung
nhip va sb 1énh?
8. Cho biét 2 bo xur ly thyc thi cing tap 1énh véi s6 liéu nhu sau:
Tan s6 xung nhip | CPI16p A | CPI16pB | CPIIsp C | CPIlop D
P1 2.5 GHz 1 2 3 3
P2 3 GHz 2 2 2 2

Thyc thi mot chuong trinh ¢6 10° 1énh véi 10% I6p A, 20% Iép B, 50% Iép C va
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20% I6p D.

a. Tinh s6 chu ky xung nhip cho mdi trudong hop?

b. Tinh CPI tong (global CP1) dbi v&i mdi truong hop?
c. Bo xur ly nao thuc thi nhanh hon?

Cho sé Iénh ctia mot chuong trinh nhu sau:

Lénhsé | Lénh store | Lénhload | Lénh diéu kién Tong

hoc
a. 650 100 600 50 1400
b. 750 250 500 500 2000

a. Gia s 1énh s6 hoc can 1 chu ky, 1énh load va store can 5 chu ky, lénh branch
can 2 chu ky. Tinh thoi gian thyc thi ciia chwong trinh voi b xir Iy ¢6 tan s6 2
GHz?



10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

20.
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b. Tinh CPI cta chuong trinh?

Doi s6 78.625 sang s6 nhi phan ?

Déi s6 nhi phan 01011101001, sang hé sb 8 (Octal) va hé sé 16 (Hexadecimal)?
Dung cach biéu din bang tri tuyét ddi va diu, hay biéu dién cac sé + 125, — 45
dung 1 byte (8 bit)?

Dung céch biéu dién bang s6 b 2, hay biéu dién cac sé — 127, — 11 dung 1 byte
(8 bit)?

S6 nhi phan 8 bit (11001100)s, s6 ndy tuong ung Voi sb nguyén thap phan c6
du 1a bao nhiéu néu dugc biéu dlen bang dau va tri tuyét dol'7

S6 nhi phan 8 bit (10010011),, s6 ndy tuong ung Voi s nguyén thap phan co
du 1a bao nhiéu néu duoc biéu dién bang so bu 2?

Hay thyc hién phép tinh nhi phan dé tinh tong hai s6 — 25 va 60 vai hai s6 nay
duoc biéu dién bang b 2 (dung 8 bit)?

Hay thyc hién phép tinh nhi phan dé thyuc hién phép trir: 45 — 11 véi hai s6 nay
duoc biéu dién bang b 2 (dung 8 bit)?

Dung giai thuat Booth dé thyuc hién phép nhan — 4x2 néu hai sé nay dugc biéu
di&n bang bu 2 (dung 4 bit). Hay cho biét két qua caa phép nhan nay?

Dung giai thuat chia hai s6 d¢ thuc hién phép chia 7/2. Hay cho biét thuong s6
va s6 du? Gia st hai s6 nay duoc biéu dién bang bu 2 (dung 4 bit).

Hay bién doi sb thap phan — 25.75 sang s6 chim dong chuan IEEE 754 chinh
xac don (32 bit)?



CHUONG 2
TAP LENH VI XU LY

Muc dich: Gigi thiéu vé tap lénh vi xir Iy MIPS bao gom céc 1énh sé hoc — luan
ly, 1énh truyén dix liéu, 1énh r& nhanh....Cac kiéu todn hang khac nhau duoc st dung
nhu: toan hang thanh ghi, toan hang bo nh¢ va toan hang truc tiép. Ba dinh dang Iénh
co ban cia MIPS nhu: R-format, I-format va J-format. Cach chuyén tir mét Iénh vi
xt ly MIPS sang ma may.

2.1 GIOI THIEU

Chuong nay sé& gigi thiéu vé tap Iénh cuaa vi xu ly, 1a ngdn ngir ma may c6 thé hiéu
va thuc hién chuong trinh. Kién trdc tap lénh dwoc tim hiéu & chuong nay tap trung
vao vi xt ly MIPS (Microprocessor without Interlocked Pipeline Stages). Vi xu ly
MIPS duoc phat trién boi cong ty MIPS Technologies vao nhitng nam dau thap nién
80. Pay 1a vi xur ly thudc kién tric RISC (Reduced Instruction Set Computer). So véi
kién tric CISC (Complex Instruction Set Computer) ma dai dién la cac dong vi xu ly
x86 cuia hang Intel thi kién tric RISC c6 cac lénh don gian va s lwong lénh it hon.
Vi vdy, RISC thuong chay nhanh hon RISC do kién trdc nay c6 thiét ké don gian.
MIPS la vi xtr 1y 32 bit, sau d6 dugc mo rong thanh vi xir ly 64 bit.

2.2 TOAN TU (operation)

Phép todn co ban trong may tinh d6 1a cac phép toan sé hoc, xem biéu dién cua
phép toan cong hai s6 thé hién trong kién tric MIPS nhu sau:

ADD a, b, c

phép toan nay thé hién cong b vai ¢ va két qua luu vao a. Trong kién triic MIPS
cac phép toan sé hoc nhu thé nay thuong bao gém ba toan hang: mot toan hang dich
dung dé chtra két qua va hai toan hang ngudn. Mot vi du khac, dé tinh tong caa bbn
bién b, c, d, e va két qua luu vao a. Ta ¢ chudi cac lénh dé thuc hién nhu sau:

ADD a, b, c # tinh téng b+cvalvuvaoa
ADD g, a,d # tinh téng cua b+c+d va luu vao a
ADD g, a, e # tinh téng cua b+c+d+e va luu vao a

Nhu vay dé cong bon bién thi ta can sir dung dén ba lénh may. Ki hiéu # 1a ding
dé cha thich trong MIPS dé ngudi doc dé hiéu, khi bién dich may sé bo qua céac chu
thich nay.

Trong kién tric MIPS str dung 32 thanh ghi, cac thanh ghi nay c6 cung do dai 32
bit. Khong gian dia chi trong bd nhé ciing str dung 32 bit. Bang 2.1 thé hién cac
thanh ghi va khéng gian b nhé.
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Bang 2.1: Cac thanh ghi va dia chi bd nhé trong MIPS

S6 Tén Y nghia

$0 $zero Héang sé 0

$1 Sat Assembler Temporary

$2-%33 $vO-$v1 Gia tri trd vé cla ham hoac biéu thirc

$4-87 $a0-$a3 Cac tham sb clia ham

$8-$15 $tO-$t7 Thanh ghi tam (khong gilr gia tri trong qua trinh goi ham)
$16-$23 $s0-$s7 Thanh ghi lwu triv (gitr gia tri trong sudt qua trinh goi ham)
$24-%25 $t8-5t9 Thanh ghi tam

$26-27 $kO-$k1 Dw trir cho nhan HBH

$28 $ap Con tré toan cuc (global pointer)

$29 $sp Con tré stack

$30 $fp Con tré frame

$31 $ra Dia chi tra vé

Cac lénh trong kién trac MIPS dugc chia thanh 5 loai: 1énh s6 hoc, 1énh truyén dit
liéu, 1énh luan ly, 1énh nhay c¢6 diéu kién va lénh nhay khong diéu kién.

Bang 2.2: Tap Iénh vi xtr ly MIPS

Danh muc | Lénh Vidu Y nghia
Add ADD $s1,$52,$s3 | $s1=$52+%$s3
Lénh s6 hoc | Subtract SUB $s1,$52,$53 | $s1=$s2—$s3
Add immediate ADDI $51,$52,20 | $s1=$s2+20
load word LW $s1,20($s2) | $s1=Memory[$s2+20]
store word SW $s1,20($s2) | Memory[$s2+20]= $s1
. .| load half LH $s1,20($s2) | $s1=Memory[$s2+20]
Lénh truyen
dit licu store half SH $s1,20($s2) Memory[$s2+20]= $s1
' load byte LB $51,20($s2) $s1=Memory[$s2+20]
store byte SB $s1,20($s2) Memory[$s2+20]= $s1
load upper immed | LUI $51,20 $s1=20*2"°
and AND $51,$52,$s3 | $s1=$52 & $s3
or OR $s1,$s2,$s3 $s1=$s2 | $s3
i i nor NOR $s1,$s2,$s3 | $s1=~($s2 | $s3)
L¢nh/luan and immediate ANDI $51,$52,20 | $51=%$s2 & 20
ly h _
or immediate ORI $s1,$s2,20 $s1=%s2 | 20
shift left logical SLL $s1,$s2,10 $s1=$s2<<10
shift right logical SRL $51,$s2,10 | $s1=$s2>>10
Lénh rg branch on equal BEQ $s1,$s2,25 | if($s1=$s2) PC + 4 + 100
nhanh diéu | branch on not equal | BNE $51,$52,25 | if($51!=$s2) PC + 4 + 100
kién set on less than SLT $s1,$52,$s3 | if($s2<$s3) $s1=1; else $s1=0
Lénhré | jump J 2500 chuyén dén 10000
nhéanh khong | jump register JR $ra chuyén dén $ra
diéukién | jump and link JAL 2500 $ra=PC+4; chuyén dén 10000
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2.3 TOAN HANG (operand)
2.3.1 Toan hang thanh ghi

S6 toan hang trong cac lénh luan 1y duoc giGi han 1a ba, c4c toan hang nay thdng
thuong la cac thanh ghi caa vi xtr Iy MIPS. Cac thanh ghi nay c¢6 d6 dai la 32 bit.
Mot tir (word) trong bo nhé cling ¢6 d6 dai 32 bit.

Vi du: viét cac 1énh MIPS thé hién cau lénh sau

f=(@+h)—@+)

giasu f, g, h, i, vaj lan lugt dugc luu trong $s0, $s1, $s2, $s3 va $s4

Dé thuc hién cac phép tinh trén ta dung hai thanh ghi $t0 va $t1 luu gui két qua
trung gian

ADD $t0, $s1, $s2

ADD $t1, $s3, $s4

SUB $s0, $t0, $t1
2.3.2 Toan hang bd nhé

Dbi vai nhitng kiéu dit liéu don thi ¢6 thé chira trong thanh ghi nhung véi nhiing
dir liéu ¢ cau tric nhu mang thi phai dugc luu trong bd nhé. Khéc véi thanh ghi,
khong gian bo nhé 16n nén c6 thé chua rat nhiéu dit liéu.

Toan hang trong cac lénh sé hoc va luan ly chi 1a nhimg thanh ghi. Do d6 dé thuc
hién céc phép toan nay trén dir liéu bo nha thi phai c6 1énh truyén dit liéu tir bo nhé
vao thanh ghi. Lénh nay chinh 1a 1énh load c6 tén cu thé trong kién tric MIPS 1a 1énh
LW (load word).

3 100

2 10
1 101
0 1
Address Data
Processor Memory

| |
Hinh 2.1: bia chi 6 nhd va dit liéu twong tng

Céc phan tir cuia mang duogc luu lién tiép trong bo nhg, vi du mot mang A chaa
100 phan tir (mdi phan tir 1a mot tir - word). Gia sir dia chi cia mang duoc luu trong
thanh ghi $s3 va céc bién g va h lan luot dugc Iuu trong $s1 va $s2. Ta can thuc hién
phép géan sau:

g=h+A[g]
Phép toan cong trén bao gom mat toan hang thanh ghi va mét toan hang bo nhé
nhung 1énh add thi chi thuc hién trén toan hang thanh ghi. Do d6, dau tién phai thuc
hién dua dit liéu tir b nhé vao mot thanh ghi tam nao d6. Do mdi word chiém 4 byte
dir liéu nén dé truy xuit dén A[8] can phai cong thém 32 (8 x 4) vao dia chi mang
(Gia str chi s6 phan tir dau tién ctia mang bat dau tir 0).
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LW $t0, 32($s3) # gan gid tri A[8] vao thanh ghi tam $t0
lénh nay thyuc hién 1ay ndi dung mot tir (word) tai dia chi [$s3 + 32] luu vao thanh
ghi $t0. Thanh ghi chira dia chi mang $s3 duoc goi la thanh ghi co so (base register)
va gi4 tri 32 dé xac dinh phan tar mang duoc goi 1a do doi (offset). Cudi cung thuc
hién phép cong va gan két qua.

ADD $s1,$52,$t0 #g=h+A[8]

Trai ngugc véi 1énh load la 1énh store, 1énh nay sé chép dir liéu tir thanh ghi vao
bo nhd. Vi du xét mot mang A nhu vi du trén véi dia chi mang dugc luu trong $s3 va
ndi dung ciia bién h duoc Iuu trong $52. Thuc hién phép toan sau day:

A[12] = h + A[8]

Trudéc tién lay noi dung A[8] tir bo nhd luu vao mot thanh ghi tam, sau d6 thuc hién
phép toan cong:

LW $t0, 32($s3) # luu A[8] vao thanh ghi tam $t0

ADD $t0, $s2, $t0 #h+ A[8] luu vao $t0

Cubi cung luu két qua vao phan tir A[12] trong bd nhé bang cach ding lénh store
ma Iénh nay thé hién trong MIPS 1a SW (store word). Bé xac dinh phan tar A[12] cua
mang thi do doi (offset) twong tng 1a 48 (4 x 12).

SW $t0, 48($s3) # luu h + A[8] vao A[12]

Do sé lugng thanh ghi trong vi xa Iy ¢6 gigi han nén nhitng dit liéu nao duoc
dung thuong xuyén s€ dugc uu dua vao thanh ghi, con nhitng dit liéu khac it sir dung
hon s€ dugc luu vao b nhd. Hon nira, truy cap dit li¢u trong thanh ghi nhanh hon va
tidu tén it nang lwong hon trong bd nhé. Do d6 dé dam bao hiéu qua cao, trinh bién
dich phai biét cach sir dung thanh ghi mét cach hiéu qua.

2.3.3 Toan hang truc tiép (immediate operand)

Toan hang truc tiép con duoc goi 1a toan hang hang (constant operand) duoc st
dung thudng xuyén trong cac phép toan. Dién hinh 12 st dung dé tré dén phan tu tiép
theo trong mot mang. Theo théng ké thi ¢6 hon mot nira cac lénh c6 sir dung toan
hang truc tiép. vi du nhu khi thuc hién phép cong véi mot hing sé ta st dung lénh
ADDI (add immediate)

ADDI $s3, $s3, 4 # $s3=9%s3 +4

Toan hang truc tiép ciing lam cho 1énh duoc thuc hién nhanh hon. Trong MIPS ¢6
mot thanh ghi dac biét, do 1a thanh ghi $zero hay $0 ma thanh ghi nay luén c6 gia tri
0. Mot ung dung cua thanh ghi nay c6 thé thay 1énh MOVE bang lénh ADD ma c6
mot toan hang ngudn 1a $zero. Ngoai ra, do MIPS c6 hd tro toan hang hing la s6 am
nén sé€ khong c6 Iénh SUBI (subtract immediate).

+ Lénh lui: toan hang hang chi c6 do 16n 16 bit. Do d6, dé sir dung hang s6 32
bit thi thuong sir dung két hop véi lénh lui.

LUI register, const  # const 1a s6 16 bit

Iénh nay ghi gia tri const vao 16 bit cao (16 bit bén trai) cua thanh ghi register,

con 16 bit thap (16 bit bén phai) dwoc thiét 1ap bang 0.
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Vi du: hay dua gia tri sau vao thanh ghi $s0
0000 0000 0011 1101 0000 1001 0000 0000

Dé thyc hién didu nay, dau tién dua 16 bit cao (gia tri 61) vao 16 bit cao cua thanh
ghi $s0 dung lénh lui
LUI $s0,61 #0000 00000011 1101, =619
tiép theo chén 16 bit thap (gia tri 2304) vao bing Iénh ORI
ORI $s0,$s0,2304 #0000 1001 0000 0000, = 23041,
2.3.4 Pinh dang lénh

Tat ca lénh duoc biéu dang trong MIPS c6 cing d6 dai 1a 32 bit dugc chia thanh
cac truong (field) khac nhau tiy theo ting 1énh. Nhu chung ta da biét trong MIPS c6
tat ca 32 thanh ghi duogc danh sd tir 0 dén 31. Nhitng thanh ghi nay c6 chiic ning
khac nhau nén c6 thé str dung tén thay cho s6. Nhu cac thanh ghi tir $s0 dén $s7
tuong (g Vai cac thanh ghi tir 16 d&én 23 hoac céc thanh ghi tir $t0 dén $t7 tuwong
g Vi cac thanh ghi tir 8 ¢én 15. Diéu nay c6 nghia 1a $s0 twong wng thanh ghi 16,
$s1 tuong mg thanh ghi 17, $s2 twong tng thanh ghi 18,...,$t0 twong tng véi thanh
ghi 8,$t1 tuong (ng vai thanh ghi 9,v.v....Céc sb s& duoc sir dung trong dinh dang
[énh. Vi du xét Iénh:

ADD $t0, $s1, $s2
Dinh dang cua Iénh trén dugc thé hién nhu sau:

| 0 |7 | 18 | 8 | 0 32|

Dinh dang Iénh trén gom c6 6 trudng: truong thir nhat (gia tri 0) va truong cudi
cuing (gié tri 32) biéu dién cho lénh cong. Truong thir hai chira thanh ghi ngudn dau
tién (17 = $s1), truong thir ba chtra thanh ghi ngudn tht hai (18 = $s2). Truong thir
tu chtra thanh ghi dich dé nhan két qua cua phép tinh tong (8 = $t0). Truong thir 5
khong str dung nén thiét lap gia tri bang 0. Hay biéu dién dudi dang nhi phan caa
[énh trén la:

| 000000 | 10001 | 10010 [ 01000 | 00000 | 100000 |
6 bits 5 bits 5 bits 5 bits 5 bits 6 bits

Mot cach téng quat, tap 1énh MIPS gom c6 ba dinh dang lénh: R-format, I-format
va J-format.

< binh dang R-format:
Mot 1énh MIPS c6 chiéu dai 32 bit, vai dinh dang nay thi cac bit dugc phan phdi vao

6 truong nhu sau:

op ‘ rs ‘ rt ‘ rd ‘ shamt ‘ funct

6 bits 5 bits 5 bits 5 bits 5 bits 6 bits
— op: mi Iénh (opcode) cho biét Iénh duoc thuc hién
— rs: thanh ghi ngudn thir nhét
— rt: thanh ghi ngudn tht hai
—  rd: thanh ghi dich dung chira két qua cua phép toan
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—  shamt: sé bit duoc dich shift amount (dung trong Iénh cac Iénh dich chuyén,
dbi vai céc 1énh khéac khdng sir dung trudng nay thi duoc thiét 1ap gia trj 0)

—  funct: ma ham (function code) két hop v&i ma 1énh (opcode) dé biét mot 1énh
cu thé s& duoc thuc hién.

< binh dang I-format:

Dinh dang nay c6 cac bit duoc phan phéi nhu sau:

op rs rt constant or address ‘

6 bits 5 bits 5 bits 16 bits

Trong dinh dang nay ta c6 hai thanh ghi rs va rt (mdi truong chaa 5 bit). Truong
cudi cling chtra 16 bit dung dé chua gié tri hang (cac Iénh dung toan hang hang nhu
addi) hoic chira dia chi (cac 1énh load, store va cac 1énh nhay co diéu kién). Gia tri
clia truong ndy nam trong gisi han +215(32768)

Vidu: Iw $t0, 32($s3) trong Iénh nay truong rs chaa gia tri 19 (caa thanh ghi
$s3), con rt chira gia tri 8 (cua thanh ghi $t0). Truong cudi clng 16 bit chua gia tri
32. Trong trudng hop nay thanh ghi rt dong vai tro 1a thanh ghi dich dé chua két qua
cua lénh load.

Trong hai dinh dang R-format va I-format: ba truong dau tién giéng nhau, truong
thir tu trong I-format 12 bao gém tong sé bit cua ba trudng con lai trong dinh dang R-
format. B¢ vi xir ly MIPS phan biét dugc dinh dang nao thi truong op duoc sir dung
dé nhan dang. Dudi day 1a mot sb gia trj cua cac dinh dang trén:

| nstruction | Format | op | rs | rt | rd | shamt | funct | address _
add 0 reg | reg | reg 0 a

R 32, n.a.

sub (subtract) R 0 reg reg reg 0 34y, n.a.
add immediate I 8o, | reg | reg | na. n.a. n.a. constant
Tw (load word) I 35, | reg | reg | na. n.a. n.a. address
sw (store word) I 43, | reg reg | n.a. n.a. n.a. address

Cha y hai Iénh add va sub c6 ma lénh op giéng nhau (0) nhung gia tri ham funct
khac nhau. Trong bang trén n.a (not applicable) c6 nghia la khong st dung truong
nay.

Xem mét vi du khéc vé mang nhu sau: gia sir $t1 chira dia chi cia mang A, gié tri
h chira trong thanh ghi $s2, hay biéu dién cac lénh hop ngit twong (ng véi phét biéu:

A[300] = h + A[300]
Céc lénh hop ngit twong tng vai phat biéu trén nhu sau:
LW $t0,1200($t1)
ADD $t0,$s2,$t0
SW  $t0,1200($t1)
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Hay biéu dién 1énh ma may Ia:

address/
shamt
35 9 8
0 18 8 8

1200
| 0 \ 32
43 9 8 1200

Lénh lw duogc xac dinh bang gi tri 35 trong trudng op, gid tri 9 ($tl) trong trudng rs
va gia tri 8 ($t0) trong truong rt. Gia tri offset dé chon phan tir A[300] 1a 1200 (1200
=300 x 4). Tuong tu véi hai 1énh add va sw con lai dwoc biéu dién bing cac gié tri
tuong tmg trong cac trudng. Tuong tng ta ¢6 biéu dién dang nhi phan cua ba lénh
trén:

100011 01001 01000 0000 0100 1011 0000
000000 10010 01000 01000 | 00000 | 100000
101011 01001 01000 0000 0100 1011 0000

Bang sau ddy thé hién mot s6 1énh théng dung trong MIPS

binh
dang
ADD R 0 | 18 | 19 | 17 0 32 | ADD $s1,$s2,$s3

Lénh Vidu Cha thich

SuUB R 0 | 18 | 19 | 17 0 34 SUB $s1,$s2,$s3
ADDI I 8 | 18 | 17 100 ADDI $s1,$s2,100
LW I 35 | 18 | 17 100 LW $s1,100($s2)
SW I 43 | 18 | 17 100 SW $s1,100($s2)
Kich NN . _ . | Tatcalénh MIPS
e 6bit | 5bit | 5 bit | 5bit | 5bit | 6 bit déu c6 do dai 32 bit
binh Iénh
R-format | R op | rs rt rd | shamt | funct n 9ang o
so hoc

binh dang Iénh

I-format I op | rs rt address N
truyen dir liéu

Cac lénh nhay c6 diéu kién ciing c6 dinh dang I-format, xem vi du sau day:

BNE $s0,$s1,Exit
lénh nay c6 dinh dang bao gém c6 4 trudng: truong op (6 bit) ¢d gia tri 5, truong thi
hai 5 bit chira gia tri 16 ($s0), truong thir ba 5 bit chtra gia tri 17 ($s1) va trudng cudi
cuing 16 bit chira dia chi nhay dén.

s [ w® | v ] |

6 bits 5 bits 5 bits 16 bits
« Dinh dang J-format:
Lénh nhay khong diéu kién st dung dinh dang nay, vi du:
J 10000
cau lénh nay c6 dinh dang J-format don gian nhit so véi cac dinh dang trén gom mot
truong op (6 bit) co gid tri 2 va truong dia chi (26 bit) chira gia tri 10000:
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2 10000

6 bits 26 bits
Bang 2.3 trinh bay tom tit ca 3 dinh dang Iénh cua tap Iénh MIPS véi s bit duoc
phan bé tuong tng vai timg truong trong mdi dinh dang Iénh khac nhau.

Bang 2.3: binh dang I¢nh MIPS

Tén Cac truong Chu thich
Kich Tat ca lénh MIPS déu co
6 bit | 5bit | 5bit | 5bit | 5bit | 6 bit .
thudc do dai 32 bit
R-format | op rs rt rd | shamt | funct | Binh dang Iénh sb hoc
Dinh dang Iénh truyén dit
I-format | op rs rt diachi/hangsé | liéu, I1énh nhay c6 diéu
kién, hang s
binh dang Iénh nhay khon
J-format | op dia chi .1; a g% W g
diéu kién

2.3.5 Lénh luan ly (logical operation)
Cac lénh luan ly thuc hién trén ting bit bao gém cac 1énh sau:
= Lénh dich trai SLL (shift left logical): cac bit 0 dugc thém vao bén phai khi
thuc hién Iénh dich.
= Lénh dich phai SRL (shift right logical): cac bit 0 dwgc thém vao bén trai khi
thuc hién Iénh dich.
Gia st thanh ghi $s0 chwra gia tri 9
0000 0000 0000 0000 0000 0000 0000 1001,0= 9en
Sau khi thuc hién Iénh dich trai 4 bit:
SLL $t2,$s0,4
thi két qua thanh ghi $t2 chira gia tri 1a 144.
0000 0000 0000 0000 0000 0000 1001 00004,,= 1444,

Lénh dich nay duoc biéu dién trong dinh dang R-format nhu sau:

op rs rt rd shamt funct

o [ o [ w | w® [ « [ o |

Vi hai truong op va funct chaa gia tri 0, truong thanh ghi rs khéng st dung nén
thiét 1ap bang 0, truong rt chua gia tri 16 ($s0) va rd chira gia tri 10 ($t2). Ngoai ra
truong shamt (shift amount) chira gia tri 4 1a s bit dé dich trai.

Khi dich trai i bit thi két qua thu dugc twong dwong véi nhan 2' nhu véi vi du trén
thi dich trai 4 bit nén tuong duong véi nhan cho 2* hay 16 (9 x 16 = 144).

= Lénh AND: thuc hién phép toan and véi hai toan hang ngudn theo timng bit va
két qua luu vao toan hang dich.

Gia str thanh ghi $t2 chra gia tri:

000000000000 0000000011011100 0000+,
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va thanh ghi $t1 chua gia tri:
0000 00000000 0000C011 1100000000004,

sau do thyuc hién Iénh and sau:
AND $t0,$t1,$t2
két qua thanh ghi $t0 chira gi4 tri:
0000 0000 0000 0000 0000 1100 0000 00004,

» Lénh OR: tuong tu nhu 1énh and nhung thuc hién phép toan or trén tirng bit.
Vi du: cac thanh ghi $t1 va $t2 chira gia tri nhu trén, sau khi thuc hién phép toan
OR $t0,$t1,$t2
thanh ghi $t0 s& chura két qua 1a:

0000 0000 0000 OO0OOO0OLL 1101 11000000+,4

= Lénh NOT va Iénh NOR: Iénh not thuc hién dao bit (0 thanh 1, 1 thanh 0)
trén mot todn hang, con ¢ Iénh NOR (not or) thuc hién dao nguoc cua l1énh OR.

Ngoai ra, khi mot toan hang ngudn chira gia tri hang sé thi cac lénh ANDI (and
immediate) va ORI (or immediate) duoc sur dung.

2.3.6 Cé&c Iénh ré nhanh
> Cau lénh diéu ki¢n IF:
Cac cau lénh diéu kién dya vao két qua so sanh cua biéu thic luan 1y dé quyét
dinh chuyén diéu khién dén mot nhan (label) duoc chi dinh. Céc Iénh nay bao gom:
BEQ registerl,register2,L1
lénh BEQ (branch if equal) nhay diéu khién dén nhan L1 néu registerl = register2
BNE registerl,register2,L1
lénh BNE (branch if not equal) nhay diéu khién dén nhan L1 néu register] #
register2
Cac lénh nay thuong duoc sir dung dé thé hién cau Iénh if-then-else caa ngbn ngi
Cap cao.
Vi du hdy biéu dién cac lénh hop ngit MIPS twong tng véi phat biéu if cua ngdn
ngir C:
If(i==j)f=g+h;elsef=g-h
vé6i cac bién f,g,h,i va j 1an lugt dugc Iuu trong cac thanh ghi tir $s0 dén $s4.
C4c lénh tuong g nhu sau:

BNE $s3,$s4,Else
ADD $s0,$s1,$s2
J Exit
Else: SUB $s0,$s1,$s2
EXxit:
» Vong lap:

Gia sir ta ¢6 vong lap duoc thé hién trong ngén ngit C nhu sau:
while (save[i]==k)
i +=1;
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Véi céc gia tri i,k 1an luot duoc luu trong thanh ghi $s3,$s5 va dia chi cua mang
save (mdi phan tar mang l1a mot tir - word gom 4 byte) dugc luu trong thanh ghi $s6.
Céc Iénh hgp ngir twong ng trong MIPS la:

Loop: SLL $t1,$s3,2 # thanh ghi tam $t1=i*4
ADD $t1,$t1,$s6 # $t1 chira dia chi cua save[i]
LW $t0,0($t1) # thanh ghi tam $t0 = save[i]
BNE $t0,$s5,Exit  # nhay dén nhan Exit néu save[i] #k
ADDI $s3,$s3,1 #i=i+l
J Loop # lénh nhay khong diéu kién
Exit:

Ngoai ra, trong MIPS c0 céc Iénh sau:
SLT registerl,register2,register3
lénh SLT (set on less then) s& thiét Iap thanh ghi registerl = 1 néu thanh ghi register2
nho hon thanh ghi register3, thiét 1ap registerl = 0 néu nguoc lai.
SLTI registerl,register2,const
lénh SLTI (set on less then immediate) giéng nhu Iénh slt nhung thanh ghi thtr 3
duoc thay bang hang sb.
vidu: SLT $t0,$s3,$s4 # $t0 = 1 néu $s3 < $s4
SLTI $t0,$s2,10 #$t0 = 1 néu $s2 < 10
Trinh bién dich MIPS dung t6 hop caa cé4c 1énh SLT, SLTI, BEQ, BNE va gia tri
0 (dung thanh ghi $zero) dé tao ra tat ca cac diéu kién so sanh: bang, khdng bang,
nhé hon, nhé hon hodc bang, 16n hon, 16n hon hodc bang.

2.4 GIAI MANGON NGU MAY
Dé hiéu rd cac 1énh ma may thuc hién 1énh hop ngit ndo, bang 2.4 trinh bay tap
c4c lénh dya trén truong méa lénh op gdm 6 bit (tir bit 26 — bit 31). Bang nay gém ¢
cac dong duoc biéu dién 3 bit (bit 29 — bit 31) va cac cot biéu dién 3 bit (bit 26 —
28). Trong bang 2.5 trinh bay gia tri nhi phan cua truong funct tuong tng véi dinh
dang R-format
Bang 2.4: m& 1énh op cua cac 1énh MIPS

28-26 0(000) 1(001) 2(010) 3(011) 4(100) 5(101) 6(110) 7(111)

31-29

0(000) R-format Bltz/gez |jump jump & link|branch eq | branc blez batz
xori

1(001) add addiu set less

2(010) TLB F1Pt
3(011)
4(100) oad byte cad half | Twl oad word oad byte | load Twr
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Bang 2.5: cac gia tri cua truong funct voi R-format

op(31:26)=000000 (R-format), funct(5:0)

2-0 0(000) 1(001) 2(010) 3(011) 4(100) 5(101) 6(110) 7(111)

0(000) sNift left shift right|sra sy srly srav

1(001) jump register|jalr syscall |break
2(010) mfhi mthi mflo mtlo

6(110)
7(111)

Gia sir c6 mét 1énh ma may nhu sau:
00af8020hex

Lénh hop nglr trong tng la 1énh gi?

Pé giai ma lénh ma may trén, dau tién chuyén cac s hex sang nhi phan dé xéac
dinh truong op c0 gié tri bao nhiéu.

(Bits:31 28 26 5 20
0000 0000 1010 1111 1000 0000 0010 0000

truong op (6 bit) véi cac bit 29 — 31 ¢6 gia tri 000 va cac bit 26 — 28 ciing c6 gia tri
12 000. Do d6 ddy 1a mot lénh dang R-format (xem bang 2.2). Tiép theo xac dinh gi&
tri cta cac truong con lai caa dinh dang nay.

op rs rt rd shamt funct

000000 00101 01111 10000 00000 100000

dua vao truong funct vai cac bit 3 — 5 1a 100 va cac bit 0 — 2 1a 000 nén 1énh nay la
Iénh add (xem bang 2.3). Truong rs c6 gia tri 5 ($al), truong rt ¢é gia tri 15 ($t7) va
truong rd c6 gia tri 16 ($s0) con truong shamt khéng sir dung (duoc thiét 1ap gia tri
0). Vay Iénh hop ngtt twong tng la: ADD $s0,$al,$t7

25 TOM TAT

Trong chwong nay gigi thiéu vé tap lénh vi xi ly MIPS. Vi xtr Iy nay c¢6 32 thanh
ghi (tir $0 - $31) va cac thanh ghi nay déu c6 cung d6 dai 32 bit. Ba kiéu toan hang
duoc str dung chu yéu Ia : todn hang thanh ghi, toan hang bd nhé va toan hang tryuc
tiép. Tap lénh cuaa vi xir ly MIPS c6 thé phan chia thanh céc loai: 1énh s6 hoc — luan
ly, 1énh truyén dit liéu va 1énh r& nhanh. Ba dinh dang Iénh co ban caa MIPS nhu: R-
format, I-format va J-format. Binh dang R-format duoc st dung cho cac 1énh sé hoc
— luan ly va cac lIénh dich (shift). Pinh dang I-format ding cho cac lénh truyén dix
liéu gitra bo nhd va thanh ghi (Iénh load va store). Con dinh dang 1énh J-format dung
cho c4c Iénh r& nhanh c6 diéu kién va khong diéu kién. Cudi cung trinh bay céch
chuyén tir mot 1énh vi xir Iy MIPS sang ma may.
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CAU HOI VA BAI TAP CHUONG 2

Tap 1énh vi xur Iy MIPS chia thanh may loai?
Toan hang thanh ghi la gi?
Toan hang b6 nh¢ la gi?
Dinh dang Iénh caa vi xt Iy MIPS phan thanh may loai?
Lénh luan ly hoat dong nhu thé nao?
Lénh r& nhanh gém nhiing 1énh nao?
Viét c4c 1énh hop ngir MIPS dé tinh biéu thic f = (g+h) — (i+j) , giasue f, g, h, i,
duoc luu 14n luot trong cac thanh ghi $s0, $s1, $52, $s3, $s4.
Gia sir hai thanh ghi $s1 = OXABCD1234 va $s2 = 0xFFFF0000. Hay cho biét
gia tri thanh ghi $s0 khi thuc hién cac Iénh sau:
and $s0, $s1, $s2
or $s0, $s1, $s2
xor $s0, $s1, $s2
nor $s0, $s1, $s2
Gia sur thanh ghi $s2 = 0XABCD1234, hdy cho biét gia tri caa thanh ghi $s1 khi
thuc hién cac Iénh:
sll $s1, $s2, 8
sra $s1, $s2, 4
Viét cac lénh hop ngit MIPS dé thyc hién gan gia tri cho thanh ghi la
$s1 = 0XAC5165D9 (32 bit).
Viét cac 1énh hop ngit MIPS dé thé hién phat biéu IF sau:
if (a = b)
c=d+e
else
c=d-e
gia s a, b, ¢, d, e lan luot dugc luu twong tng trong cac thanh ghi $s0, $s1, $s2,
$s3, $s4.
Viét cac 1énh hop ngit MIPS dé thé hién phat biéu IF sau:
if (($s1 > 0) && ($s2 <0))
$s3++;
Viét cac 1énh hop ngit MIPS dé thé hién phat biéu IF sau:
if (($s1 > $s2) || ($s2 > $s3))
$s4=1;
Gia st A 1a mot mang, mdi phan tir ciia A c6 kich thugc mét tir (word — 4 byte)
va dia chi cia mang A dugc luu trong thanh ghi $s0. Hay viét cac lénh hop ngir
dé tinh A[1] = A[2] + 5.
Gia sir A 13 mot mang, mdi phan tir ciia A c6 kich thudc mot tir (word — 4 byte).
Hay viét cac 1énh hop ngir dé thé hién vong lap WHILE nhu sau:
i=0;
while (A[i] != k)
i=i+1;
véi dia chi mang A, i, k duoc luu 1an luot trong céc thanh ghi $s0, $s1, $s2.



CHUONG 3
TO CHUCBOQ XU LY

Muc dich: Gigi thiéu tong quan nguyén ly hoat dong cua vi xir Iy MIPS. Buong
dan dix liéu cua céc loai 1énh, to chic caa b tinh toan va luan ly (ALU). Nguyén ly
hoat dong cua bo diéu khién va trinh bay cac dic diém co ban cua ky thuét dng dan.

3.1 GIOI THIEU

Trong chuong nay gidi thiéu cac nguyén ly va ki thuat duoc to chic trong bo xir
ly. Cach xay dyng duong dan dir liéu (datapath) voi cac tap l1énh co ban cua MIPS.
Sau d6 trinh bay cac khai niém co ban cua k§y thuat 6ng dan (pipelining).

C4c lénh co ban duoc xem xét bao géom:

= C4c Iénh tham chiéu bd nhé nhu: load word (Iw) va store word (sw)

= C4c Iénh sé hoc va luan ly: add, sub, AND, OR va slt

= Lénh so sanh bing beq va Iénh nhay j.

So db t6 chirc tong quat cia MIPS nhu sau:

Add N y

> Data

—~ Register #
| PC (#>| Address Instruction -6 Registers ALU Address
¢+ Register #
Instruction -

memory ¢ Register #

Data
memory

A

Data

Hinh 3.1: So db té chirc tong quat cua MIPS?

Cac lénh bat dau bang cach dung thanh ghi PC (program counter) dé xac dinh dia
chi cua Iénh trong bo nhé Iénh. Sau khi Iénh duoc duyét, cac todn hang cua lénh cling
duoc xac dinh bai cac trudong caa lénh nay. Dya vao c4c toan hang nay dé tinh dia
chi bo nha (d6i vai Iénh load va store), tinh két qua caa phép toan sé hoc (ddi vai céc
lénh s6 hoc — luan 1y) hoic phép toan so sanh (ddi vai lénh nhay). Néu lénh dang
thue hién 1a 1énh s6 hoc — luan ly, két qua phép tinh tir ALU phai duoc ghi vao mét
thanh ghi. Néu lénh dang thuc hién 12 1énh load hoic store, két qua phép tinh tir ALU
dung dé xac dinh dija chi bo nhg dé luu gia tri cta thanh ghi vao bd nhé (store) hoic
lay gi4 tri tir bo nhé dua vao thanh ghi (load).

! Céc hinh trong chwong nay dugc trich tir cudn sach “Computer organization and Design: The
hardware/software interface” (fourth edition), tac gia: David A.Patterson & John L.Hennessy.
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3.2 PUONG DAN DU LIEU

Puong dan dit liéu gom c6 bo tinh todn va luan ly, cac mach dich, cac thanh ghi
va cac duong ndi két cac bo phan trén. Nhiém vu cua dudng dan dir lidu 1a doc céc
toan hang tir cac thanh ghi, thuc hién cac phép tinh trén cac toan hang nay trong bo
tinh toan va luan ly va luu trit két qua vao thanh ghi.

Puong dan dir liéu cua cac 1énh sé hoc — luan Iy va céc 1énh bo nhé thi trong dbi
gidng nhau. Nhitng diém khéc biét chinh giira chang Ia:

= C4c 1énh s6 hoc — luan Iy ding ALU véi hai toan hang nhap vao 1a hai thanh
ghi. Trong khi cac 1énh bo nhé dung ALU dé tinh dja chi véi gia tri nhap vao tha
nhét 12 mot thanh ghi va gia tri nhap vao tht hai 1a gia tri d6 doi (offset) 16 bit can
duoc mé rong dau sang 32 bit.

= Két qua cia ALU luu vao thanh ghi dich (d6i véi 1énh sé hoc — luan 1y)
nhung két qua dugc luu vao thanh ghi dich duoc 13y tir bo nhé (ddi vai lénh load).

DPuong dan dir liéu cua cac 1énh sé hoc — luan ly, cac 1énh b nhé va Iénh so sanh
bang dugc thé hién ¢ hinh 3.2. Dé thuc hién mot Iénh, dau tién 1énh d6 s& duoc duyét
tir bo nhé, 1énh tiép theo duoc thuc hién bang cach ting thanh ghi dém chuong trinh
(program counter — PC) thém 4 boi vi do dai moi lénh 1a 4 byte (trong trudng hop
thue hién tuan tu cac 1énh).

Trong dinh dang R-format (cac lénh s hoc — luan 1y), noi dung hai thanh ghi
dugc doc, sau d6 thuc hién phép toan twong (ng trén hai thanh ghi nay va ghi két qua
vao thanh ghi thir ba. Thi du: add $t1, $t2, $t3 s& doc noi dung cua $t2 va $t3 thuc
hién phép tinh cong trén ALU va luu két qua vao $t1. Cac lénh thuoc nhém nay gom
c6: add, sub, AND, OR va slt. Trong t6 chirc ALU thi ¢6 hai dau vao d6 dai 32 bit,
mot dau ra ciing co6 do dai 32 bit. Ngoai ra, ALU con c6 tin hiéu 1 bit thé hien két
qua dau ra bang 0 va céc tin hiéu diéu khién 4 bit ma s& dugc trinh bay ¢ phan tiép
theo.

Tiép theo, ching ta s& xem xét cac 1énh bo nhé bao gém 1énh load va 1énh store cé
dinh dang nhu sau: 1w $tl, offset value($t2) va sw $tl, offset value($t2). Cac 1énh
nay tinh dia chi b nh¢ bang cach cong noi dung thanh ghi co so (base register)
trong $t2 véi do doi (offset) c6 dau 16 bit. BSi vai 1énh store thi gia tri luu trir vao bo
nhd dugc doc tir thanh ghi $t1. Trong khi d6 1énh load thi gia tri doc tir bo nhé dugc
ghi vao thanh ghi $t1.

Ngoai ra can c6 mot bo chuyén doi ma rong ¢ dau tir 16 bit cua do doi thanh 32
bit twong tmg. DSi voi bd nhé c6 cac tin hiéu dau vao 1a tin hiéu doc (MemRead)
dung dé doc dir liéu va tin hiéu ghi (MemWrite) dé ghi dir liéu vao bo nho.

Déi véi lénh beq co ba toan hang véi dinh dang beq $t1, $t2, offset, hai thanh ghi
duoc so sanh ¢6 bang nhau bang céch thyc hién phép trir trong ALU. Két qua so sanh
duoc xac dinh bang tin hiéu ra Zero cia ALU. Néu diéu kién so sanh khong thoa
man thi lénh ké tiép duoc thuc hién (PC + 4). Néu diéu kién so sanh thoa man thi do
doi 16 bit (mé rong dau thanh 32 bit ) dwoc dich sang trai 2 bit (tuong ang nhan Vi
4) duoc cong véi (PC + 4) dé thuc hién nhay dén dia chi dich.
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Hinh 3.2: Buong dan dit liéu cua ba loai 1énh co ban

AN LY (ALU)

~

Ve

P

O TINH TOAN VA LUAN L

UCB

4

Dbi vai lénh jump (j) duoc thuc hién bang cach thay thé 28 bit cua PC bang 26 bit
3.3TOCH

cua lénh duoc dich sang trai 2 bit.
B6 tinh toan va luan ly (ALU) cua bo xir Iy MIPS xac dinh cac phép toan thuc

hién dua vao tin hiéu diéu khién 4-bit:
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Funcion

0000 AND
0001 OR

0010 add

0110 subtract
0111 set on less than
1100 NOR

Tuy thudc vao ting loai Iénh, ALU s& thuc hién mot trong cac ham trén. Déi voi
lénh load word va store word, ALU thuc hién phép cong dé xac dinh dia chi bo nho.
DPéi voi dang Iénh R-type, ALU thyuc hién mét trong nam Iénh (AND, OR, subtract,
add hozc slt) phu thudc vao 6-bit thip cua truong funct (function) trong dinh dang
Iénh. Vi Iénh beq, ALU s€ thuc hién phép toén trur.

Cac tin hiéu diéu khién 4-bit cua ALU c6 thé duoc tao ra bang mach diéu khién
don gian ¢ tin hidu nhap 1a cac bit cua truong funct cing véi 2-bit diéu khién dac
biét (dugc goi 1a ALUOp). ALUOp s€ xac dinh phép toan thuc hién: gié tri 00 thyc
hién phép cong cho 1énh load va store, 01 thuc hién phép trir cho 1énh beq, dbi véi
gia tri 10 thi phép toan duoc thuc hién phu thudc vao truong funct cua dinh dang
lénh. D6i vai gia tri 00 va 01 cia ALUOp thi phép toan dugc thuc hién khdng phu
thudc vao gid tri cua truong funct (trong treong hop nay cac gia tri caa truong funct
duoc ghi 1a X). Céc gia tri caa ALUOp duoc tao ra boi don vi diéu khién chinh (CU
— Control Unit).

Bang 3.1: Thiét lap cac bit diéu khién ALU dua vao ALUOp va truong funct

Maham | Phéptoan | |10 Nieu dieu
Dang lénh | ALUOp Lénh khién ALU (tin
(funct) ALU . .
hi¢u nhap)
LW 00 load word | XXXXXX add 0010
SW 00 store word | XXXXXX add 0010
Branch equal 01 branch equal | XXXXXX subtract 0110
R-type 10 add 100000 add 0010
R-type 10 subtract 100010 subtract 0110
R-type 10 AND 100100 AND 0000
R-type 10 OR 100101 OR 0001
R-type 10 set on less 101010 set on less 0111
than than

3.4 BQ PIEU KHIEN CHINH (main control unit)

Pé thiét ké mach diéu khién, chung ta xét ba dinh dang lénh co ban: dinh dang
lénh sb hoc va logic (R-format) c6 opcode = 0, cac 1énh nay c6 ba thanh ghi toan
hang rs, rt va rd. Hai thanh ghi rs va rt a cac thanh ghi ngudn, con rd la thanh ghi
dich. Phép toan thuc hién trong ALU duogc xac dinh boi truong funct. Binh dang nay

34



thuc hién céc Iénh add, sub, AND, OR va slt. Truong shamt dugc dung cho cac Iénh
dich (shifts). Binh dang Iénh thir 2 1a dinh dang cho Iénh load (opcode = 35¢,) va
lénh store (opcode = 43n). Thanh ghi rs 1a thanh ghi nén, ndi dung thanh ghi nay
cong véi dia chi offset 16 bit dé xac dinh duoc dia chi bo nhé. Bi véi 1énh load, noi
dung ttr bd nhé dugce chép vao thanh ghi rt. Con véi Iénh store, noi dung tir thanh ghi
rt duoc luu vao bo nhé. Pinh dang 1énh tha 3 1a dinh dang 1énh nhay theo diéu kién
so sanh bang (branch equal) c6 opcode = 4. Trong dinh dang nay hai thanh ghi rs va
rt 1a cac thanh ghi ngudn duogc dung dé thuc hién phép so sanh. Dua vao két qua so
sanh nay dé quyét dinh: hoc thuc hién lénh ké tiép (PC+4) hoac cong noi dung
(PC+4) véi dia chi 16 bit dé nhay dén dia chi dich.

Field | 0 | rs | rt | rd | shamt | funct |
Bit positions 31:26 25:21 20:16 15:11 10:6 5:0
a. R-type instruction

Field 35 0r 43 rs rt address
Bit positions 31:26 25:21 20:16 15:0
b. Load or store instruction

Field | 4 ] rs [ rt | address
Bit positions 31:26 25:21 20:16 15:0
c. Branch instruction

Hinh 3.3: Ba dinh dang Iénh R-type, load va store, branch

Tir ba dinh dang trén, ching ta rit ra mot sé nhan xét nhu sau:

=  Truong opcode lubn & vi tri bit 31:26

» Ca ba dinh dang thi chi doc hai thanh ghi rs va rt dugc dinh vi tai vi tri 25:21
va 20:16

= Thanh ghi nén (base register) cho dinh dang Iénh load va store thi luon luén &
vi tri 25:21 (rs)

= Pia chi offset 16 bit cho Iénh nhay theo diéu kién so sanh bang, 1énh load va
store thi luén & vi tri 15:0

= Thanh ghi dich thi & mét trong hai vi tri: ddi véi lénh load thi ¢ vi tri 20:16
(rt), con dbi véi cac lénh R-format thi o vi tri 15:11 (rd).

Cac tin hiéu diéu khién duoc thé hién nhu hinh 3.4. Trong hinh nay thé hién bay
duong diéu khién 1-bit va mot duong diéu khién ALUOpP 2-bit. Ngoai ra, con c6 thiét
bi bo diéu hop (multiplexor — viét tit Mux: Ia thiét bi c6 hai tin hiéu dau vao, maot tin
hiéu dau ra va mot tin hiéu diéu khién. Dya vao tin hi¢u diéu khién ma tin hiéu dau
ra dugc chon 1a mot trong hai tin hiéu dau vao) duoc dung trong két hop trong hé
thdng.
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Hinh 3.4: Céc tin hiéu diéu khién trong hé thong

Céc tin hiéu diéu khi

hia nhu sau:

4

én cd yng

RegDst: gié tri 0 x4c dinh thanh ghi dé ghi duoc xac dinh bai toan hang rt (bit

20:16). Nguoc lai gia tri 1 thi thanh ghi dé ghi duoc xac dinh boi toan hang rd (bit

15:11).

RegWrite: gia tri 0 khéng anh huong. Gia tri 1 thé hién ghi dir liéu vao thanh

ghi.
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—  ALUSrc: gié tri 0 xac dinh toan hang thtr hai caa ALU lay tir thanh ghi thir
hai (Read data 2). Nguoc lai, gi4 tri 1 thi toan hang tha hai caa ALU lay gia tri mo
rong dau 16 bit thap cua lénh.

—  PCSrc: gia tri 0 thi PC duoc thay thé boi PC+4. Nguoc lai, gia tri 1 thi PC
duoc thay thé boi két qua tinh tong ciia ALU dé nhay dén dia chi dich.

— MemRead: gia tri 0 khéng anh huong. Gia tri 1 thi dir liéu dugc doc tir bd
nho.

—  MemWrite: gia tri 0 khéng anh huong. Gia tri 1 thi dir liéu duoc ghi vao bo
nho.

—  MemtoReg: gi4 tri 0 xac dinh dit liéu dé ghi vao thanh ghi duoc lay tir két qua
ciia ALU. Nguoc lai, gia tri 1 xac dinh dit liéu dé ghi vao thanh ghi duoc doc tir bo
nho.

Trong hinh 3.5 thé hién gia tri cua cac duong diéu khién cua cac dang lénh khac
nhau. Dong dau tién thé hién cua dinh dang lénh R-format (add, sub, AND, OR va
slt). Pi vai cac lénh nay thanh ghi ngudn ludn 1a rs va rt, con thanh ghi dich 1a rd.
Hon nira dang Iénh nay ghi két qua vao thanh ghi dich (RegWrite = 1) nhung khong
doc bd nhé (MemRead = 0) cling khong ghi vao bd nhéd (MemWrite = 0). Khi tin
hiéu diéu khién Branch = 0 thi gi tri PC dugc thay thé boi PC + 4, nguoc lai gia tri
PC duoc thay boi dia chi dich dén néu tin hiéu Zero cia ALU duoc thiét 1ap bang 1.
Trudng ALUOp duoc thiét lap 10 dé xac dinh dinh dang lénh nay (R-format). Dong
thir 2 va tha 3 twong Gng voi thiét 1ap cua Iw va sw. Gia tri cia MemRead va
MemWrite duoc thiét lap dé truy cap dén bo nhé. Cac truong ALUSrc va ALUOp
duoc thiét 1ap dé tinh toan dia chi. Dbi vai lénh Iw thi cac tin hiéu RegDst va
RegWrite duoc thiét lap dé két qua dugc luu vao thanh ghi rt. Lénh beq ciing twong
tu nhu dinh dang R-format, gié tri cua cac thanh ghi rs va rt duogc gui téi ALU. Gia
trif ALUOp = 01 d¢é ALU thyc hién phép trir & kiém tra hai thanh ghi c6 bang nhau
khong. Cha y khi RegWrite = 0 thi gia tri cia MemtoReg (X) va RegDst (X) la
khong xac dinh.

Memto- | Reg- | Mem- | Mem-
RegDst Reg | Write | Read | Write | Branch
0 1 0 0 0

R-format 1 0 1 0
Tu 0 1 1 1 1 0 0 0 0
SW X 1 X 0 0 1 0 0 0
beq X 0 X 0 0 0 1 0 1

Hinh 3.5: Céc tin hiéu diéu khién cua cac dang Iénh
Hinh 3.6 thé hién duong di dir lieu cho dang lénh R-format, vi du lénh
add $t1,$t2,$t3. C4c tin hiéu hoat dong duoc vé& noi 1&n con cac tin hiéu khong hoat
dong dugc mo di. Lénh nay dugc thuc hién theo thir ty nhu sau:
—  Lénh duoc duyét, sau d6 gia tri PC tang dé chi dén lénh tiép theo
—  Hai thanh ghi $t2, $t3 duoc doc, bo phan diéu khién (control unit - CU) s&
thiét 1ap céc tin hiéu diéu khién tuong tng.
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— ALU thuc hién phép toan tuong ing dugc xac dinh bai cac bit 5:0 trén cac
gia tri hai thanh ghi doc dugc.

—  Két qua cua phép toan ALU dugc ghi vao thanh ghi dich duoc xac dinh boi
cac bit 15:11 (trong truong hop nay la thanh ghi $t1).
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Dbi voi 1énh load va store duoc thuc hién tuong tu nhu R-format. Hinh 3.7 thé
hién duong di dir liéu cua dang lénh load, xét 1énh: lw $t1, offset($t2) thuc hién theo
cac budc sau:

—  Lénh duoc duyét tir bo nho, gia tri PC tang dé chi dén lénh ké tiép.

—  Doc gia tri thanh ghi $t2.

—  Gia trj offset (16 bit) dwoc chuyén sang 32 bit twong tng. Sau d6 ALU tinh
téng cua gia tri nay vai gié tri thanh ghi $t2.

—  Giatri tong cia ALU dung dé xac dinh dia chi bo nhé.

— Dt liéu tir bo nhé dugce doc va ghi vao thanh ghi dich $t1 dugc xac dinh boi
cac bit 20:16.
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Trong trudng hop dinh dang 1énh nhay c6 diéu kién nhu beq cling duoc thuc hién
tuong tu dang R-format nhung gia tri dau ra cia ALU dugc dung dé xac dinh PC
duoc thay thé boi PC+4 hoic nhay dén dia chi dich. Vi du xét Iénh:
beq $t1,$t2,0ffset. Hinh 3.8 s& thé hién cac budc dé thyc thi lénh nay:

Lénh dugc duyét tir b nha, gia tri PC tang thém 4.

Doc gia tri hai thanh ghi $t1 va $t2.

ALU thuc hién phép trir vai hai thanh ghi nay. Gia tri offset (16 bit) duoc
chuyén sang 32 bit trong (ng va dich sang trai 2 bit roi cong véi PC+4 dé xac dinh
dia chi dich.

Két qua cua tin hiéu Zero cua ALU s& quyét dinh két qua dugc dua vao PC.
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Cubi cung dbi véi Iénh nhay khong diéu kién j address, Iénh nay co dinh dang
(opcode=2) nhu sau:

| 000010 | address |
31:26 25:0

Hinh 3.9 thé hién duong di dir liéu cua lénh ndy. Mot multiplexor duoc bd sung
vao hé théng, multiplexor nay duoc diéu Kién bai tin hiéu jump. Gia tri méi dugc ghi
vao PC duoc xac dinh nhu sau: dia chi 26 bit cua 1énh jump dugc dich sang trai 2 bit
réi ghép ndi véi 4 bit cao ciia PC+4 dé dugc dia chi dich 32 bit can nhay dén.
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3.5 KY THUAT ONG DAN (PIPELINE)
3.5.1 Téng quan

Ky thuat ng dan 1a k§ thuat ma nhiéu lénh duoc thuc hién theo dang nap chong
(overlap). K§ thuat nay duoc sir dung phé bién trong cac kién tric CPU hién nay.
Nhu cac phan trén di trinh bay, mot 1énh MIPS duoc thuc hién trong 5 budc:
Duyét I1énh tir bo nhé
Giai ma lénh, dong thoi doc cac thanh ghi
Thuec thi I1énh hoac tinh dia chi
Truy cap toan hang trong b6 nho
Ghi két qua vao thanh gh|
Dé don gian trong ky thuat dng dan, ching ta chi xét dén céc Iénh: load word (Iw),
store word (sw), add (add), substract (sub), AND (and), OR (or), set less than (slt) va
beq.

S asw e
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Gia str thoi gian thuc hién tirng thanh phan nhu sau: thao tac truy cap b nhé can
200 ps, cac phép toan ALU can 200 ps va 100 ps dé doc hoic ghi vao thanh ghi. Thoi
gian thuc hién mdi Iénh dugc thé hién nhu bang 3.2. Trong hinh nay thi 1énh Iw c6
thoi gian thuc hién 16n nhat (800 ps).

Bang 3.2: Tong thoi gian thuc hién cua mbi lénh

) Duyét boc Thao tac | Truy cap Ghi X
Lénh T
e lenh | thanhghi | ALU | bonhs |thanhghi| o9
Load word (lw) | 200 ps | 100 ps 200 ps 200 ps 100 ps | 800ps
Store word (sw) | 200 ps | 100 ps 200 ps 200 ps 700ps
R-format (add,
sub. AND,OR) 200 ps | 100 ps 200 ps 100 ps | 600ps
Branch (beq) | 200 ps | 100 ps 200 ps 500ps

Gia sir chuing ta xét vi du véi ba I1énh nhu sau:
LW $1,100(30)
LW $2,200(30)
LW $3,300($0)

Cac lénh nay duoc thyc hién theo hai cach: tuan ty va theo k§ thuat dng dan. Hinh
3.10 thé hién so sanh gitra hai cach nay. O phan trén cua hinh cho thay ba lénh dugc
thuc hién tuan ty c6 tong thoi gian 1a 800 x 3 = 2400 ps, thoi gian gitta mdi lénh 1a
800 ps. Trong khi & phan dudi cia hinh cho thay néu ba Iénh nay dugc thyuc hién
trong k¥ thuat ng dan thi chi can 1400 ps, thoi gian gitta mdi 1énh chi 1a 200 ps.

Program

execution —.
Time

order

(in instructions)

200 400 600 800 1000 1200 1400 1600 1800

Instruction
fetch

lw $1, 100(S0) Reg| ALU agf;g Reg

Data
access

Instruction

lw $2, 200(S0) fetch

800 ps

)

eg| ALU Reg

Instruction

Iw $3, 300(50) fetch

800 ps

o —

800 ps

Program

execution —.
Time
order

(in instructions)

200 400 600 800 1000 1200 1400

Data
access

Instruction

w $1, 100(30) | "oes Reg| ALU Reg

Data
access

Instruction

lw $2, 200(80) 200 ps | tetcn Reg| ALU Reg

Data
access

Instruction

Iw $3. 300(80) fetch

Reg | ALU Reg

200 ps

200 ps 200 ps 200ps 200 ps 200 ps

Hinh 3.10: Thuc hién tuan tu so véi k§ thuat ng dan
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3.5.2 Puong di dix liéu caa ky thuat 6ng dan (pipelined datapath)

Mot Iénh duoc thuc hién bao gém 5 giai doan:

—  Duyét Iénh (IF)

— Giai md lénh (ID) va doc cac thanh ghi

—  Thuyc thi I1énh (EX)

—  Truy cap b6 nh¢ (MEM)

—  Ghi két qua tro lai thanh ghi (WB)

Céc giai doan nay duoc thé hién nhu hinh 3.11 theo chiéu tir trai sang phai. Ngoai
trir & giai doan WB gia tri duoc ghi vao thanh ghi nguoc tré lai giai doan 1D va thao
tac cap nhat gia tri PC dén gia tri ké tiép hoic dia chi cua lénh nhay & giai doan
MEM.
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Gia str chling ta c6 ba Iénh dugc thuc thi theo ki thuat ng dan:
Iw $1,100($0)
Iw $2,200($0)
Iw $3,300($0)

Hinh 3.12 thé hién cac lénh nay trong k§y thuat ng dan. Trong hinh nay céc giai
doan cua mdi lénh duoc thé hién bang tén twong tng: IM (instruction memory), Reg
(Register), ALU (Algorithm Logic Unit) va DM (Data Memory). Véi quy udc phan
nita bén trai thé hién qua trinh ghi, trong khi phan nira bén phai thé hién qua trinh
doc. Giai doan nao sir dung qua trinh ghi hay doc thi dugc t6 dam twong ung, khdng
sir dung thi bo tring. Nhu giai doan thuc thi EX thi biéu tuong Reg duoc to den bén
phai, bo tring bén trai thé hién ¢ giai doan nay c6 qua trinh doc thanh ghi nhung
khong co6 qua trinh ghi thanh ghi.

Time (in clock cycles)

Program : | | | | |
execution cc1 , €CC2 , CC3 | CC4 | CC5 ,CCe6 | CC7
order | I | | | |
(in instructions) : : : : : :
| R | | | [ I
Iw $1, 100($0) M Reg I | : :
| | | |
! I | |
o e
—
Iw $2, 200($0) IM —J—E{Heg I :
i
| :
I I
| |
|

Iw $3, 300($0)

!
!
:
I —
| M}——Reg
|
|
!
!
|

Hinh 3.12: Ba lénh dugc thyc thi trong ki thuat 6ng dan

Pé luu lai gi4 tri & timg giai doan caa mdi lénh, trong k¥ thuat éng dan bé sung
thém cac thanh ghi nim giita cac giai doan nhu hinh 3.13 (c4c thanh ghi nay con
duoc goi la thanh ghi 6ng dan — pipelined register). Cac thanh ghi nay dwgc dit tén
bang céach két hop tén giita hai giai doan ké. Vi du thanh ghi éng dan gitra giai doan
IF va ID duoc dat tén 1a IF/ID. Thanh ghi IF/ID ¢6 d6 dai 64 bit (32 bit luu 1énh
dugc duyét tir bo nhd va 32 bit luu dia chi PC ké tiép), cac thanh ghi 6ng dan con lai
ID/EX, EX/MEM va MEM/WB ¢6 d6 dai tuong rng la 128 bit, 97 bit va 64 bit.
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Pé hiéu rd cach thuc hoat dong trong ky thuat ng dan, ching ta xét 1énh 1w duoc
thuc hién trong k¥ thuat ng dan thong qua nim giai doan nhu sau:
— Duyét lénh: hinh 3.14 thé hién lénh dugc doc tir bd nhd ding dia chi chira
trong PC, sau d6 1énh doc duoc dugc luu vao thanh ghi 6ng dan IF/ID. Dia chi PC
tang 1én 4 va dugc luu tré lai PC dé chi dén lénh ké tiép. Pong thoi két qua nay ciing
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duoc luu vao thanh ghi dng dan IF/ID dé xu 1y trong truong hop mot Iénh nhay
tuong (ng. May tinh khéng thé biét duoc loai 1énh s& dugc duyét tiép theo nén phai
lru lai céc thdng tin can thiét vao thanh ghi éng din dé xir Iy cho bt ky loai Iénh
ndo. Trong giai doan nay lénh duoc doc tir bo nhd 1énh nén phan nira cudi cua bo
nhé nay dugc t6 dam. Dbi véi thanh ghi 6ng dan IF/ID dugc ghi dir liéu vao nén
phan nira dau cua thanh ghi 6ng dan nay duoc td dam.
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— Giai ma Iénh va doc cac thanh ghi: Trong hinh 3.15 dia chi offset 16 bit duoc
doc tir IF/ID va duoc mé rong thanh 32 bit twong (ng. Pong thoi xac dinh cac thanh
ghi dé doc dix liéu. Dit liéu duoc doc tir thanh ghi cuing vai dia chi offset 32 bit va gia
tri PC duoc ghi vao thanh ghi 6ng dan ID/EX. Mic du Iénh Iw chi doc mét thanh ghi
ngudn (Read data 1) & giai doan nay, bd xur Iy khdng biét duoc loai 1énh dang dugc
giai ma. Vi thé, gi4 tri hang 16 bit (dwgc mé rong thanh 32 bit) va doc ca hai thanh
ghi duoc luu vao thanh ghi éng dan ID/EX. Ching ta khong can ca ba toan hang,
nhung dé don gian trong diéu khién thi gitr lai ca ba thanh phan nay. Trong giai doan
nay lénh duoc doc tir thanh ghi dng dan IF/ID nén phan nira cudi cua thanh ghi nay
duoc t6 dam. D4i véi thanh ghi éng dan ID/EX duoc ghi dit liéu vao nén phan nua
dau cua thanh ghi éng dan nay dwoc t6 ddm. Trong khi d6 thanh ghi ngudn (Read
data 1) trong tap thanh ghi duoc doc nén phan nira cudi cua tip thanh ghi nay duoc td
dam.
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— Thuc thi hoic tinh dia chi: hinh 3.16 thé hién giai doan ba trong k§ thuat dng
dan caa Iénh Iw. Lénh nay doc noi dung thanh ghi (register 1) dé dua vao thanh phan
dau vao thtr nhat caa ALU. Con thanh phan dau vao thir hai cia ALU duoc lay tir gia
tri dia chi offset 32 bit tir thanh ghi éng dan ID/EX (trudng hop nay gia tri dau vao
cua bo diéu hop (Mux) cd gia tri 1). Sau d6 ALU thuc hién phép toan cong dé xéac
dinh dia chi trong bé nhé dir liéu can truy cap. Két qua cua phép toan cong trong
ALU duoc ghi vao thanh ghi 6ng din EX/MEM. Trong giai doan nay thanh ghi dng
dan ID/EX dugc doc dit liéu nén phan nira cudi cia thanh ghi nay duoc t6 dam. Sau
d6 dit liéu duoc ghi vao thanh ghi 6ng din EX/MEM nén phan ntra d¢au caa thanh ghi
bng dan nay duoc to dam.
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— Truy cap bo nhé: hinh 3.17 thé hién giai doan bdn trong k¥ thuat dng dan caa
lénh Iw. Dia chi 32 bit dugc doc tir thanh ghi EX/MEM dung dé xac dinh noi dung
can doc trong bo nhé dit liéu. Dit liéu dugc doc tir bo nhé s& dugc ghi vao thanh ghi
bng din MEM/WB. Trong trudng hop cua lénh Iw, dir liéu ghi vao bd nhé (write
data) khong hoat dong. Tuong tu cac truong hop trén, doc dit liéu tir thanh ghi dng
dan EX/MEM nén phan nira cudi cua thanh ghi nay dwogc t6 dam va ghi dit liéu vao
thanh ghi 6ng dan MEM/WB nén phan ntra dau cta thanh ghi nay duoc t6 dam.
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— Ghi két qua: hinh 3.18 thé hién giai doan cudi cung trong ky thuat éng dan
cua lénh Iw. Dir liéu duoc doc tir thanh ghi 6ng din MEM/WB va ghi tr lai thanh
ghi dich trong tap cac thanh ghi (Registers) ¢ giai doan hai. B diéu hop (Mux) trong
truong hop nay c6 gia tri dau vao twong tng 1. Do dit liéu duoc doc tir thanh ghi dng
dan MEM/WB nén phan nira cudi cia thanh ghi nay duoc t6 dam. Trong khi do, thao
tac ghi thanh ghi dwoc thuc hién trong tap thanh ghi nén phan nira dau cua tap thanh
ghi dugc t6 dam.
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Nhu vy, dudng di dir liéu két hop ca nam giai doan cua lénh Iw trong k¥ thuat
dng dan duogc thé hién nhu hinh 3.19. Trong hinh ndy, ca bo nhé Iénh (instruction
memory) va b nhé dit liéu (data memory) déu c6 qua trinh doc dit liéu nhung khong
c6 qua trinh ghi dir liéu nén phan nta cudi cua cac bo nhé nay duogc té dam. Trong
khi d6 ca bon thanh ghi éng dan IF/ID, ID/EX, EX/MEM, MEM/WB déu c6 ca hai
qua trinh doc va ghi nén toan b cac thanh ghi nay dugc td6 dam.
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Dé biéu dién duong di dit liéu trong k¥ thuat ng din thuong dung hai loai gian
dd: gian d6 6ng dan da chu ky (multiple-clock-cycle pipeline diagram) va gian d6
bng dan don chu ky (single-clock-cycle pipeline diagram). Hinh 3.12 la gian d6 6ng
dan biéu dién bang da chu ky. Trong khi cac hinh tir hinh 3.14 dén hinh 3.19 14 gian
dd 6ng dan biéu dién bing don chu ky. Gian d6 dng dan biéu dién bing don chu ky
thé hién trang thai duong di dix liéu trong mot chu ky. Gian dd biéu dién bing da chu
trinh thi thé hién cach nhin tong quan trong k¥ thuat éng dan. Xét vi du véi nam 1énh
sau day duoc thuc hién trong ky thuat ong dan:

Iw $10, 20($1)
sub $11, $2, $3
add $12, $3, $4
Iw $13, 24($1)
add $14, $5, $6
Hinh 3.20 thé hién gian do 6ng dan da chu ky ciia nam 1énh trén. Thoi gian theo
chiéu tir trai sang phai va thtr tu 1énh theo chiéu tir trén xudng duéi. Biéu dién cua
céc giai doan 6ng dan dugc thé hién mdi phan theo chiéu thiang ding, dién ra trong
nhirng chu ky xung nhip twong tng.

Time (in clock cycles)
CC1 cc2 cc3 CC4 CCs CCe6 cC7 CcCs cco

Program
execution
order

(in instructions) 1 1 1

Iw $10, 20(81) @—H—‘F@: :@r €9
sub$11, $2, $3 M heg | :@' g
add $12, $3, $4 | M} F=heg ] :9‘ —feg
Iw $13, 24($1) [E— '“EGEIZ :@‘ ‘E“'gi
add $14, $5, $6 @— -E:F@_ _B ﬂrl “':gi

Hinh 3.20: Gian d6 6ng dan biéu dién bang da chu ky
Gian db 6ng dan don chu ky thé hién toan bo trang thai duong dan dit liéu trong
mét chu ky xung nhip, va tat ca nim 1énh trong k¥ thuat éng dan duoc xac dinh bang
nhan & phia trén cac giai doan dng dan trong tng cta ho. Chlng ta dung loai gian do
nay dé thé hién chi tiét nhitng gi xay ra trong k¥ thuat ong dan théng qua mdi chu ky
xung nhip. Gian d6 dng dan don chu ky thé hién mot phan thiang déng trong gian do
dng dan biéu dién bang da chu ky, thé hién duong dan dix liéu caa mdi Iénh trong k¥
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1

& hién gian dd

i du, hinh 3.21 th

don chu ky twong tng vai chu ky thir 5 (CC5) cua hinh 3.20

ng dan ung véi mot chu ky xung nhip cu th

r
6
X

thuat

bng dan

add $14, $5, $6

Iw $13, 24 ($1)

add $12, $3, $4

sub $11, $2, $3

| 1w $10, 20($1) |

Instruction fetch

Instruction decode

Execution

Memory

==

=

PC

IF/ID

ID/EX

Address

Instruction
memory

Read
register 1

Read
register 2

| Instruction

Write
register

Write
data

Read
data 1

Registers Read
data 2

EX/MEM

v

/

Zero
DAL

result

\

Read

Address data

Data
memary

Write
data

| Write-back |

MEMMWB

L

Hinh 3.21: Gian d6 6ng dan don chu ky twong tng véi chu ky 5 cua hinh 3.20
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3.5.3 Piéu khién trong k§y thuat 6ng dan (pipelined control)

Céac duong diéu khién trong ky thuat dng dan duogc thé hién nhu hinh 3.22. Trong
d6 6 bit thap cua truong funct (function code) trong 16 bit dwoc mé rong dau thanh
32 bit duoc luu lai thanh ghi dng dan ID/EX dung 1am tin hiéu vao cho ALU control.
Déi véi bo diéu hop (Mux) c6 2 ngd vao va mot ngd ra cling véi tin hiéu diéu khién.
Néu tin hiéu diéu khién c6 gié tri 1 thi ngd ra s& twong ng véi ngd vao 1 va nguoc
lai tin hiéu diéu khién c6 gi4 tri O thi ngd ra s& twong Gng v&i ngd vao 0. Tin hiéu
PCSrc duoc thiét 1ap bai cong AND. Tin hiéu duoc thiét 1ap (gié tri 1) khi ca hai tin
hiéu Branch va Zero déu duoc thiét 1ap (gia tri 1), nguoc lai tin hiéu nay sé& cd gia tri
0. Tin hiéu Branch chi duoc thiét 1ap cho Iénh beq nén trong trudong hop nay PCSrc
sé cd giatri 1. Cac truong hop khac PCSrc sé cé gia tri 0.

uep Bug 1ényy £ Buoy Uy NP N1y ujl 98D :2g'€ YulH
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Dua vao 2 bit diéu khién ALUOp va 6 bit caa truong ma Iénh (function code) ma
cac bit ALU control dugc thiét 1ap khac nhau nhu thé hién trong bang 3.3

Bang 3.3: Thiét lap céc bit ALU control

?eannr? ALUGp | Lenh (?Sr?crt\i)mn) TTELtJéC Tliﬂigﬁiﬁu
LW 00 load word | XXXXXX add 0010
SW 00 store word | XXXXXX add 0010
i?:aclh 01 ber(jﬂacr XXXXXX |  subtract 0110
R-type 10 add 100000 add 0010
R-type 10 subtract 100010 subtract 0110
R-type 10 AND 100100 AND 0000
R-type 10 OR 100101 OR 0001
R-type | 10 Sm;zr:ess 101010 SEtt?]r;r:ess 0111

C4c tin hiéu diéu khién c6 ¥ nghia nhu sau:

—  RegDst: gia tri 0 xac dinh thanh ghi dé ghi duoc xac dinh bai toan hang rt (bit
20:16). Nguoc lai gia tri 1 thi thanh ghi dé ghi duoc xac dinh béi toan hang rd (bit
15:11).

—  RegWrite: gié tri 0 khong anh huong. Gia tri 1 thé hién ghi dir liéu vao thanh
ghi.

—  ALUSrc: gié tri 0 xac dinh toan hang thtr hai cia ALU lay tir thanh ghi thir
hai (Read data 2). Nguoc lai, gi4 tri 1 thi toan hang tha hai caa ALU lay gia tri mo
rong dau 16 bit thap cua lénh.

—  PCSrc: gia tri 0 thi PC duoc thay thé bai PC+4. Nguoc lai, gia tri 1 thi PC
duoc thay thé boi két qua tinh tong cia ALU dé nhay dén dia chi dich.

— MemRead: gia tri 0 khéng anh huong. Gia tri 1 thi dir liéu duoc doc tir bo
nho.

—  MemWrite: gia tri 0 khong anh huong. Gia tri 1 thi dir liéu duoc ghi vao bo
nho.

—  MemtoReg: gi4 tri 0 xac dinh dit liéu dé ghi vao thanh ghi duoc lay tir két qua
ciia ALU. Nguoc lai, gia tri 1 xac dinh dit liéu dé ghi vao thanh ghi duoc doc tir bo
nho.

C4c tin hiéu diéu khién nay ciing c6 thé duoc chia theo ba giai doan cudi trong ky
thuat ong dan nhu bang 3.4:
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Bang 3.4: C4c tin hiéu diéu khién twong tmg theo 3 giai doan sau cling

. \ . Tin hiéu diéu khié Tin hiéu dié

| Tin hicu didu khién giai doan thyc thi/ | | meu dieukhien - Tin hicu dicy
Lénh , o giai doan truy cap bo khién giai
tinh dia chi ) L

nhé doan ghi lai

Mem- | Mem- | Reg- | Mem-

RegDst | ALUOpl | ALUOpO | ALUSrc | Branch Read | Write | Write | toReg
R-format 1 1 0 0 0 0 0 1 0
Iw 0 0 0 1 0 1 0 1 1
SwW X 0 0 1 0 0 1 0 X
beq X 0 1 0 1 0 0 0 X

Ciing gidng nhu mé hinh thyc thi tuan ty, PC duoc ghi & mdi chu ky xung nhip
(clock cycle). Do d6 trong k¥ thuat 6ng dan khdng c6 thém tin hiéu diéu khién ghi
d6i voi PC. Tuong ty khdng 6 tin hiéu diéu khién ghi di véi cac thanh ghi dng dan
(IF/ID, ID/EX, EX/MEM, va MEM/WB) bdi vi cac thanh ghi nay ciing duoc ghi &
mai chu ky xung nhip.

Pé thiét lap diéu khién trong ky thuat dng din, chlng ta chi can thiét lap céac tin
hiéu diéu khién trong mdi giai doan cua 6ng dan do cac duong diéu khién nay chi
hoat dong trong mdi giai doan tuong ung. Chlng ta c6 thé chia cac tin hiéu diéu
khién nay vao 5 giai doan 6ng dan twong mg nhu sau:

1. Duyét lénh (Instruction fetch): céc tin hiéu diéu khién dé doc lénh trong bo
nhé dé ghi vao PC thi ludn ludn duoc thiét lap. Do d6 khong can chi dinh tin hiéu
diéu khién trong giai doan nay.

2. Giai md Iénh/doc thanh ghi (Instruction decode/register file read): giai doan
nay ciing thyc hién twong tu nhu budc trén nén khdng cé tin hiéu diéu khién nao
duoc bd sung vao.

3. Thuc thi/tinh dia chi (Execution/address calculation): Cac tin hiéu duoc thiét
lap bao gdom: RegDst ding dé lua chon thanh ghi két qua (thanh ghi dich), ALUOp
dé lya chon phép toan ALU va ALUSrc dé doc tir Read data 2 hoac tir mé rong dau
32 hit.

4. Truy cap bdo nhd (Memory access): C4c tin hiéu diéu khién duoc thiét lap
trong giai doan ndy gém cd: Branch, MemRead va MemWrite. C4c tin hiéu nay duoc
thiét 1ap tuong (ng vai 1énh beg, load va store. Tin hiéu PCSrc lya chon dia chi ké
tiép hodc nhay dén dia chi dich néu tin hiéu Branch dugc thiét lap va két qua cua
phép toan ALU bing 0.

5. Ghi két qua tré lai (Write-back): hai tin hiéu diéu khién 1a MemtoReg dé di
chuyén két qua ALU hoic tir bo nhé t6i thanh ghi va RegWrite dé ghi gié tri da chon.
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Hinh 3.23: Céc tin hiéu diéu khién cua ba giai doan dng dan sau cing.

Vi vay chin tin hiéu diéu khién c6 thé duogc luu lai trong cac thanh ghi éng dan
nhu hinh 3.23. Bén tin hiéu dugc ding trong giai doan EX, ndm tin hiéu con lai duoc
luu vao thanh ghi EX/MEM. Ba tin hi¢u dugc dung trong giai doan MEM, hai tin
hiéu con lai duoc luu vaio MEM/WB dé st dung cho giai doan nay.
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Dé diéu khién trong ky thuat éng dan, chdng ta thiét 1ap chin tin hiéu diéu khién
nay cho mdi giai doan ctia mdi Iénh, bang cach ma rong céc thanh ghi éng dan dé
lru giir c4c tin hiéu diéu khién nay. Cac tin hiéu diéu khién nay bt dau tir giai doan
EX nén chiing ta c6 thé tao ra cac tin hiéu diéu khién nay ¢ giai doan giai ma lénh.
Hinh 3.24 thé hién duong dan day du véi cac thanh ghi 6ng dan va nhiing tin hiéu
diéu khién duoc két ndi toi cac giai doan tuong ung.

3.6 TOM TAT

Trong chwong nay gidi thiéu tong quan nguyén ly hoat dong cua vi xur Iy MIPS.
Trinh bay co ban duong din dir liéu caa ba loai 1énh: 1énh s6 hoc — luan ly, Iénh
truyén dit liéu va Iénh r& nhanh. T chac hoat dong cua bo tinh toan va luan ly
(ALU) dé thuc hién phép toan tiy thudc vao ting loai 1énh . Dua vao ba loai [énh co
ban, thiét 1ap cac tin hiéu diéu khién caa bo diéu khién chinh. Ky thuat 6ng dan 1a ki
thuat ma nhiéu lénh dugc thyc hién theo dang nap chong. Uu diém cua ki thuat dng
dan 1a thyc thi 1énh nhanh hon nhiéu lan so véi thuc hién Iénh theo tuan tu. Dé diéu
khién trong k¥ thuat 6ng dan, chiing ta sir dung céc thanh ghi dng dan.
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No akowd

CAU HOI VA BAI TAP CHUONG 3

Nhitng diém khéac biét chinh giita cac 1énh sé hoc — luan Iy va cac lénh truy cap

b6 nho?

Céch thurc hoat dong caa bo tinh toan va luan ly?
Céch thire hoat dong cua bo didu khién chinh?

Y nghia cua céc tin hiéu diéu khién?
Céc budc thyc hién lénh load va store nhu thé nao?

K§ thuat dng dan la gi?
Cho so dd nhu sau:
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Add

Instruction [25:21]

RegWrite

Read
address

Instruction [20:16]

Instruction 4 | )

[31:0] M

Instruction | | Instruction [15:11]| &
memory | g¢—m7m ——+| 1

RegDst

Instruction [15:0]

_ | Read

register 1 Read

Read data1
register 2

Write Read
register data 2

.| Write

data Registers

ALU
Addresult

MemWrite

MemtoReg

Read

18 Sign-

extend

Instruction [5:0]

Address data —

(=123 =

Data

32

Write memo
data v

MemRead

ALUOp

Hay vé so d duong di dit liéu ddi véi dinh dang lénh R-format (chi y: chi vé
cac dudng tin hiéu va céc thanh phan hoat dong, nhiing tin hi¢u va thanh phan

khdng hoat dong thi khong vg).



8. Cho so dd nhu sau:

Add

RegWrite
Instruction [25:21] Read
Read *| register 1
address Read
Instruction [20:16] Read data 1
Instruction »s 3 register 2
(31:0] M| |Write  Read
Instruction | | nstruction [15:11]| ¥ | | register data2
memory |¢— 5| .
| Write
ReaDst data Registers

Instruction [15:0]

16 Sign-

extend

Instruction [5:0]

ALU
Addresult

MemWrite

Address data

32

ALUOp

Write memo
data v

MemtoReg

Read

—

oxe S -

Data

MemRead

Hay cho biét cac gia tri cua cac tin hiéu diéu khién (RegDst, RegWrite, ALUSTrc,
MemWrite, MemRead, MemtoReg va PCSrc) d6i véi duong di dir liéu cua dinh
dang Iénh R-format? Giai thich?
9. Cho so dd nhu sau:

Add

4 —

Instruction [25:21]

Read
address

Instruction [20:16]

Instruction
[31:0]

Instruction
memory

4 T_,O

M
Instruction [15:11] E

| 1

RegDst

Instruction [15:0]

RegWrite

_ | Read
register 1 Read
Read data 1
register 2
Write Read
register data2
Write

data Registers

16 Sign-

extend

Instruction [5:0]

ALU
Add gqit

MemWrite

32

ALUOp

MemtoReg

Read
Address data

—

oxc = —

Data
Write memo
data v

MemRead

Hay v& so d6 dudng di dir liéu ddi voi dinh dang lénh load (chd y: chi vé cac
duong tin hiéu va cac thanh phan hoat dong, nhitng tin hiéu va thanh phan khong
hoat dong thi khong ve).
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10. Cho so db nhu sau:

—
Add l
ALU
4 Addggt
RegWrite a-
Instruction [25:21] Read .
Lol pe L Egcéllr% - register 1 ooy MemWrite
Instruction [20:16] Read  datai R .
. register 2 Zero MemtoReg
Instruction L | ) ALU
[31:0] M| | Write Read ALL|JI | Address F;‘:jeaﬁg —
Instruction | | nstruction [15:11]| & [7| register data2 resu hu“
memory |g——M7F7 | 3 X
. ‘;\n’rite [ 0
- ata Registers Dat:
RegDst Write me;:ry
data
Instruction [15:0] 16 Sign- 32
extend

MemRead

Instruction [5:0]

ALUOp

Hay cho biét cAc gié tri cia cac tin hiéu diéu khién (RegDst, RegWrite, ALUSIc,
MemWrite, MemRead, MemtoReg va PCSrc) ddi véi duong di dir liéu caa dinh
dang Iénh load? Giai thich?

11. Cho so do nhu sau:

Add
ALU
4— Add,ggyt
RegWrite =
Instruction [25:21] Read
Read > i MemWrite
L. | o ass . register 1 po.4
Instruction [20:16] Read data 1 i MemioR
. register 2 A Zero viemiorieg
Instruction " | 0 ALU
[31:0] M| [Wite  Read ALU Lo Adoress o201
Instruction | | nstruction [15:11]| x | | edister daia 2 resul o I:.‘I
memory |¢—— | X
- ‘a'wite 4 0
- ata Registers Data
RegDst Write mamory
data
Instruction [15:0] 16 Sign- 32
extend

MemRead

Instruction [5:0]

ALUOp

Hay vé& so d6 duong di dir liéu dbi véi dinh dang Iénh store (chd y: chi vé céc
duong tin higu va cac thanh phan hoat dong, nhiing tin hiéu va thanh phan khéng
hoat dong thi khong ve).
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12. Cho so d6 nhu sau:

—
Add l
4 —
RegWrite
Instruction [25:21] Read i
el ideélr%ss register 1 Read MemWrite
Instruction [20:16] Read data 1 MemioR
. register 2 Zero JiemioReg
Instruction | J | ALU
(31:0] Write Read ALUL L, AddressR;E;d 1
Instruction | | Instruction [15:11] register data 2 reeult e M
memory |¢——moeo—— & :
.| Write . 4 0
RegDst data Registers Write mg:.'l:
data Y
Instruction [15:0] 16 (gign-| 32

extend

MemRead

Instruction [5:0]

ALUOp

Hay cho biét cac gié tri cua cac tin hiéu diéu khién (RegDst, RegWrite, ALUSrc,
MemWrite, MemRead, MemtoReg va PCSrc) ddi voi dudng di dir liéu caa dinh
dang Iénh store? Giai thich?

13. Cho so d6 nhu sau:

—
Add
ALU
4= Addyggyt
RegWrite -
Instruction [25:21] Read .
L | PC (8 Eg;gss register 1 pmoq MemWrite
Instruction [20:16] Read  datai K MamioR
; register 2 A 7ero VlemtoReg
Instruction | | ALU
[31:0] Write  Read . é\slﬂLIi p+| Address H;;g -
Instruction | | |nstruction [15:11] register data2
memory (¢— o
| Write ) 4
RegDst data Registers Wit mE:-,t:
data v
Instruction [15:0] 16 Sign- 32

extend

MemRead

Instruction [5:0]

ALUOp

Hay vé so do duong di dir liéu ddi voi dinh dang lénh beq (chi y: chi vé cac
duong tin higu va cac thanh phan hoat dong, nhiing tin hiéu va thanh phan khéng
hoat dong thi khong ve).
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14. Cho so d6 nhu sau:

PCSrc

Add

ALU
4— Add gt

RegWrite +

Instruction [25:21] Read

L, - Egcellr%ss register 1 gaaq MemWrite
Instruction [20:16] Read data1
register 2 Zero MemtoReg
Instruction » | ) ALU
[3101 M WH.TS Read r:slalé v Address P(ljes_ﬂg —
Instruction | | instruction [15:11]| § || register data2 M
memory |¢—— 5| 4 X
.| Write 0
ReqDst data Registers Write Data
. memo
data i
Instruction [15:0] 18 Sign- 32

extend

MemRead

Instruction [5:0]

ALUOp

Hay cho biét cac gié tri cua cac tin hiéu diéu khién (RegDst, RegWrite, ALUSrc,
MemWrite, MemRead, MemtoReg va PCSrc) d6i véi duong di dir liéu cua dinh
dang Iénh beq? Giai thich?
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CHUONG 4
BO NHO

Muc dich: Gidi thiéu tong quan vé nguyén ly hoat dong cua bo nhé cache: truy
cap bo nha cache, xur Iy that bai, xt 1y ghi...Céc dai lugng dung dé do ludng bo nho
cache va phuong phap dé cai tién hiéu suat caa bo nhé cache.

4.1 G101 THIEU

Trong chuong nay ching ta s& tim hiéu mot sé khai niém dic trung cho hoat dong
ctia bo nhd. Sau d6 sé& tim hiéu chi tiét vé nguyén Iy hoat dong caa bd nhé cache, 1a
bo nhé duoc thiét ké trung gian gitta CPU va b nhé chinh (RAM).

Truy cap dir liéu trong bo nhé thuong tuan theo nguyén tic thoi gian va nguyén
tac khdng gian:

—  Nguyén tic thoi gian: néu mét khéi dit liéu duoc tham khao thi khéi dir liéu
nay c6 khuynh hudng ching bao 1au s& duoc tham khao lai lan nira.

—  Nguyén tic khdng gian: néu mot khéi dit liéu dugc tham khao thi cac khéi di
lieu ké véi khdi nay co khuynh hudng chang bao 1au s& dugc tham khao.

Duva va thoi gian truy cap, dung lugng va gid thanh ma b nhé dugc phén thanh
cap bac bd nhd (memory hierarchy) nhu dugc thé hién ¢ hinh 4.1. B nhé ¢6 toc do
truy xuat nhanh thi c6 dung lugng nho, gia thanh cao. Nguoc lai, bo nhd ¢ tée do
truy xuat cham thi c6 dung lugng I6n va gia thanh thap.

Toc dd Bd Nhé Kich thwéc | Chi phi ($/bit)
Nhanh nhit Register Nho nhat Cao nhét
SRAM
DRAM
Cham nhat Pia tir Lén nhat Thip nhat

Hinh 4.1: Cau trdc caa cap bac bo nho.

Ngay nay, c6 ba ky thuat co ban dé xay dung cip bac bo nha: tha nhat, bo nho
cache dung k¥ thuat SRAM (Static Random Access Memory). Thi hai, b nhé chinh
thi sir dung ky thuat DRAM (Dynamic Random Access Memory). Tha ba, bd nhé
ngoai thi dung ky thuat dia tir (magnetic disk). Thoi gian truy xuit ciing nhu gia
thanh cua ba ki thuat nay dugc thé hién trong bang 4.1 (tham khao nam 2008).
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Bang 4.1: So sanh gitra ba ki thuat trong cap bac bo nhé

Coéng nghé Thot gian truy cap Chi phi
bd nhé ($/GB niim 2008)
SRAM 0.5-2.5ns $2000 — $5000
DRAM 50 — 70 ns $20 - $75
bia tu 5,000,000 — 20,000,000 ns $0.20 — $2

Dit liéu duoc truyén theo dang khéi (block). Khi CPU yéu cau mot khi dit liéu
trong cache ma khdi nay hién dién trong cache thi yéu cau nay dwoc goi la mét thanh
cong (hit). Nguoc lai, néu khéi nay khong cé trong cache thi yéu cau nay 1a mot that
bai (miss). Ty Ié thanh céng (hit rate) 1a ty s6 cua sé lan truy cap thanh cong trén
tong s lan truy cap. Ty Ié that bai (miss rate) bang 1 — ty Ié thanh cong, 1a ty s6 cua
s6 lan truy cap that bai trén tong s6 lan truy cap. Ngoai ra, thoi gian thanh céng (hit
time) 1a thoi gian truy cap trong cache bao gom thoi gian dé xac dinh mot yéu cau
truy cap la thanh cong hay that bai. Tring phat that bai (miss penalty) 1a thoi gian dé
thay thé khéi trong cache bang khéi tuong ng trong bo nhé chinh cong véi thoi gian
dé phan phéi khdi nay téi CPU. Céc dai lugng nay duge ding dé do ludong hiéu suat
ctia cap bac bo nhé.

4.2 BO NHO CACHE
4.2.1 Téng quan

Cache 12 bo nhé nam & cép cao nhit trong cap bac bo nhg, dam nhiém vai tro giao
tiép gitra CPU va bo nhg chinh. Trudc tién, chiing ta xét cu trc mot cache don gian
nhu hinh 4.2. Cache duogc khoi tao chtra cac khdi Xy, Xa, ... , Xn1.CPU dua ra yéu
cau tham khao dén khéi X, ma khéi nay khdng cé trong cache (dan dén mot that bai
cache). Do @6 phai tim khdi nay trong bo nhé, sau d6 ghi vao trong cache.

X4 X4
X4 X4
Xn -2 Xn -2
Xn—1 Xn-1
Xo Xo

Xn
X3 X3

Hinh 4.2: B6 nhé Cache truéce va sau khi CPU tham khao tir X,
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Nhu vay c6 hai van dé can xem xét: thi nhat, cac khdi dugc luu trit nhu thé ndo
trong cache. Thir hai, lam cach nao dé tim khdi trong cache. M6 hinh don gian nhat
thuong duoc sir dung 12 &nh Xa truc tiép (direct mapped). Mé hinh nay sé& anh xa dia
chi bo nhd cia mot khdi sang chinh xac mot vj tri trong cache theo cong thic:

(dia chi khéi trong bo nhé) modulo (sé khéi trong cache)

S6 khéi trong cache thuong duoc chon 1a liy thira 2 nén vj tri trong cache chinh
bang logz(sé muc tir trong cache) bit thap trong dia chi bo nhd cua khéi do6. Vi du
cache c6 8 khdi thi vi trf trong cache chinh bang 3 (8=2%) bit thip trong dia chi cua
khdi. Hinh 4.3 thé hién cach anh xa truc tiép cac dia chi 119(00001,) va 294 (111015)

dugc anh xa twong ung téi vi tri 110 (0012) va 51 (101;) trong cache.
Cache

oo —Q
(= =]
oo o —

101
110
111

2 :\

X

‘ 4 \ ~

00001 00101 01001 01101 10001 10101 11001 11101
Memory

Hinh 4.3: Anh xa truc tiép tir bo nh¢ sang cache cé 8 khéi

Nhu vay s& ¢ nhiéu khéi bo nhd ¢ thé dugc anh xa vao cing mot vi tri trén
cache. Lam thé nao dé biét duoc khdi nao dang dwoc anh xa trong cache. Dé giai
quyét van d& nay, ching ta bd sung vao céc thé (tags) chira thong tin vé khdi do. Cu
thé cac thé nay chira céc bit cao con lai trong dia chi cua khdi sau khi dé loai bo cac
bit thap x4c dinh vi tri khdi trong cache. Nhu hinh 4.3 & trén thi cac thé nay chinh la
2 bit cao trong 5 bit dia chi khoi.

Ngoai ra, khi CPU méi khai tao thi cac khéi trén cache la rdng, tuc cac khéi nay
khong c¢é ¥ nghia khi dugc tham khao dén. Hoac sau mét thoi gian hoat dong mot s6
khéi trén cache c6 thé trong. Bé mot tham khao dén mot khdi trén cache la mot khdi
dugc &nh xa thyc su boi mot khdi trong bo nhé. Nguoi ta bo sung thém mat bit hop
ly (valid bit). Khi bit nay dugc thiét lap tic 12 khdi trén cache 12 mot khéi duoc anh
xa tir mot khéi trong bo nhé. Nguoc lai, bit ndy c6 gia tri 0 tic 1a khdi trén cache
khong c6 ¥ nghia khi dwgc tham khao dén.
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4.2.2 Truy cap bo nhé Cache

Dé hiéu nguyén tic van hanh caa cache, ching ta xét vi du bo nhé cache gom c6 8
khéi, duoc khai tao rdng. CPU lan luot truy cap 9 dia chi b nhé. Cac tham khao nay
dén cache c6 thé thanh cong hoic that bai nhu duoc thé hién ¢ bang 4.2. Do cache ¢6
8 khéi nén duing 3 (2°) bit thip trong dia chi dé xéac dinh vi trf trong cache.

Bang 4.2: CPU lan luot truy cap 9 dia chi b nhé

Dia chi truy cap | Dia chitruy cap | Thanh cong | Khéi duoc anh xa trong cache

(hé thap phan) | (hé nhi phan) / that bai (tim thay hoic thay thé)
22 10110, T.bai(4.4b) (10110, mod 8) = 110
26 11010, T.cong(4.4c) (11010, mod 8) = 010
22 10110, Thanh cbng (10110, mod 8) =110
26 11010, Thanh céng (11010, mod 8) = 010
16 10000, T.bai(4.4d) (10000, mod 8) = 000
3 00011, T.bai(4.4e) (00011, mod 8) = 011
16 10000, Thanh céng (10000, mod 8) = 000
18 10010, T.bai(4.4f) (10010, mod 8) = 010
16 10000, Thanh céng (10000, mod 8) = 000

Do ban dau cache duogc khai tao rong nén mot sé tham chiéu dia chi dau khéng cé
trong cache nén that bai (miss). Tham chiéu dia chi 18 (thar 8 trong danh sach) xay ra
hién tuong thay thé khi hién c6 tai vi tri nay. Khéi tai dia chi 18 (10010,) duoc dit
vao Vi tri khéi cache s6 2 (010,) thay thé khdi & dia chi 26 (11010,) dang vi tri nay.

Piachi | V | Thé Dir ligu Piachi | V| Thé Dir ligu
o000 |N 000 | N

o001 |N 001 | N

010 |N 010 | N

o1 |N 011 | N

100 | N 100 | N

101 | N 101 | N

1120 | N 110 |Y | 10 | Mem.(10110)
111 | N 111 | N

a. Trang thai khai tao cua cache
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Piachi | V | Thé Dir ligu Piachi | V| Thé Dir liéu
o000 |N 000 | Y| 10 | Mem.(10000)
oo1 | N 001 | N
010 |Y| 11 | Mem.(11010) 010 |Y| 11 |Mem.(11010)
o11 |N 011 | N
100 | N 100 | N
101 | N 101 | N
110 | Y| 10 | Mem.(10110) 110 | Y| 10 | Mem.(10110)
111 | N 111 | N

c. Xt ly that bai cua dia chi (11010)

d. Xir ly that bai cua dia chi (10000)

Piachi | V | Thé Dir liéu Piachi | V| Thé Dir liéu
oo | Y| 10 Mem.(10000) 000 |Y| 10 | Mem.(10000)
oor | N 001 N
oo |Y| 11 Mem.(11010) 010 |Y| 10 | Mem.(10010)
o121 | Y| 00 Mem.(00011) 011 |Y | 00 | Mem.(00011)
100 | N 100 N
101 | N 101 N
110 |Y | 10 Mem.(10110) 110 | Y| 10 | Mem.(10110)
111 N 111 N

e. Xir ly that bai cua dia chi (00011)

4.2.3 Xir ly that bai cache

f. Xt ly that bai cua dia chi (10010)
Hinh 4.4: Bo nhd cache véi lan luot 9 dia chi duoc truy cap

Khi CPU truy cap mot khdi trong cache, néu thanh cong (khdi can truy cap c6
trong cache) thi CPU thyc thi tiép tuc thyc thi binh thuong. Nhung khi xay ra that bai
cache (khéi can truy cap khdng co trong cache) thi phai tim khéi nay trong b nhé va
ghi vao lai trong cache. Xt ly that bai cache dwoc thuc hién két hop voi bo diéu
khién (CU — control unit) cua CPU. Bé xtr ly that bai cache CPU thyc hién mot su tri
hoén (stall) trong mot sé chu ky xung nhip. Tic 1a trong lac doi dir lidu tir bo nha,
CPU khdng thé thuc hién cac 1énh tiép theo. Do d6, gia tri cua cac thanh ghi s& duoc

luu lai.

Dbi véi lénh gay ra that bai cache thi lGc nay noi dung thanh ghi lénh 1a khdng
hop ly. DPé lay lénh thich hop, ching ta phai doc tir bo nho. Do thanh ghi PC
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(program counter) tu dong ting 1énh vao dau cua chu ky thuc thi Iénh, nén dia chi
lénh gay ra that bai cache bing gid tri cua thanh ghi PC — 4.

Nhu vay, cac budc can thuc hién ddi vai 1énh gay ra that bai cache:

1. Gui gia tri PC ban dau (PC — 4) t&i bo nhé

2. Thuc hién thao tac doc bé nhé va cho bo nhé hoan thanh tac vu.

3. Ghi dir liéu vao cache, ghi cac bit cao cua dia chi vao truong tag va bat bit
hop 1€ (valid).

4. Khéi tao thuc thi Iénh & bude dau tién.

4.2.4 Xir ly ghi

Thao tac ghi thi phuc tap hon. Gia st chiing ta mudn ghi dit liéu véi 1énh store,
néu dit liéu duoc ghi vao cache ma khong ghi twong wng vao bo nhé. Khi d6 s& xay
ra tinh trang khdng nhit quan dir liéu gitta cache va bo nhé. Dé giai quyét van dé
nay, cac cach ghi duoc dua ra gom co:

—  Ghi dong thoi (write-through): day 1a cach don gian nhat dé thyc hién nhat
quéan di liéu gitra cache va bd nhd. Ghi dong thoi dugc thuc hién bang cach di ligu
dugc ghi dong thoi vao cache va bo nhé tuong tng. Miac du cach ghi nay don gian
nhung hiéu suét lai khdng cao. Vi mdi thao tac ghi, dir liéu déu duoc ghi vao bo
nhé (can nhiéu thoi gian, it nhat 1a 100 chu ky xung nhip), do d6 1am cham téc do
ciia CPU. Vi du véi chuong trinh c6 10% la lénh store néu CPI (trong truong hop
khong c6 that bai cache) la 1.0. Mai lan ghi can 100 chu ky xung nhip thi CPI s& la:
1.0 + 100 x 10% = 11. Do d6 1am giam hiéu suat hon 10 lan.

—  Ghi @ém (write buffer): bd nhd dém Iuu dir liéu trong khi cho ghi vao bo nhé.
Sau khi dit liéu duoc luu vao cache va bo nhé dém, CPU tiép tuc thuc thi. Khi dit
liu duoc ghi vao cache thi vi tri trén b nhé dém duoc giai phong. Néu bo nhg dém
day trong khi CPU thyc hién thao tac ghi thi CPU phai duoc tri hodn (stall) cho dén
khi c6 vi tri tréng trén bo nhd dém. Néu ti & ghi vao bo nhd thap hon so véi ty 1é ghi
ciia CPU thi khi d6 bd nhé dém s& ddy va CPU phai thuc hién tri hodn. Van dé nay
xuat hién khi luc nao d6 CPU thyc hién thao tac ghi vai tan suit cao. Dé tranh véan dé
tri hodn do bo nhé day thi c6 thé ting kich thudc cua bo nhg dém.

—  Ghi lai (write-back): khi thuc hién thao tac ghi, gia tri méi chi dugc ghi vao
khéi trong cache. Khéi thay doi nay s& dugc ghi vao bo nhg khi khéi nay duogc thay
thé. Cach nay cai thién dang ké hiéu suat hoat dong cua hé théng khi CPU c6 toc do
ghi nhanh hon dap ung thao tac ghi ciia bo nhé. Nhung van dé cai dat s& phac tap
hon so véi ghi dong thoi.

4.2.5 Thiét ké bd nhé hd tro cache

Nhu ching ta d4 biét bo nhé chinh dugc xay dung dua trén ki thuat DRAM. CPU
thi duoc ké ndi vai bo nhé chinh théng qua bus, nhung xung nhip cia bus thi thuong
thap hon xung nhip cia CPU. Do d6 téc d6 xung nhip cua bus 1am anh huéng dén
thoi gian trimg phat that bai. Bé giam tring phat that bai thi c6 thé ting bang thong
(bandwidth) tir bo nhé téi cache. Bé hiéu duoc anh huong cua té chirc b nhé khac
nhau, chiing ta xem xét mot vai khai niém vé thoi gian truy cap bo nho, gia sir:
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= Can 1 chu ky xung nhip bus bo nhd dé gui dia chi
= 15 chu ky xung nhip bus bd nhé cho méi 1an khai tao truy cap vao DRAM
= 1 chu ky xung nhip bus bd nhé dé truyén mét tir (word) dix liéu
Néu chiing ta c6 khéi cache gébm 4 tir va bang thong 1a 1 tir thi trirng phat that bai
sélal+4x15+4 x1=65chuky xung nhip bus bd nhé. Do dé sé byte dugc
truyén trén mot chu ky xung nhip bus déi véi mot that bai sé la:
4 x4

—— =02
- =025

C6 3 céch dé thiét ké hé thong bo nhé nhu dugc trinh bay trong hinh 4.5. Céch thu
nhét 12 thiét ké hé théng bd nhé véi cache c6 d6 rong bus 1a 1 tir. Nhu vay cac truy
cap vao bd nhd duoc thuc hién tuan tu. Cach thir hai ting bing théng bd nhé biang
cach ma rong bo nhd va bus, cho phép truy cap nhiéu tir caa khéi. Cach thir ba ting
bang thong bang cach ma rong b nhé nhung khéng mé rong d6 16n caa bus. Ching
ta c6 thé thay ¢ cach thir hai va ba sé& cai thién thoi gian trirng phat that bai so véi
cach tha nhat.

Khi tang do rong cua bo nhé va cua bus thi s€ lam tang bang thong bo nhé tuong
ng, 1am giam thoi gian truy cap va thoi gian truyén. Véi b nhé co do rong hai tir,
tring phat that bai giam tir 65 chu ky xung nhip bus b nhé & cach t6 chic thir nhat
xuéng con 1 + 2 x 15 + 2 x 1 = 33 chu ky xung nhip bus bd nhé. Bing thong tuong
g sé& bang 0.48 (ting gan gip doi so véi cach thir nhat) byte trén chu ky xung nhip
bus.

Processor Processor Processor

/ﬂultiplexor
Cache Cache
Cache
,/\\ ,/\., //\\
Bus Bus Bus
= =i "\///’ ‘\ /’
Memory Memory || Memory || Memory || Memory
bank 0 bank 1 bank 2 bank 3
b. Wider memory organization c. Interleaved memory organization

Memory

a. One-word-wide
memory organization

Hinh 4.5; Ba cach t6 chuc bd nhé khac nhau

Thay vi tang do rong ciia bo nhd va bus rong hon thi ¢ cach to chic thir ba lai chia
bo nhé thanh céc day (bank) dé c6 thé doc hodc ghi nhiéu tir trong mét lan truy cap
so Vvé6i chi mét tir trong mdi 1an truy cap ¢ cach tha nhat. Mdi day c6 do rong mot tir
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bang va&i d6 rong cua bus va cache. Nhung khi giri dia chi t6i nhiéu ddy s& cho phép
doc ddng thai. Vi du, voi bo nhd chia thanh bbn day thi thoi gian dé truy cap khoi
goém c6 bdn tir bao gdm 1 chu ky dé truyén dia chi va yéu cau doc t6i cac day nay, 15
chu ky dé truy cap bon day nay va 4 chu ky dé truyén bén tir toi cache. Nhu vay,
tring phat that bai s& 1a 1 + (1 x 15) + 4 x 1 = 20 chu ky xung nhip bus bo nhé. Biang
thong s& 1a 0.80 byte trén chu ky xung nhip, ting hon ba lan so cach té chic vai bo
nhd va bus mot tir.

4.3 PO LUONG VA CAI TIEN HIEU SUAT CACHE

Trong phan nay, ching ta s& gidi thiéu vé cach do ludong va phan tich hiéu suat
ctia bo nhd cache. Sau dé, trinh bay cac ky thuat dé cai tién nhiam nang cao hiéu sut
cache.

Chiing ta c6 thé tinh thoi gian CPU (CPU time) dua vao sé chu ky xung nhip thuc
thi CPU (CPU execution clock cycles), sé chu ky tri hodn bo nhg (Memory-stall
clock cycles) va thoi gian chu ky xung nhip (clock cycle time). Gia sir rang thoi gian
truy cap thanh cdng cache 1a mot phan cua thoi gian thuc thi chuong trinh. Nhu vay:

Thoi gian  _ [ S6 chu ky xung N S6 chu ky tri ] . Thoi gian chu
CPU nhip thuc thi CPU hoén bo nho ky xung nhip

Thoi gian tri hodin do bo nhé chinh 1 that bai cache. Bé don gian chung ta gia st
xem xét véi md hinh bo nhé don gian. Trong hé théng CPU thuc thi s6 chu ky tri
ho&n b nhé ¢d thé phuc tap hon. S6 chu ky tri hodn bo nhé nay dugc dinh nghia 1a
s6 chu ky tri hodn doc (read-stall cycles) va s6 chu ky tri hodn ghi (write-stall
cycles):

S6 chu ky tri hodn

o = sdchuky trihodndoc +  sb chu ky tri hodn ghi
bo nhé

S6 chu ky tri hodn doc dugc xac dinh dua vao sé lan doc (reads), chuong trinh
(program), tring phat that bai doc (read miss penalty) va ty 1¢ that bai doc (read miss
rate):

Sbchuky _ sblandoc

= X ty ¢ thit bai doc X tring phat that bai doc
tri hoan doc chuong trinh yle at bat do ung pnat that bai do

Dbi véi s6 chu ky tri hoan ghi thi dugc xac dinh phic tap hon so véi doc. Theo
mo hinh ghi déng thoi (write-through) thi s chu ky nay duoc tinh dua vao: that bai
ghi (thao tac nay doi héi xac dinh khéi trude khi ghi) va thoi gian tri hodn ghi dém
(write buffer stalls) do bo nhé dém day khi thuc hién thao tac ghi. Do do:

Séchuky [ sé 1an ghi

X 5 A A - - X N X . .
tri hodn ghi ty 1€ that bai ghi trirng phat that bai ghD

chuong trinh

+ thoi gian tri hoan ghi dém
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Trong hé théng véi do rong bo dém ghi hop Iy (bdn tir hoac 16n hon) va tan sé ghi
trung binh cua chuong trinh khong vurot qua kha nang ghi vao bo nhé thi thoi gian tri
hodn ghi dém la twong ddi nho va cé thé bo qua.

Trong hé théng bd nhé td chirc theo mé hinh ghi ddng thoi thi thoi gian trieng phat
ghi va doc 13 nhu nhau (thoi gian dé tim khdi tir b nhé). Gia sir bé qua thoi gian tri
hodn ghi dém (write buffer stalls), ching ta cd thé gop chung ty 18 that bai (miss rate)
va trimg phat that bai (miss penalty) cua thao tac doc va ghi thi ta duoc cong thuc
tinh s6 chu ky tri hodn bo nhé nhu sau:

Séchukytri _ sblan truy cap bo nho . Wl tringphat
hodn bo nho chuong trinh that bai that bai
hay:
S6 chu ky tri sb lénh sb 1an that bai . L
= ——— X —————— X trung phat that bai

hodn bo nhé chuong trinh Iénh

Xét mot vi du cy thé nhu sau: xét mot hé thdng ty Ié that bai (miss rate) cua cache
Iénh (instruction cache) la 2% va cua cache dir liéu (data cache) la 4%. Gia sit CPU
trong truong hop khéng co tri hodn bo nhg co CPI 1a 2 va tring phat thét bai cho
thao tac doc hoac ghi la 100 chu ky. Hay x4c dinh CPU nhanh hon bao nhiéu 1an
trong treong hop cache hoan hao (perfect cache — truong hgp CPU khéng co tri hoédn
do bo nhé) so véi truong hop co tri hodn do b nhd. Gia sir tan sé cua lénh load va
store la 36%.

Goi tong sb 1énh 1a | (instruction count), s6 chu ky tri hodn b nhé caa cache Iénh
(Instruction miss cycles) sé la:

| x 2% x 100 = 2.00 x |

Do tan sé cua cac lénh load va store 1a 36% nén s chu ky trirng phat bo nhé caa
cac lénh tham khao dir liéu (data miss cycles) la:

| x 36% % 4% x 100 = 1.44 x |

Tong s6 chu ky tri hodn do bo nhé s& 142.0 | + 1.44 | = 3.44 |, ¢6 nghia 14 nhiéu
hon ba chu ky tri hodn bd nhé trén mdi Iénh. Do d6 CPI trong trudng hop bao gom
tri hodn do bo nhé s& 1a 2 + 3.44 = 5.44. Ty s6 thai gian thuc thi CPU Ia:

Thoi gian thuc thi (tri hodn) B | X CPli hoan X chu ky xung nhip
Thoi gian thuc thi (cache hoan hao) "~ 1 x CPlhoan nao X chu ky xung nhip
CPlyihoasn 544
CI:)|hoém hao - 2

N6i cach khéc, hiéu suat vai cache hoan hao thi tét hon: % =2.72

Ngoai ra, dé danh gia hiéu suat cache ngudi ta con dung thoi gian truy cap bo nho
trung binh (average memory access time — AMAT). Pai luong nay dugc dinh nghia
bang cdng thuc sau:
Thoi gian truy

AMAT T R
cap thanh cong

+ Tyléthatbai X Trung phat that bai
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Dé hiéu rd hon ta xét vi du sau: mot hé théng véi CPU ¢6 chu ky xung nhip la
1ns, trirng phat that bai 1a 20 chu ky xung nhip, ty I¢ that bai 12 0.05 that bai trén mot
lénh va thoi gian truy cap cache (bao gém xéac dinh thanh cong) 1a 1 chu ky xung
nhip. Gia str trirng phat that bai doc va ghi 13 nhu nhau. Hay tinh AMAT.

Thai gian truy cap bo nhé trung binh sé la:

Thoi gian truy

cap thanh cong
= 1+40.05x20 = 2chukyxung nhip
hay 2 ns.

4.3.1 Thay thé khoi

AMAT + Tyléthatbai X Trung phat thit bai

Trong trudng hop tht bai cache, chung ta c6 ba mé hinh dé thay thé khdi trong
cache 1a: anh xa tryc tiép (direct mapped), két hop hoan toan (fully associative) va
két hop theo tap hop (set associative).

— M& hinh anh xa truc tiép: mdi khéi duoc dat chinh xac vao mot vi tri trong
cache theo cong thurc sau:

(block number) modulo (number of blocks in the cache)

— Két hop hoan toan: mdi khdi dugc dat vao bat ky vi tri nao trong cache. Do
d6 dé tim khéi trong cache phai thuc hién song song so sanh thé (tag) voi tat ca céc
vi tri trong cache. Piéu nay lam ting thém chi phi. Vi vay, md hinh nay chi thich hop
véi cache c6 s6 khéi nho.

— Két hop theo tap hop: md hinh nay sé& chia cache thanh nhiéu tap hop, mdi
tap hop ¢ n phan tr bang nhau, duoc goi 1a két hop theo tap hop ¢ n phan tir (n-
way set associative). Khdi s& dugc dat vao mot trong nhitng vi tri caa mot tap hop
xac dinh theo cong thuc:

(s6 khdi) modulo (sé tap hop trong cache)

Do d6 khi xac dinh khéi trong truong hop nay, ching ta chi can so sanh thé (tag)
véi cac phan tir trong mot tap hop xac dinh.

Dé hiéu rd hon, ching ta xem vi du b nhé cache c6 8 khoi, khéi 12 trong bo nho
duoc dat vao cache twong tng theo ba cach nhu thé hién trong hinh 4.6.

Direct mapped Set associative Fully associative
Block# 01234567 Set# 0 1 2 3
Data Data Data
1 1 1
T Ta Ta
ag 2 9 12 J 2

— sean TTTTTTT1

Hinh 4.6: Khéi 12 duoc dit vao cache twong tng véi ba mé hinh
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Trong md hinh anh xa tryuc tiép, khéi 12 dwoc dit vao chinh xac mot vi tri trong
cache duoc xac dinh theo cong thirc (12 modulo 8) = 4. G md hinh két hop theo tap
hop, trong truong hop nay chia thanh bon tap hop, mai tap hop cé hai phan ter. Khéi
12 s& duoc dat vao mot trong hai vi tri trong tap hop c6 chi sé 1a (12 modulo 4) = 0.
Con ¢ md hinh két hop hoan toan thi khéi 12 cd thé dat bat ky vi tri ndo trong 8 vi tri
trong cache.

Nhu vay, md hinh anh xa truc tiép va két hop hoan toan 1a mét trudong hop dic
biét cia md hinh két hop theo tap hop. Anh xa truc tiép chinh 1a trudng hop két hop
theo tap hop mét phan tu, tic 14 chia cache thanh n tap hop (n 1a tong s khéi cua
cache) va mdi tap hop chi c6 mot phan tir. Con két hop hoan toan duoc xem 1 két
hop theo tap hop ¢6 n phan ti, cache duoc chia thanh mot tap hop duy nhat va tap
hop nay c6 n phan tir. Hinh 4.7 thé hién bo nhé cache c6 8 khéi duoc chia thanh tap
hop ¢6 1,2,4,8 phan tir twong &ng.

One-way set associative
(direct mapped)
Block Tag Data

0
Two-way set associative
’
o Set Tag Data Tag Data
0
3
’
4
2
5
3
6
7

Four-way set associative

Set Tag Data Tag Data Tag Data Tag Data

Eight-way set associative (fully associative)

Tag Data Tag Data Tag Data Tag Data Tag Data Tag Data Tag Data Tag Data

Hinh 4.7: Cache 8 khéi dugc chia thanh tap hop c6 1,2,4,8 phan tu.

Néu ting sé phan tu trong tap hop thi ¢d thé giam sb lan that bai cache nhung s&
lam tang thoi gian thanh cong cache. Bé minh hoa diéu nay ta xét ba bo nh¢ cache c6
bdn khdi (mbi khdi mot tir). Cache thir nhat theo kiéu két hop day du, cache tha hai
theo kiéu két hop theo tap hop (mdi tap hop cd hai phan tir) va cache thir ba theo kiéu
anh xa truc tiép. Hay xét sb 1an thanh cong va that bai cache twong tng véi ba md
hinh néu lan luot truy cap cac dia chi 0,8,0,6,8.

—  Trudng hop anh xa truc tiép: can xac dinh vi tri khéi duoc dit trong cache
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Pia chi Khéi cache
0 (0O modulo 4) =0
6 (6 modulo 4) =2
8 (8 modulo 4) =0

Nhu vay khi 1an luot truy cap cac dia chi trén thi noi dung cua cac khdi trong

cache sé la:

Pia chi bo nhe | Thanh cong Noi dung cua khéi cache sau khi tham khao
cta khéi truy cap | / Thét bai 0 1 5 3
0 Thitbai | Memory[0]
8 Thatbai | Memory[8]
0 Thatbai | Memory[0]
6 Thatbai | Memory[0] Memory[6]
8 Thatbai | Memory[8] Memory[6]

Do d6 néu cache dugc td chirc theo mé hinh anh xa truc tiép thi s& c6 5 thit bai
cache va khéng c6 moét truy cap nao la thanh coéng cache.

—  Trudng hop cache duoc t6 chic theo kiéu két hop theo tap hop: chia thanh
hai tap hop (mdi tap hop c6 hai phan tar), cAn xac dinh chi s tap hop khi mot dia chi
duoc truy cap:

bia chi Tap hop cache
0 (0 modulo 2) =0
6 (6 modulo 2) =0
8 (8 modulo 2) =0

Khi mot dia chi khéi dugc anh xa vao maot chi sé tap hop xéac dinh thi ta c6 mot
trong hai lya chon dé thay thé khbi (mét trong hai vi tri phan tir trong mot tap hop).
Thong thudng & md hinh nay thi chon chién lugc thay thé khéi it sir dung gan day

nhat. Dung chién lugc nay thi noi dung cua cache s& nhu sau:

biachibd nhé | Thanh cong Noi dung cua khdi cache sau khi tham khao
cua khéi truy cap | / Thét bai Taphop0 | TaphopO | Taphop1 | Tap hop 1
0 Thatbai | Memory[0]
8 Thatbai | Memory[0] | Memory[8]
0 Thanh cdng | Memory[0] | Memory|[8]
6 Thatbai | Memory[0] | Memory[6]
8 Thatbai | Memory[8] | Memory[6]
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Trong trudng hop nay ta co bon that bai cache va mot thanh cong cache, giam mot
that bai cache so v&i md hinh anh xa truc tiép.

—  Trudng hop cache duoc t6 chirc theo md hinh két hop day du: mot tap hop
don ¢6 bén phan tir (khdi), do d6 co thé dit vao bat ctr vi tri nay trong bon vi tri khi
nay. Trong trudng hop nay cache s& co hiéu suat tot nhat véi chi c6 ba that bai cache
va hai thanh cdng cache.

Piachi bo nhé | Thanh cong Noi dung cua khdi cache sau khi tham khao
cuakhoitruyedp | /Thatbal | o | kpsin | Kndiz | Knéi3
0 Thatbai | Memory[0]
8 Thatbai | Memory[0] | Memory[8]
0 Thanh cong | Memory[0] | Memory[8]
6 That bai Memory[0] | Memory[8] | Memory[6]
8 Thanh céng | Memory[0] | Memory[8] | Memory[6]

4.3.2 Xac dinh khdi trong cache

Dé xac dinh khdi trong cache, ta dua vao mé hinh thyc hién trong bo nhé cache:

— Két hop theo tap hop: mdi khdi trong cache theo md hinh nay s& bao gém ba
thanh phan: thé (tag), chi sb (index) va do doi khdi (block offset). Chi s6 duoc dung
dé lya chon tap hop xac dinh, thé duoc so sanh vai cac khéi trong tap hop da duoc
x4c dinh. Do doi khéi 1a dia chi cua dit liéu can truy cap trong khéi. Khi CPU dua ra
dia chi khdi can truy cap thi dia chi ndy s& duoc phan tich thanh ba thanh phan nhu
trén, dya vao chi sé dé xac dinh duoc tap hop xac dinh c6 chira khdi can truy cap.
Sau d6 thé cua cac khéi trong tap hop s& dugc so sanh dé xac dinh khéi can truy cap.
Sy so sanh nay duoc thyc hién song song dé dam bao tdc do.

Thé Chi s P doi khoi

— Anh xa tryc tiép: ciing gidng nhu kiéu két hop theo tap hop, mdi khéi trong
bo nhd cache ciing bao gdm ba phan: the, chi s6 va do doi khéi. Khi CPU dua ra dia
chi khéi d@é truy cap thi dua vao chi s6 dé xac dinh duoc tap hop, nhung tap hop nay
chi c6 mot phan tir. Do d6 chi c6 mot su so sanh don thé dugc thuc hién.

Thé Chi s P doi khoi

— Két hop day du: trong trudng hop nay do chi c6 mot tap hop duy nhat s&
khong cd phan chi s6. Do d6 mdi khdi trong cache chi ¢6 hai thanh phan: thé va do
doi khéi. Khi CPU dua ra dia chi khdi dé truy cap thi tat ca cac thé caa cac khdi phai
dugc so sanh song song dé xac dinh khéi can truy cap c6 trong cache hay khéng.

Thé Do doi khoi
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Dé hiéu rd hon cach xac dinh khéi trong bo nhad cache, ching ta xét vi du bo nho
cache theo md hinh két hop theo tap hop, mdi tap hop ¢ bén phan tir nhu hinh 4.8.
Tap hop duogc xac dinh dya vao chi sb. Sau d6 s& ¢ bon su so sanh thé duoc thuc
hién song song két hop véi bo diéu hop 4 ra 1 (4-to-1 multiplexor) dé chon mét trong
bén khéi cua tap hop xéac dinh.

Address
3130-- 12111098.- 3210

| 1]

422 48
Tag
Index

Index V Tag Data V Tag Data V Tag Data V Tag Data

0

1

2

p p p L ]

253

254

255
422 32

Hit Data

Hinh 4.8: M hinh két hop theo tap hop véi tap hop c6 bdn phan tir
4.3.3 Thay thé khoi

Khi that bai cache xay ra thi phai tim khdi trong bo nhé chinh va sau dé thuc hién
thay thé khdi nay vao bd nhé cache. DSi vai md hinh anh xa truc tiép thi chi ¢ mot
lya chon duy nhat tng véi khéi c6 chi s6 xac dinh dugc thay thé. Trong mé hinh két
hop day du thi c6 thé lya chon mot trong tat ca céc khdi dé thay thé. Con trong mo
hinh két hop theo tap hop thi c6 thé lra chon mot trong cac khéi trong tap hop tuong
ng voi chi s6 dé thay thé. Chién thuat thay thé thuong sir dung la thay thé khéi it
dugc st dung gan day nhét (least recently used — LRU). Theo LRU thi khéi duoc
thay thé 1a khéi khong duoc sir dung trong thoi gian dai nhat. Chién thuat LRU duoc
cai dat bang cach theo ddi mdi lan tham khao dén mot phan tir trong tap hop. Nhu
Véi tap hop c6 hai phan ti thi ¢d thé ding mot bit dé theo ddi su tham khao dén phan
tir trong tap hop. Bit nay duoc thiét lap dé xac dinh c6 mot tham khao dén phan tu.
Khi s6 phan tir trong tap hop tang 1én thi cai dat LRU s& phuc tap hon.
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Xét mot vi du nhu sau: gia st bo nhé cache gdm c6 4K khéi, mdi khéi 4 tir va dia
chi ¢o kich thuéc 32 bit. Hay tim téng sé tap hop va tong sé bit cua thé (tags) trong
bo nhé cache nay véi cac mo hinh anh xa truc tiép, két hop theo tap hop c6 2 va cé 4
phan tir va két hop day du.

Do mdi khéi c6 4 tir nén mdi khdi cé 16 (=2*) byte, dia chi offet s& c6 4 bit. Con
lai 32 — 4 = 28 bit dung cho thé (tag) va chi sé (index). Bo nhé cache theo md hinh
anh xa truc tiép s& c6 sb tap hop bang sé khdi nén truong chi s6 s& dung 12 bit
(log2(4K) = 12). Tong sb bit caa thé s& bang (28 — 12) x 4K = 16 x 4K = 64Kbit.

Khi ting s6 phan tir cua tap hop 1én gap doi thi truong chi s6 s& giam 1 bit dong
thoi tang truong thé 1én 1 bit. Do d6, néu két hop theo tap hop c6 2 phan tir thi s& c6
2K tap hop va tong sb bit cua thé 1a (28 — 11) x 2 x 2K = 34 x 2K = 68Kbit. Néu két
hop theo tap hop cd 4 phan tir thi s& c6 1K tap hop va tong sé bit cua the 1a (28 — 10)
x 4 x 1K = 72 x 1K = 72Kbit. i véi mo hinh két hop day du thi chi c6 1 tap hop
duy nhét véi 4K khéi, truong thé s& 1a 28 bit va tong s bit cua thé s& bang 28 x 4K x
1 = 112Kbit. Nhu vay khi ting sb phan ti caa tap hop thi s& lam ting s6 luong phép
toan so sanh va tang dung luong dé luu trit cua the.

4.3.4 Cache nhiéu mirc (Multilevel Caches)

Pé giam trirng phat that bai thi mot khuynh hudng dugc sir dung d6 1a dung nhiéu
muc cache. Hau hét cac bo xu Iy hién nay déu bé sung thém mot cache mirc 2 (con
goi la cache thir cap — secondary cache). Cache mic 2 ciing nam trén bo xir Iy va
duoc truy cap bat ca khi ndo mot that bai xay ra & cache marc 1 (con goi la cache so
cap - primary cache). Néu cache mac 2 c6 chaa khéi dit liéu can truy cap nay thi
tring phat that bai cua cache mac 1 s& bang thoi gian truy cap ¢ cache muc 2. Thoi
gian nay s& nho hon thoi gian truy cap vao bd nhé chinh. Néu ca hai cache mic 1 va
cache mirc 2 déu khong chira khéi dit liéu can truy cap trirng phat that bai sé& 1a thoi
gian truy cap vao bo nhg chinh. Tring phat that bai trong trudng hop nay s& 16n hon
S0 Vai tring phat that bai & hai muc cache.

Pé hiéu rd hon hiéu qua cta viéc sir dung thém mot cache muc 2, ching ta hay
Xét vi du nhu sau: Gia stir chung ta c6 bo xur ly vai CPI co so (base CPI) 12 1.0, gia su
tat ca truy cap thanh cong trong cache so cap va co ty 18 xung nhip (clock rate) la
4GHz. Gia st thoi gian truy cap bd nhd chinh 1a 100 ns, bao gom tat ca xu ly that
bai. Gia st ty 18 that bai trén Iénh & cache so cip 12 2%. Hoi bo xir Iy s& nhanh hon
bao nhiéu lan néu ching ta bo sung thém cache muc 2 ¢6 thoi gian truy cap 1a 5 ns
cho ca truong hop thanh cong ciing nhu thét bai va cache nay du 16n dé co thé giam
ty I¢ that bai ciia bo nhé chinh 12 0.5%?

Ta c0 trirng phat that bai d4i v&i bo nhé chinh 1a:

100 ns

ns
025 ——7——
” clock cycle

Tong CPI (total CPI) trong truong hop c6 mot muc cache 1a:
Tong CPI = CPI co s6 + sb chu ky tri hodn bo nhé mai 1énh

=400 clock cycles
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hay:
Téng CP1=1.0 + 2% x 400 = 9
Trong trudng hop ¢6 hai mic cache, mét that bai trong cache mirc 1(cache so cap)
thi c6 thé tim khéi nay trong cache muc 2 (cache tht cip) hoic trong bd nhé chinh.
Tring phat that bai déi véi mot truy cap caa cache muc 2 s 1a:
5ns

ns
025 —————
7 Clock cycle

Néu mét thit bai duoc tim thdy trong cache mirc 2 thi khi d6 tong trirng phat that
bai s& la trirng phat that bai & cache mirc 2. Néu that bai phai cAn tim dén bo nhé thi
téng trirng phat that bai s& bang tong thoi gian truy cap ¢ cache mic 2 va thoi gian
truy cap ¢ bo nhé.

Do d6, ddi véi trudng hop ¢ hai mac cache thi tong CPI s& bang tong s6 chu ky
tri hodn (stall cycles) cua ca hai mac cache va CPI co so:

Tong CPI =1 + s6 chu ky tri hodn so cap + s6 chu Ky tri hodn thi cap

=1+2%x20+05%x400=1+04+20=34

Vi thé, CPU véi cache thir cap s& nhanh hon:

= 20 clock cycles

90 _
3.4

Nhu vay véi cau tric to chire cache hai muc thi cache muc so cip ¢6 tac dung lam
t6i thiéu hoa thoi gian truy cap thanh cdng trong khi cache thir cap sé tap trung dén ty
& that bai dé giam tring phat thoi gian truy cap bo nhé lau.

2.6

4.4 TOM TAT

Chuong nay gidi thiéu nguyén tic thoi gian va nguyén tac khdng gian trong truy
cap bo nha. Trinh bay ddc diém trong cip bac bo nhé. Sau d6 gidi thiéu tong quan vé
bo nhé cache, truy cap di liéu trong bo nhé cache, cac trudng hop dé xir ly that bai
cache. Thao tac ghi dir liéu vao bo nhé cache: ghi ddng thoi, ghi dém, ghi lai. Thiét
ké bo nhé dé van hanh cache tét hon. Gigi thiéu ba mé hinh dé thay thé khéi: anh xa
truc tiép, két hop hoan toan va két hop theo tap hop. Cach dé xac dinh khéi trong bo
nhé cache dua vao timg mé hinh duoc thyc hién trong cache. Cubi cung trinh bay
cache nhiéu mirc: cache mirc 1 (cache so cdp) va cache muc 2 (cache thir cap) dé
dam bao hiéu suat van hanh cache tét hon.
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CAU HOI VA BAI TAP CHUONG 4

Nguyén tic thoi gian 1a gi? Nguyén tic khdng gian 1a gi?

Cac cap bo nhé duoc hiéu nhu thé nao?

M6 hinh anh xa truc tiép 1a gi?

M® hinh két hop theo tap hop la gi?

Céch xac dinh khdi trong bo nhé Cache?

Chién thuat LRU la gi?

Cho bo nhg cache c6 4 khéi (mdi khéi mot tir) theo kiéu &nh xa tryc tiép. Hay
cho biét noi dung cia bo nhé cache va sé 1an thanh cong hoic that bai néu lan
luot truy céap cac dia chi 0, 15, 6, 0, 6, 20 vai gia sir bd nhd cache dugc khai tao
ban dau rong (khéng chira bat ky noi dung nao).

Cho bd nhd cache ¢ 8 khdi (mdi khéi mot tir) theo kiéu két hop theo tap hop
(mdi tap hop cd hai phan tir) véi chién lugc thay thé khéi it duoc sir dung gan
day nhat (least recently used — LRU). Hay cho biét noi dung ciia bo nhd cache va
s6 lan thanh cong hozc that bai néu lan luot truy cap cac dia chi 2, 5, 12, 2, 8, 5
Véi gia sir bo nhé cache duoc khéi tao ban dau rong (khdng chira bat ky noi dung
nao).

Cho b nhé cache ¢6 4 khéi (mdi khdi maot tir) theo két hop day du. Hay cho biét
noi dung cta bd nhé cache va sé 1an thanh cong hoic that bai néu lan luot truy
cap cac diachi 0, 5, 8, 5, 6, 8 vai gia sir b nhd cache dugc khai tao ban dau rong
(khdng chira bat ky noi dung nao).

Xét mot vi du nhu sau: gia st bd nhé cache gom c6 512 khéi, mdi khoi 2 tir va
dia chi co kich thudc 32 bit. Hay tim tong s tap hop va tong s bit cua thé (tags)
trong bo nhé cache nay vai mé hinh anh xa truc tiép.

Xét mot vi du nhu sau: gia st bd nhé cache gom cé 2K khéi, mdi khdi 4 tir va dia
chi c6 kich thudc 32 bit. Hay tim tong sé tap hop va téng sé bit cua thé (tags)
trong bo nhé cache nay véi md hinh két hop theo tap hop c6 2 phan tu.

Xét mot vi du nhu sau: gia str bo nhé cache gom cd 4K khéi, mdi khéi 8 tir va dia
chi c6 kich thudc 32 bit. Hay tim tong sé tap hop va téng sé bit cua thé (tags)
trong bo nh¢ cache nay véi md hinh két hop day du.



CHUONG 5
HE THONG LUU TRU VA NHAP — XUAT

Muc dich: Giéi thiéu tong quan vé hé théng luu trit va nhap — xuat trong may
tinh. CAu tao va nguyén ly hoat dong cua dia tir va bo nho flash. Cach két néi gitta bo
xt 1y, bo nhé va thiét bi nhap — xuat. Giao tiép thiét bi nhap — xuat véi bo xi ly, bo
nhé va hé diéu hanh.

5.1 GIOI THIEU

Mot hé théng nhap xuét dién hinh duogc thé hién nhu hinh 5.1. Duong két néi gia
thiét bi nhap/xuat (1/0), bd xir Iy va bo nhd thi dugc goi 1a bus. Két néi giira thiét bi
nhap/xuit thong qua cac duong két ndi ngét (interrupts) va cac duong két ndi bén
trong (interconnect). CAc tiéu chi vé do tin cay va kha nang mé rong thi dugc quan
tam khi thiét ké hé théng nhap/xuat.

Interrupts
Processor
Cache
Memory-1/O Interconnect
Main VO f{e] l{e]
memory controller controller controller
Y D ) —
Graphics Network
Disk Disk output
Hinh 5.1: Hé thong nhap/xuat dién hinh
52 PIATU

Dia tir bao gém nhiéu 14 dia (1 — 4) va dau doc/ghi ¢ thé di chuyén dé truy cap
dia. Mdi 1a dia c6 hai mit duoc dung dé ghi dit liéu. Téc do quay cua la dia tir 5400
dén 15000 rpm va c6 dudng kinh tir 1 inch dén 3.5 inch. Mai bé mit dia duoc chia
thanh cac hinh tron dong tam, duoc goi la ranh (track). Cé khoang 10000 dén 50000
ranh trén mot bé mat. Mdi rénh dugc chia thanh cac cung (sector) duoc dung dé luu
dir liéu. Mdi ranh chira tir 100 dén 500 cung. Théng thuong cung cé kich thuéc 512
byte. Tap hgp cac rénh c6 cung kich thudc thi dugc goi la cylinder.
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Dé truy cap dir liéu, dau tién phai di chuyén dau doc/ghi dén ranh c6 chira cung
mong mudn. Thao tac nay duoc goi 1a mot tim kiém (seek), thoi gian dé dau doc/ghi
di chuyén dén ranh doc goi la thoi gian tim kiém (seek time). Thong thuong thoi gian
nay 1a khoang tir 3ms dén 13ms. Sau khi di chuyén dén ranh thich hop, dau doc/ghi
phai doi 14 dia quay dén cung chtra dit liéu can truy suat. Thoi gian nay duoc goi la
do tré quay (rotational delay hay rotational latency). Gié tri nay trung binh bang nua
vong quay cua dia. Tac 12 néu toc do quay cua dia tir 5400 rpm dén 15000 rpm thi:

Average rotational latency = OSZJ{?E?EE? = 0-5 rc:tation 5
5400 RPM/| 60 Eﬁﬁt; J
=0.0056 seconds = 5.6 ms
and
0.5 rotation _ 0.5 rotation

Average rotational latency = — =
/15,000 RPM ' |
15,000 RPM/| 60 2200 |

minute |

=0.0020 seconds = 2.0 ms

Thoi gian tiép theo dé truy cap dia, d6 1a thoi gian truyén (transfer time). Pay la
thoi gian dugc dung dé truyén dir liéu. Thoi gian nay phu thudc vao kich thudc cung,
tbc do quay va mat do ghi dix liéu cua ranh. Téc do truyén khoang tir 70 dén 125
MB/s. Ngay nay, trinh diéu khién dia co xay dyng san bo nhd dém (cache) dé luu
tam thoi cac cung. Do d6 tde do truyén tir bo nhd dém cé thé ting 1én dén 375 MBY/s.

Ngoai ra, trinh diéu khién dia (disk controller) s& xu Iy cac diéu khién chi tiét cua
dia va truyén dir liéu giira dia va bo nhé. Thoi gian nay duoc goi 1 thoi gian diéu
khién (controller time). Pay 1a thanh phan cudi cing trong thoi gian truy cap dia.
Nhu vay, thoi gian truy cap dia s& bao gom thoi gian tim kiém, do tré quay, thoi gian
truyén va thoi gian diéu khién.

Vi du: tinh thoi gian truy cap dia dé doc hoac ghi mét cung (512 byte) ciia mot dia
c6 téc do quay 15000 rpm. Cho biét thoi gian tim kiém 1a 4 ms, téc do truyén 100
MB/s va thoi gian diéu khién 14 0.2 ms.

Ta c6: thoi gian truy cap = thoi gian tim kiém + do tré quay + thoi gian truyén +
thoi gian diéu khién. Nhu vay, gia tri nay bang:

40ms+2orotation | O5KB s 0 401 2040.005+0.2=62ms

15,000 RPM ' 100 MB/sec
5.3 BQ NHO FLASH

Bo nhd flash 1a mot loai bo nhd ban dan gidng nhu dia tir nhung c6 do tré
(latency) nhanh hon 100 dén 1000 lan so véi dia. Pay 1a bo nhé nhé gon, tiéu thy it
nang luong va c6 sic chdng va cham cao. B nhé nay duoc str dung phd bién trong
dién thoai, thiét bi sd, may quay phim,...Vé gia thanh ddi voi mdi gigabyte thi cao
hon tir 2 dén 40 lan so véi dia cing va thap hon 5 dén 10 lan so voi DRAM.
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B6 nha flash c6 nguyén ly hoat dong dua trén EEPROM va duoc phan thanh hai
loai: NOR flash ¢ 6 nhd ding cong NOR va tuong tu 13 NAND flash. NOR flash
dung dé chira cac chuong trinh khoi dong cua thiét bi trong khi NAND flash duoc
duing trong thé nhé usb va c6 gia thanh ré hon NOR flash. Véi sy phét trién nhanh vé
dung luong ciing nhu gia thanh ngay cang thap 1am cho b nh¢ flash ngay cang duoc
sir dung rong réi trong nhiéu loai thiét bi ngay nay.

5.4 KET NOI GIUA BQ XU LY, BO NHO VA THIET BI NHAP/XUAT

Trong mét hé théng may tinh, cac thiét bi nhu bo xir Iy va bd nhd can duoc két
ndi véi nhau ciing nhu giita bo xtr 1y va thiét bi nhap/xuat. B6 phan dam nhan vai tro
nay chinh 1a bus. Bus bao gdm tap hop cac soi day dé két ndi cac hé thdng con bén
trong. C6 hai thuan loi ciia bus dé 1a tinh linh hoat va c6 chi phi thap. V&i mét duong
két ndi don cac thiét bi mai c6 thé duoc gan thém vao. Cac thiét bi ngoai vi c6 thé dé
dang gan vao mot may tinh nay hay may tinh khéac c6 cung loai bus. Biém bt lgi
chinh cuaa bus chinh 12 tao ra hién twong that ¢ chai (bottleneck). Van dé nay lam
han ché luu lwong nhap/xuat. Khi luu lugng nhap/xuat dugc truyén trén bus, bing
thong cua bus s& gidi han mirc do tbi da cua luu lwong nhap/xuat nay. Thiét ké mot
hé thong bus dap &ng nhu cau cua bd xtr Iy ciing nhu kha nang két ndi voi nhiéu loai
thiét bi nhap/xuat 1a mot vin dé kho khin d6i véi cac nha thiét ké may tinh.

Bus duoc chia thanh hai loai: loai thir nhat 1a bus hé théng dung dé két ndi giira bo
xtr Iy va bo nhé, bus nay thuong ngan va co téc do cao. Loai tht hai 1a bus
nhap/xuit, loai ndy thuong dai va cd thé két ndi véi nhiéu loai thiét bi va thdng
thuong bang thong dit liéu (data bandwidth) bang vai thiét bi dugc gén vao bus. Hon
nira, tdc d6 cta bus ngoai vi bi gisi han bai cac yéu té vat ly: chiéu dai caa bus va sd
thiét bi duoc gan vao.

Mot giao dich nhap/xuét (I/O transaction) bao gom c6 hai phan: gui dia chi va
nhan hoac gui dir liéu. Thao tac nay duoc thuc hién dya trén bo nhé, tic la mot thao
tac nhap (input) 1a nhap dit liéu tir thiét bi nhap/xuét vao bo nhé (b6 xtr Iy ¢6 thé doc
dir liéu nay). Trong khi thao tac xuat (output) 1a xuat dir liéu téi thiét bi nhap/xuat tir
bo nhé (bd xir ly ¢ thé ghi dir lidu nay). Dé thdng nhét giita nha san xuit may tinh
va nha san xuat thiét bi ngoai vi, nganh cdng nghiép may tinh dua ra cac tiéu chuan.
Mot tiéu chuan dua ra cac dic ta dé cac thiét bi ngoai vi cua cac nha san xuét khac
nhau c6 thé duoc gan vao mot may tinh theo chuan do. Mot sé tiéu chuan cua thiét bi
nhap/xuat pho bién nhu: USB, PCI Express (PCle), Serial ATA (SATA), SCSI,...

Bus cd thé 1a dong bo (synchronous) tic 1a bus gom c6 tin hiéu xung nhip (clock)
trong duong diéu khién va mot giao thic (protocol) ¢b dinh dé giao tiép duya trén tin
hiéu xung nhip d6. Vi du dé thuc hién mot thao tac doc tir bo nhé, ching ta c6 nghi
thirc dé truyén dia chi va lénh doc ¢ chu ky dau tién. Dung dudng diéu khién dé chi
dinh loai yéu cau. Sau do, bd nhé s& dap tng yéu cau mét tir (word) dir liéu & chu ky
thir 5. Loai giao thic nay cd thé duoc thyuc thi bang may trang thai hitu han (finite-
state machine) nho. Tuy nhién, bus ddng bo c6 hai bét loi chinh. Thir nhat, mdi thiét
bi trén bus phai chay ciing tan sé xung nhip (clock rate). Thi hai, van dé léch xung
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nhip, bus dong bd khdng thé dai néu bus nay cé tdc 6 nhanh. Do nhitng bat lgi trén
nén din dén hinh thanh bus khéng ddng bd (asynchronous). Loai bus nay khéng cé
tin hiéu xung nhip. Diéu nay thich hop dé két ndi véi nhiéu loai thiét bi khac nhau va
bus c6 thé dai hon ma khong lo 1ing vé van d& lénh xung nhip va dong bo. Bé thuc
hién viéc truyén dir liéu, bus khong déng bo dung giao thic bt tay (handshaking
protocol). Giao thirc nay bao gdm tap hop nhiéu budc dé bén gui va bén nhan xir ly &
budc tiép theo khi ca hai bén ddng ¥ véi nhau. Cac dudng diéu khién ciing duoc bd
sung trong giao thirc nay.

5.5 GIAO TIEP THIET BI NHAP/XUAT VOI BQ XU LY, BQO NHO VA HE
PIEU HANH

Hé diéu hanh dong vai trd quan trong trong xur 1y cac yéu cau nhap/xuat, nhu 1a
giao dién giira phan cimg va chwong trinh yéu cau nhap/xuit. Vai trd cua hé diéu
hanh lién quan dén dic diém cua hé thdng nhap/xuit:

1. Nhiéu chuong trinh ding b xir 1y dé chia sé hé thdng nhap/xuét.

2. Hé théng nhap/xuat thudng ding ngat (interrupt) dé giao tiép thong tin vé thao
tac nhap/xuat. Ngit duoc truyén ti nhan (kernel) va duogc xt Iy bai hé diéu hanh.

3. Biéu khién céap thap cuaa thiét bi nhap/xuét thi phic tap, do bai phai quan ly tap
hop cac su kién dong thoi va nhitng yéu cau can thuc hién chinh xac thuong rat chi
tiét.

Duya vao cac dic diém trén, hé diéu hanh cung cdp mét s chie niang nhu sau:

= Hé diéu hanh phai ¢dam bao chuong trinh ctia ngudi ding chi dugc phép truy
cap vao maot phan cua thiét bi nhap/xuat ma ngudi ding duoc phép. Vi du hé diéu
hanh khong cho phép chuong trinh doc hodc ghi mét tap tin trén dia néu chuong
trinh nay khong duogc phép dé truy cap tap tin do.

= Hé diéu hanh cung cap céc ham (routine) dé xu ly cac thao tac cap thap caa
thiét bi nhap/xuat.

= Hé diéu hanh phai xur ly cac ngit duoc tao ra bai thiét bi nhap/xuat, ciing nhu
Xt ly cac ngoai I¢ (exception) duoc tao ra boi chuong trinh.

= Ddi véi tai nguyén nhap/xuat duoc chia sé, hé diéu hanh can cung cap quyén
truy cap nhu nhau ciing nhu 1ap thoi biéu cac truy cap dé dam bao nang cao thdng
lugng (throughput) cua hé thong.

Pé thyc hién cac chiic nang nay, hé diéu hanh phai giao tiép véi thiét bi nhap/xuat
va ngin chuong trinh ngudoi ding giao tiép truc tiép vai thiét bi nhap/xuat. C6 ba loai
giao tiép:

1. Hé diéu hanh ra Iénh cho thiét bi ngoai vi. Nhiing Iénh nay khéng chi la thao
tac doc hodc ghi ma con 1a nhirng thao tac khac dugc thuc hién trén thiét bi nhu mot
thao tac dich chuyén dau doc/ghi dén vi tri thich hop (seek) cua dia.

2. Thiét bi nhap/xuat s& théng bao cho hé diéu hanh khi thuc hién xong mét thao
tac hoic co mot 16i xay ra.

3. Dit liéu duoc truyén giira bo nhd va thiét bi nhap/xuat.
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Trong phan tiép theo, ching ta s& tim hiéu ki hon vé giao tiép véi thiét bi
nhap/xuat.

5.5.1 Ra lénh cho thiét bi nhap xuat

Dé diéu khién thiét bi nhap/xuét, bo xir Iy phai xac dinh dia chi thiét bi va dua ra
mot hodc nhiéu tir 1énh. Hai phuong phap dugc dung dé xac dinh dija chi: thiét bi
nhap/xuit dugc anh xa vao bd nhg (memory-mapped 1/0) va tap 1énh nhap/xuét riéng
(special 1/O instructions).

> Thiét bi nhap/xuit duoc anh xa vao bd nhé: mot ving khong gian dia chi

duoc gan cho thiét bi nhap/xuit. Poc va ghi vao vang dia chi nay trong tng véi giao
tiép véi thiét bi nhap/xuat. Vi du thao tac ghi dir liéu vao thiét bi nhap/xuat, bo xr ly
s& dat dia chi va dix liéu vao bus. Hé théng bo nhé s& bo qua thao tac nay bai vi dia
chi chi dinh phan khéng gian bd nhé danh cho thiét bi nhap/xuét. trinh diéu khién
thiét bi s& thuc hién thao tac bang céach truyén dir liéu nay tai thiét bi nhap/xuat xem
nhu mot Iénh.
Poc hoic ghi dir liu cia mot chwong trinh thudng yéu ciu mot vai thao tac
nhap/xuét riéng biét. Hon nira, bo xu 1y phai tham do trang thai cua thiét bi dé xem
[énh dua ra c6 thuc hién xong hay chua. Vi du, mot may in don gian c0 hai thanh ghi
nhap/xuat: mot thanh ghi trang thai luu trang théi cua thiét bi va mot thanh ghi dix
liéu luu dir liéu sé duogc in. Thanh ghi trang thai chira mét bit da thuc hién (done bit)
duoc thiét 1ap bai may in khi thuc hién in xong mét ky tu va mét bit 15i (error bit).
Bit 15i nay xac dinh rang may in dang ket gidy hoic hét gidy. Mdi byte dir liéu can in
duoc dit vao thanh ghi dit liéu. Bo xu ly phai doi cho dén khi may in thiét lap bit da
thuc hién thi moi dua ky ty tiép theo dé in. Bo xir 1y ciing can kiém tra bit 151 d¢é xem
16i x4y ra hay khong.

> Tap lénh nhap/xuét riéng: nhirng 1énh nhap/xuat nay s& xac dinh sb thiét bi
va tir [énh. Bo xtr ly giao tiép véi thiét bi thdng qua cac soi day cua bus nhap/xuit.
Lénh duogc truyén trén cac duong dit liéu cua bus. Dién hinh cia may tinh theo kiéu
nay do la Intel x86 va IBM 370.

5.5.2 Giao tiép véi bd xir ly

Thiét bi nhap/xuét ghi thdng tin vao thanh ghi trang théi (status register). Bo xt ly
dinh ky kiém tra théng tin cua thanh ghi trang thai dé biét thiét bi c6 san sang hay
khong. Qua trinh nay duoc goi 1a tham do (polling). Qua trinh nay c6 diém bat loi la
tiéu ton nhiéu thoi gian caa bo xir Iy do phai thudng xuyén thim do trang théi cua
thiét bi. Hon nira, tc d6 cua bo xir 1y thi nhanh hon nhiéu so véi thiét bi nhap/xuat.
Do han ché cua qué trinh tham do nén nguoi ta s dung ngét (interrupt) dé thiét bi
nhap/xuat thdng bao véi bo xir ly. Mot ngat nhap/xuét (1/0 interrupt) cing giéng nhu
mot ngoai I€ (exception) vai hai khac biét quan trong:

1. Ngat nhap/xuat thi khong ddng bo véi su thuc thi lénh. Nghia 13, ngat khdng
két hop véi bat ky 1énh nao va ciing khong can tré thuc thi hoan thanh mot Iénh.
Diéu nay khéc véi mot ngoai 18 15i trang (page fault exception) hay ngoai 1é tran s6
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hoc (arithmetic overflow). Pon vi diéu khién s& kiém tra ngat nhap/xuat chua dugc
giai quyét luc bat dau mot [énh méi.

2. Khi mét ngit xay ra, ching ta thich truyén théng tin hon. Nhu 1a dinh danh
(identity) thiét bi tao ra ngit. Hon nita, ngat caa mdi thiét bi nhap/xuit c6 d6 uu tién
khac nhau. Do d6 murc 6 khan cap két hop véi méi ngat cua thiét bi s& khac nhau.

Dé giao tiép thong tin véi bo xir ly, nhu 1a dinh danh caa thiét bi, hé théng c6 thé
dung vector ngit (vectored interrupt) hoac thanh ghi nguyén nhan (Cause register).
Khi bo xtr Iy nhan mét ngat, thiét bi nhap/xuét guri dia chi vector hoidc trudng trang
thai (status field) dat vao thanh ghi nguyén nhan. Hé diéu hanh biét duoc dinh danh
cua thiét bi gay ra ngat thi s& xem xét tic thi dén thiét bi d6. Mé hinh ngat s& loai bo
yBu cau cua bo xir Iy dé tham do thiét bi va thay vao dé bo xu |y s& tap trung hon dé
thuc thi chuong trinh.

5.5.3 Po wu tién ngat

Dé giai quyét v6i d6 uu tién khac nhau cua thiét bj nhap/xuat, mé hinh ngét dua ra
nhiéu murc uu tién. Thi dy, hé didu hanh UNIX ding tir 4 ¢én 6 mirc vu tién ngit. Bo
xtr ly s& xir ly ngit dya theo thir ty cua do vu tién cua mdi ngat. Cac ngoai 1é duoc
tao ra bén trong va cac ngat nhap/xuit déu cé do uu tién. Cac ngoai 1é c6 d6 uu tién
cao hon cic ngit nhap/xuat bén ngoai. Bi véi d6 wu tién ctia ngat nhap/xuit ciing co
nhiéu d6 wu tién, thiét bi c6 toc d6 cao thudng dugc két hop voi do vu tién cao hon.

Thanh ghi trang thai xac dinh tac nhan gay ra ngat ddi véi may tinh (hinh 5.2).
Néu bit ngit duoc gan gia tri 0 thi ngit khdng cho phép. Mai bit caa mit na ngat
(interrupt mask) twong ung véi mdi bit cua cua trudng ngat cho xu ly (pending
interrupt) caia thanh ghi nguyén nhan. Dé thiét 1ap ngat, phai gin gia tri 1 tai vi tri bit
tuong (g cua mat na ngat. Hé diéu hanh doc trudng ma ngoai 1 (exception code)
cua thanh ghi trang thai: 0 twong @ng voi ngit di xay ra, vai gia tri khac cho truong
hop ngoai I€.

Céc budc dé xu ly mot ngit:

1. Thyc hién phép toan AND giita mat na ngat va trudng ngit cho xu 1y dé xac
dinh tac nhan gay ra ngit.

2. Lua chon cac ngat co6 do wu tién cao hon. Theo quy wdc thi bén trai nhat co do
wu tién cao nhat.

3. Luu mit na ngat cua thanh ghi trang thai.

4. Thay ddi mat na ngat dé vo hiéu hoa tat ca cac ngat c6 do uu tién bang hoic
nho hon.

5. Luu lai trang thai bo xur ly can thiét dé xur ly ngat.

6. Bé cho phép cac ngit c6 do wu tién cao hon, thiét lap bit ngat cua thanh ghi
nguyén nhan la 1.

7. Goi ham xu ly ngat twong Gng.

8. Truéc khi khoi phyc lai trang théi, thiét 1ap bit ngit cua thanh ghi nguyén nhan
13 0. Biéu nay cho phép ching ta khdi phuc lai mat na ngat.
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Hinh 5.2: Thanh ghi trang thai va thanh ghi nguyén nhéan
5.5.4 Truyén dir liéu giira thiét bj va by nhé

Chuing ta c¢6 hai phuong phap khac nhau dé thiét bi nhap/xuat giao tiép véi bo xu
1y. P6 1a phuong phap tham do va ngat nhap/xuat. Ca hai phuong phap nay thich hop
véi thiét bi nhap/xuat co bang thong thap. Cac thiét bi nay thuong c6 gia ré véi trinh
diéu khién thiét bi va giao tiép don gian hon so v&i cac thiét bi nhap/xuit co bing
thong cao. Trong ca hai phuong phap, bo xur Iy ¢6 vai trd quan trong dé quan ly viéc
truyén dir liéu.

Co ché luan phién duoc str dung trong phuong phap dung ngat nhap/xuat. Trong
truong hop nay hé diéu hanh truyén di liéu nho (sé byte it) tir thiét bi hodc dén thiét
bi. Do thao tac nhap/xuét sir dung ngat nén hé diéu hanh cé thé thyuc hién cac céng
viéc khéc trong khi dir liéu dugc doc tir thiét bi hoac ghi vao thiét bi. Khi hé diéu
hanh nhan mot ngat tir thiét bi, hé diéu hanh doc trang thai dé kiém tra 15i. Néu
khong c6 18i hé diéu hanh tiép tuc truyén dir liéu tiép theo. Khi byte cudi clng cua
yéu cau nhap/xuét duoc truyén va thao tac nhap xuat hoan thanh, hé diéu hanh théng
bao chuong trinh. Bo xtr Iy va hé diéu hanh 1am tat ca cong viéc trong qua trinh nay:
truy cap bo nhé va thiét b khi dit liéu duoc truyén.

Ngét nhap/xuat lam giam thoi gian bo xir Iy cho doi mdi sy kién nhap/xuat, mac
du chung ta dung phuong phap nay dé truyén dit lidu véi dia ciing thi dau doc dia
ctiing khong thé chap nhan bai vi sé dung phan 16n thoi gian b xur 1y khi dia dang
dugc truyén. B4i véi céc thiét bi bang thong 16n nhu dia cing, qué trinh truyén s&
bao gom mot khoi dix liéu 16n (hang tram dén hang ngan byte). Vi vay, cac nha thiét
ké may tinh phat trién mot mo hinh dé giam tai cho bo xtr Iy va dung trinh diéu khién
thiét bi dé truyén dix liéu truc tiép véi bo nhé ma khong c6 su tham gia caa bo xt Iy.
Mo hinh nay duoc goi la truy cap bo nhé truc tiép (DMA - direct memory access).
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M6 hinh ngat van dugc st dung dé thiét bi giao tiép vaoi bo xir Iy nhung chi khi qua
trinh truyén nhap/xuét hoan thanh hozc khi c6 16i xay ra.

DMA dugc thuc hién bai trinh diéu khién dic biét dé truyén dix liéu giira thiét bi
nhap/xuit va bo nhé ma khdng can dén bo xa 1y. Trinh diéu khién DMA tro thanh
chu nhan bus (master — don vi chiém gii bus dé thuc hién thao tac truyén dir liéu) dé
diéu khién thao tac doc hodc ghi gitra thiét bi va bo nhé. Mot qué trinh truyén dit liu
v6i DMA bao gom ba budc:

1. Bo xt ly thiét 1ap DMA bang céch cung cip dinh danh (identity) cua thiét bi,
thao tac duoc thuc hién voi thiét bi, dia chi bo nhd dé truyén dir liéu va sé byte dir
liéu can duoc truyén.

2. DMA bit dau thuc hién thao tac trén thiét bi va diéu khién hé thong bus. Khi di
liéu sin sang (tir thiét bi hodc bd nhé), thao tac truyén dir liéu dugc thuc hién. DMA
cung cap dia chi bo nhé dé doc hoic ghi dir liéu. Néu yéu cau nhiéu qua trinh truyén
dir liéu, DMA s& cung cap dia chi bo nhé tiép theo va khoi tao qué trinh truyén tiép
theo. Nhu vay, theo md hinh ndy DMA s& thuc hién toan bo qué trinh truyén di liéu
(dung luong c6 thé hang ngan byte) ma khdng c6 su tham gia cua bo xur ly.

3. Khi qua trinh truyén dit liéu DMA hoan thanh, trinh diéu khién DMA s& guri tin
hiéu ngat téi bo xir 1y. Sau d6, bo xir ly s& kiém tra trinh diéu khién DMA va bo nhé
dé xem toan bo thao tac co thuc hién thanh cong hay khong.

Mot hé thng c6 thé cé nhiéu thiét bi DMA. Xem maot hé théng c6 mét bus bo nha
- bo xtr Iy va nhiéu bus nhap/xuat. Mai trinh diéu khién bus nhap/xuat thuong bao
gom mat vi xir Iy DMA dé diéu khién qua trinh truyén dix liéu giita bo nhé va thiét bi
trén bus nhap/xuat nay.

Khéng gidng nhu phuong phap tham do hay phuong phap ngat nhap/xuat, DMA
giao tiép voi bo nhé ma khong ding thoi gian caa bo xir Iy khi thuc hién thao tac
truyén dir liéu trén bus nhap/xuat. Bo xir Iy s& duoc tri hodn khi mudn truy cap bo
nhd trong khi b nhé dang thuc hién thao tac DMA. Do bo xir ly sir dung bo nho
cache nén it truy cap vao bo nhé chinh. Vi vay, bang thong bd nhd chinh dugc giai
phong dé thuc hién thao tac truyén di liéu véi thiét bi nhap/xuat.

5.5.5 Truy cap b nhé truc tiép DMA va hé théng b nhé

Khi DMA duoc két hop vao hé thong nhap/xuat, méi quan hé gitra hé thdng bo
nhé va bo xir Iy da thay d6i. Khi khéng c6 DMA, tat ca cac truy cap vao bo nhé déu
dén tir bo xtr 1y va duoc xir 1y thong qua co ché dich dia chi va truy cap bo nho
cache. Khi c6 DMA, truy cap vao bo nhé nhung khong thong qua co ché dich dia chi
hodc cp bac bo nhg cache. Diéu nay gay kho khin cho ca hé thong bd nhé ao va hé
théng bo nhd voi cache. Van dé nay duoc giai quyét bang su két hop cua ki thuat
phan cang va hd trg phan mém.

K§ thuat DMA gdy kho khin cho hé théng bo nhé ao bai vi trang c6 dia chi vat ly
va dia chi 40. Ky thuat nay ciing tao ra khé khin cho hé théng vai b nhé cache bai
Vi ¢6 hai ban sao cua mot thanh phan dit liéu: mot ¢ trong cache va mot & trong bo
nhé. Boi vi, DMA yéu cau truy cap truc tiép bo nhé ma khdng thong qua bo nhé
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cache caa bo xtu Iy nén noi dung bd nhé duoc thiy bai DMA va b xtr Iy ¢6 thé khéc
nhau. Xem mot thao tac doc dia ma DMA luu truc tiép vao b nhé. Néu mot sé vi tri
boé nhd DMA ghi vao ma cac vi tri nay ¢ trong cache, khi d6 b6 xur ly sé nhan gia tri
cii khi thuc hién thao tic doc. Twong tu, ddi véi thao tac ghi lai cia bo nhd cache thi
DMA c6 thé doc gid tri cii truc tiép tir bo nhd trong khi gia tri méi trong cache chua
duoc ghi lai.

56 TOM TAT

Trong chuwong nay gidi thiéu tong quan vé hé théng luu trir va nhap/xuit trong
may tinh. Cau tao cua dia tir bao gom nhiéu 14 dia, cac dai luong dic trung cua dia tir
nhu téc d6 quay, thoi gian truy cap. Bo nhg flash c6 nguyén Iy hoat dong dua trén
EEPROM. Uu diém cua bd nay 1a nhé gon, tiéu thy it dién nang. .. nén duoc sir dung
ngay cang phé bién. Hé thdng bus dung dé két ndi cac thanh phan bén trong may
tinh. C6 hai loai bus: bus hé thong va bus nhap/xuat. Hé diéu hanh dong vai trd quan
trong trong viéc xir Iy y8u cau nhap/xuat nhu: ra 1énh cho thiét bj nhap/xuat, giao tiép
Vv6i bo xir 1y, d6 wu tién ngat caa thiét bi nhap/xuat va diéu khién truyén dit liéu giira
thiét bi nhap/xuét va bo nhé bang ky thuat DMA.
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CAU HOI ON TAP CHUONG 5

Cau tao va nguyén ly hoat dong dia tir?

CAu tao va nguyén ly hoat dong bo nh¢ flash?

Bus duoc chia thanh may loai?

Dic diém caa bus dong bo?

Dic diém cua bus khong dong bo?

M® hinh thiét bi nhap/xuit duoc &nh xa vao bo nhé 1a gi?
M® hinh dung tap Iénh nhap/xuat riéng 1a gi?

Ky thuat tham do hoat dong nhur thé nao?

. Cac budc dé xur ly ngat?

10. Ky thuat DMA hoat dong nhu thé nao?
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