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s Sau bai nay, SV co kha nang:

Z/ — Giai thich quan diém thiét ké bo Iénh MIPS
ﬁ —C0 kha nang lap trinh hop nglr MIPS
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: Khoa

- CONG NGHE THONG TIN A | A
EH Khoa hoo 1l'u* nihign TPHCH B Q I e n h

iy
ya

- Cong viéc co ban nhat ctia bd xt Iy 1a x& ly cac 1énh
may (instruction).

Tap hop cac Iénh ma mét bd x&r ly nao dé cai dat goi la
bo [Enh (Instruction Set).

Cac b6 xtr ly khac nhau cai dat cac bd 1énh khac nhau.

| — Vi du: Pentium 4 (Intel), MIPS R3000 (MIPS Technology Inc),
[f ARM2 (ARM), PowerPC 601 (IBM), SPARC V8 (Sun),...

r
J

~ e Cau hoi

— MGt chuwong trinh thwe thi (.exe) chay trén bo x&r ly Pentium 3
(Intel) c6 thé chay dwoc trén bd x&r ly Pentium 4 (Intel) khéng ?

f

I

.' — MGt chwong trinh thie thi (.exe) chay trén mét bo xi ly cua Intel
c6 thé chay dwoc trén bd xir ly cia AMD ?

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Khoa - X ’ A ~
i st noey Kién truc b 1énh

|

e Cac bd xtr ly khac nhau c6 cung kién trac bd 1&énh
(Instruction Set Architecture - ISA) co thé thwc thi cung
/| mot chwong trinh

”l Xx86 (may tinh ca nhan — PC, laptop, netbook)

I~ '— x86-32 (IA-32/i386): Intel 80386, Intel 80486, Intel Pentium,
| AMD Am386, AMD Am486, AMD K5, AMD Ke,...

l."'l- — x86-64: Intel 64 (Intel Pentium D, Intel Core 2, Intel Core 17, Intel
,‘h" Atom,...), AMD64 (AMD Athlon 64, AMD Phenom, ...)
|+ |A-64: Pentium Itanium (may cht - server)
-+ MIPS (hé thong nhiing — embedded system va siéu may
tinh — supercomputer)
_ MIPS32: R2000, R3000, R6000,...
— MIPS64: R4000, R5000, R8000,...

"« Ngoai ra, PowerPC (may cha, hé thdng nhang), SPARC
(may cha), ARM (hé& thdng nhuing), ... 4

ongThanCong.com https://fb.com/tailieudientucntt
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T Khoa A < " X X n n
| CNBNGHETHONSTN. - 4 nguyén tac thiét ké bd 1énh MIPS

BH Khoa hoo T nhign TPHCHK

<

v

*

———

- Cau tric 1énh don gidn va cé quy tac

I (Simplicity favors regularity)

# Lénh va bd |Iénh cang nhd gon cang x& ly nhanh
|| /(Smaller is faster)
‘o Tang toc dé xt Iy cho nhirng trwdrng hop
[[r thuwd'ng xuyén xay ra
,"';' (Make the common case fast)
I Thiét ké tot doi hdi sw thda hiép tot

. (Good design demands good compromises)

|

J'
J |r

e
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wiewenoen MOt sO khdo sat va nhan xét

BH Khoa hoo T nhign TPHCHK

MIPS chi can hé tro 32 thanh ghi la da, danh sb tr $0 - $31
o/ M&i thanh ghi c6 kich thwéc 32 bit (4 byte)

¢ Céc phép toan luan Iy va so hoc nhw

i a=b+c a=bé&c a=b<<3

[l gom:
| — Loai phép toan
l."ll- — 2 toan hang nguén + 1 toan hang dich
- « Dé& don gian va thao tac nhanh, cac toan hang la dia chi thanh ghi (khéng 1a

| dia chi b6 nh¢)
[ « Trong phép dich, toan hang th 2 1a hang sb

MIPS hé tro nhiéu loai 1énh khac nhau: Iénh tinh toan sbé hoc, luan
| ly, 1énh thao tac bd nhé, 1&nh ré nhanh,...

Pé don gian va dé dang trong viéc truy xuat b nhé, tat ca cac 1énh
déu c6 chiéu dai 32 bit

| — Trong MIPS, nhém 32 bit dwoc goi la mot tw (word)

e Tw do, MIPS dwa ra cau trdc lénh nhu slide sau

https://fb.com/tailieudientucntt
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R

 deenoe - C3u trac 1énh R-Format (1/2)
<

E\_E BH Khoa hoe T nhién TRHCH
*
6 5 5 5 5 6
| opcode| rs rt rd |shant | funct |
I
= 7
" — opcode: ma thao tac, cho biét loai lIénh gi

— f unct : ding két hop v&i opcode dé xac dinh 1énh
lam gi (trwdng hop cac [énh cd cung ma thao tac

opcode)

— Tai sao 2 trwrong opcode va f unct khéng nam lién nhau ?
— shant : trwdng nay chiva so bit can dich trong céac

lénh dich.

— Trwong nay c6 kich thuwéc 5 bit, ngha la biéu dién dwoc cac
so tr 0-31 (du dé dich cac bit trong 1 thanh ghi 32 bit).
— Néu khdng phai I&nh dich thi trwéng nay co gia tri O.

— Taisao khéng dung rt 1am sé bit dich ?
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s

deeroen  CAu tric R-Format (2/2)

J

*

" —r s (Source Register): chtra dia chi thanh ghi

| ngudn the 1

—rt (Target Register): chira dia chi thanh ghi
ngudn the 2 (sai tén ?)

}’ —r d (Destination Register): chtra dia chi thanh

= ::::ﬁ“:::—_——-_.__ﬂ

ghi dich

Z/ + M3i trudng c6 kich thuoc 5 bit, nghta 12 biéu dién
.' dwoc cac so tlr 0-31 (du dé biéu dién 32 thanh ghi
/7 cua MIPS)

/'k
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'I"l:,l

coeieEroe™ —\/{ du cau tric lénh R-Format

|

__ Lénh may (dw¢i dang nhi phan)
opcode I's rt rd sham funct

 Gia tri thap phan twong wrng cua tirng tred'ng
[ o o [ 10] 8 ] o | 32 |

opcode =0 | Xac dinh thao tac cong (cac Iénh theo cAu trac
funct =32 R-Format co trwong ma thao tac opcode = 0)

r d = 8 (toan hang dich la thanh ghi $8)
| rs = 9 (toan hang ngudn the 1 1a thanh ghi $9)
rt =10 (toan hang nguén th 2 Ia thanh ghi $10)
shant = 0 (khdng phai l&nh dich)

$8 = $9 + $10 0
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FaE

CONG NGHE THONG TN Lénh hop ngl¥ sH hoc va luan ly

BH Khoa hoo T nhign TPHCHK

J

*

— Trong do:
opt — Tén thao tac (toan t)
opr — Thanh ghi (toan hang dich) chira két qua
oprl — Thanh ghi (toan hang nguén th 1)
opr2 — Thanh ghi hodc hang s6 (toan hang
nguon th 2)

s
] Cu phap: opt opr, oprl, opr2

—

10


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

w

—8,

Mot s6 dac diém
cua toan hang thanh ghi

Khoa
CONG NGHE THONG TIN

BH Khoa hoo T nhign TPHCHK

- Poéng vai tro giong nhw bién trong cac NNLT cap cao (C,

| Java). Tuy nhién, khac v&i bién chi co thé gilr gia tri theo

kiéu di¥ liéu dwoc khai bao trwdc khi str dung, thanh ghi
khong co kiéu, thao tac trén thanh ghi sé xac dinh di
liéu trong thanh ghi s& dwoc doi xt&¢ nhw thé nao.
Uu diém: bd x& Iy truy xuat thanh ghi nhanh nhat (hon 1
ti 1an trong 1 giay) vi thanh ghi la mét thanh phan phan
cirng thwérng nam chung mach véi bd xr ly.
Khuyét diém: do thanh ghi |1 mét thanh phan phan cing
nén so lwong co dinh va han ché. Do do, st dung phai
khéo leo.
8 thanh ghi thworng dwoc st dung dé Iwu cac bién la
$16 - $23, dwoc dat tén goi nhé nhw sau

$16 - $23 ~ $s0 - $s7 (saved register)

11
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= 4

|
il

L

dooeen  CON, trlv SO nguyén (1/4)

J

e

'l.

Lénh cONng:
add  $s0, $s1, $s2 (cdHng c6 dau trong MIPS)

addu $s0, $s1, $s2 (cdng khéng dau trong MIPS)

twong 'ng voi. a=Db + c (trong C)

trong do cac thanh ghi $s0, $s1, $s2 (trong MIPS)
twong wng v&i cac bién a, b, c (trong C)

Lénh tru:
sub  $s3, $s4, $s5 (trir c6 dau trong MIPS)
subu $s3, $s4, $s5 (trr khéng dau trong MIPS)

twong wng voi: d=e - f (trong C)

trong do cac thanh ghi $s3, $s4, $s5 (trong MIPS)
twong wng v&i cac bién d, e, f (trong C)

12
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e CONQ, trr sG nguyén (2/4)

el

¢ Lwuy: toan hang trong cac lénh trén phai la
| thanh ghi
» Trong MIPS, lénh thao tac v&i s6 khong dau c6
| ky tw cudi la “u” — unsigned. Céac thao tac khac
|a thao tac véi sd cé dau. SO nguyén cé dau
dwoc biéu dién dwdi dang bu 2.
|« Lam sao biét dwoc mot phép toan (vi du a = b+c
| trong C) la thao tac trén s6 c6 dau hay khéng
dau dé bién dich thanh I1&nh may twong &ng
(add hay addu) ?

13
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LN

deweroen  CONg, trir sé nguyén (3/4)

« Lam thé nao dé thic hién cau Iénh C sau day bang lénh
| may MIPS?
I a=b+c+d-e

-
/e Chia nhé thanh nhiéu 1énh may

| add $s0, $s1, $s2 # a = Db + c

N add $s0, $s0, $s3 # a =a + d

H sub $s0, $s0, $s4 # a =a - e
| '« Chay: médtlénh trong C c6 thé gdm nhiéu Iénh may.
U e Ghichu: ky tw “#” dung dé chu thich trong hop ngi cho
MIPS
e Tai sao khong xay dung céac 1énh MIPS c6 nhiéu toan
hang nguén hon ?

14
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Khoa

dosemen  CONg, trir SO nguyén (4/4)

¢ Lam thé nao dé thuc hién day tinh sau?

f=(g+h)-(i+])
'/- 8 thanh ghi thwong dwoc sir dung dé Iwu tam
' Kkét qua trung gian, danh s6 $8 - $15

$8 - $15 ~ $t0 - $t7 (temporary register)

F" » Nhuw vay déy tinh trén c6 thé dwoc thuc hién

| nhuw sau:
ﬁ add $t0, $s1, $s2 # tenp = g + h
| add $t1,$s3,$s4 # tenp = i + |

sub $s0, $t0, $t1 # f=(g+h)-(i+j)

15
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"I"I:,I

ooy \/f dy ma may cua lénh add

% DH Khos hoc Tw nhign TPHCH

add  $t0, $t1, $t2
Ma may (dwo’l dang nhi phan)

' Giatri thap phan twong rng cua twng tredng

0 9 10 3 0 32 |
| opcode =0 Xé&c dinh thao tac cong (cac Iénh theo cau tric

i f unct =32 R-Format co trww&dng ma thao tac opcode = 0)
rd = 8 (toan hang dich 1a $8 ~ $t 0)

| rs =9 (toan hang ngudn th¢ 1 1a $9 ~ $t 1)
rt =10 (toan hang nguén thir 2 12 $10 ~ $t 2)
4 shant = 0 (khéng phai [énh dich)

16
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(5

| cGﬁEMGHETHQNeTm Thanh gh| Zero

*

/ Lam sao dé thwc hién phép gan trong MIPS ?
n’ MIPS dinh nghla thanh ghi zero ( $0 hay $zer o)

{’ ludn mang gia tri 0 nham hé tro thwe hién phép

/7 gan va cac thao voi O.
' Vidu:
[ add $s0, $s1, $zero (trong MIPS)
{J-’ twong irng véif =g (trong C)
-f/ Trong do cac thanh ghi $s0, $s1 (trong MIPS) twong
i (’ng v&i cac bién f, g (trong C)
/7 Lénh add $zer o, $zer o, $s0 Hop 1&é 2 Y nghia ?
» Tai sao khéng c6 1énh gan truc tiép gia tri cda 1
}a"[ thanh ghi vao 1 thanh ghi ?

—

17
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Khoa

CONG NGHE THONG TIN Tinh t()é_n luan |y

BH Khoa hoo T nhign TPHCHK

—
-

=

*
4

- Cac lénh:
Z/ — and, or : toan hang nguon th 2 phai la thanh ghi
-' e and $t0, $t0, $t1
eOor $t0, $t0, $t1
— nor : toan hang nguoén th 2 phai la thanh ghi
e nor $t0, $t1, $t3# $t1 = ~($t1 | $t3)

e Anor O0=not (Aor 0)=not (A)
|.»_Tai sao khéng co Iénh not ma lai stk dung 1é€nh
ﬁ nor thay cho [énh not ?
e Tal sao khong co cac |énh tinh toan luéan ly con
lal nhw: xor , nand, ...?

18


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

|||||||

€ COicnciemonTy '
S - PHKhoahoc Tu nhign TRHCh D ! C h

- Sll $s1,$s2,2 # dich trai luan |y $s2 2 bit
| $s2 = }OOO 0000 0000 0000 0000 0000 0102 Ol‘O/ =85

$s1 = 0000 0000 0000 0000 0000 0001 0101 0100 = 340 ,
(85" 29)

srl $s1,%$s2,2 # dich phai luan |y $s2 2 bit
$s2 = Q000 0000 0000 0000 0000 0000 0101 010{‘: 85

$s1 = 0000 0000 0000 0000 0000 0000 0001 0101 = 21
(85/22)

sra $s1,$s2,2 # dich phai so6 hoc $s2 2 bit
::> $s2 = 111 1111 111111111111 1111 1111 OOC\4

$s1 = 1111 1111 1111 1111 1111 1111 1100 0000 = -4
(-16/22)

Toan hang nguon th 2 phai la hang so6

19
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'I"l:,l

BH khi

|

cocreeroen. — \/f dy m& may cua lénh sl |

sl | $t 2, $s0, 4

Ma may (dwdi dang nhi phan)

{1
.IIII" lllllll

\éoo@bo o@boo 1300050101@ 00180 oooooo\

| Giatri thap phan twong rng cua tirng treong

0 16 10 4 0o |

TN

opcode =0
funct =0
rd = 10 (toan hang dich la $10 ~ $t 2)
rs =0 (khong dung trong phép dich)

rt = 16 (toan hang nguoén la $16 ~ $s0)
shanmt =4 (so bit dich 1a 4)

Xac dinh thao tac dich trai luan ly

20
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EBHGNGHETH@NGHN Truy XUét bO Nnho’

w

. B0 nh¢ la mang 1 chiéu Dwlieu | 1 |101] 10 | 100

cac 6 nho co dia chi Piachi 0 1 2 3 o
- 5 5 5 5 6
| opcode| rs rt rd |shant | funct |

Trong cau tric R-format ho trg cac 1énh s6 hoc va luan
~ly (da tim hiéu), cac toan hangrs, rt, t d gilr dia chi cac
thanh ghi

|« Lam sao dé truy xuat dir liéu trong bd nh&?

— Can toan hang gitv dia chi 6 nh¢

[« C6 2 hwdng gidi quyét

— Chophéprt,td lwu dia chi bd nhé. Co kha thi ?
— Tao ra cau trdc lénh khac dé thao tac véi b nhé

e Hoi thém: c6 can phai lwu di liéu trong bd nhé rdi moi

nap vao thanh ghi khong’? Tai sao khong nap di liéu cua
chwong trinh truc tiép vao cac thanh ghi dé x Iy ? 21

ongThanCong.com https://fb.com/tailieudientucntt
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g}l |

d Gocowen  CAu tric 1énh truy xudt bd nhé

« Lénh thao tac v&i bd nhé can it nhat
~ 1 toan hang ngudn va 1 toan hang dich
» Cau trtic R-Format
Fopcode I's rt rd |shant | funct \

‘e Tao cau tric 1énh madi thé nao dé giam thiéu thay ddi so v&i cau trac
R-Format & Cau truc I-Format

[opcode] rs rt rd |shant | funct |
| Lopcode| rs rt i medi at e |

« Dé xéac dinh 1 viing nhé trong 1énh, can 2 yéu tob:
— M6t thanh ghi chitra dia chi 1 viing nhé& (xem nhw con tro t¢i vung nhé)
— M@t sbé nguy@n (xem nhw dé doi (tinh theo byte) tr dia chi trong thanh
ghi trén). Tai sao lai can gia tri nay ?
 Dia chi viing nh& sé dwoce xac dinh bang tong 2 gia tri nay.
e Vidu: 8( $t 0) -
— Xac dinh moét vung nh¢& c6 dia chi bang ($t 0 + 8) (byte)

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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<

Khoa

| SO THONG T Cau trac I-Format
6 5 5 16

opcode| rs rt | nmedi at e

I - - ———

4 opcode: ma thao tac, cho biét |énh lam gi (twong tw

/ opcode cua R-Format, chi khac la khéng can thém
trwong funct)

)U — Pay ciling la ly do tai sao R-format c6 2 trwdng 6-bit dé xac dinh

J

*

—t—

=

lénh lam gi thay vi mét trwdng 12-bit: dé nhat quan véi cac cau
tric 1énh khac trong khi kich thwédc méi trweong van hop ly.

| = r's: chtva dia chi thanh ghi nguén thi 1

U
/7 — rt (register target): chwra dia chi thanh ghi dich.
— i mmredi at e: 16 bit, c6 thé biéu dién sé nguyén tw -215
toi (21°-1)

“ e Pulén dé chira gia tri d doi (offset) tlr dia chi trong thanh ghi co
sO r s nham phuc vu viéc truy xuat bo nhé trong 1énh | wva sw. .
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4 CONG NGHE THONG TI Lénh thao tac v&i bd nhe

BH Khoa hoo Ty nhign TPHCK

|| }IIII

- MIPS hé trg cac 1énh di chuyén di liéu (Data transfer instructions)
dé chuyén di liéu gitra thanh ghi va ving nho:

— Vung nh¢ vao thanh ghi (nap - load)
— Thanh ghi vao vung nhé (lwu - store)

Computer

Processor Memory Devices
.‘i!  Control } Input
“brain” ) ’
| u ) Store (to)
(Datap at hSJJ:/ g [ \
7 : - Output
Registerg—Toad (from)| [~ "

* Nhuw vay, bo xwr Iy nap cac dir liéu (va Iénh) vao cac thanh ghi dé xo
ly réi lwu két qua nguoc trd lai bd nhd

24
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1€ Bscoen  Lanh di chuyén di lisu (1/2)
< -
- Cu phéap:
_. opt opr, oprl(opr2)
/[ —trong do:

opt - Tén thao tac

opr - Thanh ghi lwu tw nhé

oprl - Hang sO nguyén

opr2 - Thanh ghi chtra dia chi vung nhé

— aa t =

25
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4

v

*

| wowenoem | @nh di chuyén di liéu (2/2)

~®

f

_._\_\__:\—_-_

——
e,

=

|

e

fﬂl

Nap 1 twe dir lieu bd nh¢ (Load Word — | w) vao

thanh ghi
< Data flow

lw $t 0, 12( $s0)

Lénh nay nap t nh& cé dia chi ( $s0 + 12) vao thanh

ghi $t O

Lwu 1 tw di lieu thanh ghi (Store Word — SW)
vao b6 nho

Data flow

sw $t 0, 12( $s0

Lénh nay Iwu gia trj trong thanh ghi $t 0 vao vung
nhé co dia chi ($s0 + 12)

26
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'I"l:,l

CONG NGHE THONG TIN Vi du ma méy cua |énh | w

BH Khos hoo Twe nhign TRHCM

|

lw  $t0, 12($s0)
Ma may (dwdi dang nhi phan)

{1
llll'ﬂ lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

\100011 1@@00 @1000 ooooo 000@0 001100\
8 ‘ = ‘ 0 ‘ 8 0 ‘ 0 ‘ 0 ‘ Chex

||~ Giatri thap phan twong trng cua tirng trro'ng
[ 35 | 16 | 8 12 |
opcode =35 (Xac dinh thao tac nap tw nho)

rs =16 (toan hang dich [a $16 ~ $s0)

rt =18 (toan hang ngudn la $8 ~ $t 0)

| medi ate =12 (hang so6 la 12)

27
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|

B e noie Y nghia cua toAan h’ang truy xuat
.~ BPHKhoa hoo Tw nhign TPHCKM bo nho, ‘

UIMIIIMW

*

—$s0 dwoc goi la thanh ghi co s& (base ,

register) thwong dwoc dung dé lwu dia chi bat
dau cua mang hay cau truc

— 12 duoc gol la do doi (offset) thwong dwoc
st dung dé truy cap cac phan tr mang hay
cau truc

J*Chuy:

= =

28
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B€ sicewen Vi dy truy xuét mang
&
- Gia sw

— Ala mang cac tv nh&

— dia chi bat dau cua A: $s3
- 0:%s1

— h: $s2

)[ e Caulénh C:
/

=" ‘_‘__'_“:‘—'—-—_‘_"_ﬁ:“'l__::—_-____-:__‘___‘_'

—

g=h+A[5];
dwoc bién dich thanh Iénh MIPS nhw sau:
I lw  $t0, 20( $s3) # $t0 = A[5]
/7 add $s1,$s2,$t0  # $s1 = h+A[ 5]
e Chuy:
— A[5] la phan t& th&r 5 ctia mang A, méi phan t 1a mot tlr nhé

[{ (word). Do dd, sé twong dwong véi tir nhé bét dau tai dia chi
$s3 + 20

29
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....... Nguyén tac lwu trir va truy xuat

CUNG NGHE THC}NG TIN

| dibicenoe, di? liu trong bd nhé (1/2)

« Nguyén tac Alignment Restriction: cac doi twong lwu

| trong b nh& phai bat dau tai dia chi 1a bdi s6 cla kich
thwde doi twong

l» MIPS Iwu va cho phép truy xuat di¥ liéu trong bd nhé
theo nguyén tac Alignment Restriction, nghia 1a t nhé
phai bat dau tai dia chi la boi s6 cua 4

de Lénhlw $t0, 18(%s3) co hoplé khong ?

Ky so hex cuoi
trong dia chi:

Aligned -
Not f 1,5, 9, or Dy,
Aligned 5 E 2,6, A, 0r Epey
| : 3, 7, B, or Fye
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E rhoa
4 — CONG NGHE THONG TIN

BH Khoa hoo T nhign TPHCHK

|| }IIII

|'

nho

Pia chi

0

1
2
3

Nguyén tac lwu trir va truy xuat

di lieu trong bo nho (2/2)

« MIPS Iwu trlr d lieu trong bo nh& theo nguyen
' tac Big Endian, nghia la doi va&i gia tri co kich
thuo’c &n hon 1 byte thi byte cao sé lwu tai dia

| chi thap, (vs. Little Endian trong kién tric x86)

'« Vidy: luu trik gia tr 4 byte 12345678h trong bo

Big Endian
12
34
56
/8

Little Endian
78
56
34
12

31
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||||||N|m”m‘|“|||||||||||

EEEEMGHETHQMGHM Con tro vs. glé_ tri

=<
=

f Lwu y phan biét 2 trwdng hop sau
b giaserx: $t0,y: $t1, z: $t 2)

~Ne&u ghi add $t2,$t1,5t0
’ thi $t 0 va $t 1 lwu gia tri
)U twongdwong z=x+Yy (trong C)
Lf/ — Néu ghi | w $t 2, 0( $t 0)
/7 thi $t 0 chira mét dia chi (vai
tro nhw mét con tro)

twong dwong  z = *x (trong C)

32


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

(5

e Lénh nap, lvu 1 byte nhé

*

*

o

- Ngoal cac Iénh nap, lvu tw nho (I w, sw), MIPS
con cho phép nap, lwu tirng byte nhé nham hd
tro cac thao tac voi ky tw 1 byte (ASCII).

— load byte: I b

— store byte: sb

[g' Cu phap twong tw | w, sw
fj}' Vidu Ib $s0, 3($s1)

l — Lénh nay nap gia tri byte nhé c6 dia chi ($s1 + 3)

/7 vao byte thap cta thanh ghi $s0.

_-\_'_‘_‘——

— 24 bit con lai sé co gia tri theo bit dau cta gia tri 1
byte (sign-extended)

f . . .
I — Néu khdng muodn céc bit con lai co gia tri theo bit dau,
str dung lénh | bu (load byte unsigned) 33

ongThanCong.com
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L Wewenoen | énh nap, lwu Y2 tr nhé (2 byte)

a

l

LN

¢ MIPS con ho tre cac 1énh nap, lwu ¥4 tir

| nh¢ (2 byte) nh¢ nham hd tre cac thao tac
| voi ky tw 2 byte (Unicode).

" —load half: I h (lwu % t&r nh& (2 byte) vao 2
byte thap cla thanh ghi)

— store half: sh

||l'
|
L!

|« C phap tvong tw | w, sw

| '« Tai sao lai hé trorloai Iénh nay trong khi
van coé thé stk dung cac Iénh nap byte nho
I dé thue hién thay

34
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u

= Khoa

| CGNGHETHONSTM - To4n hang thanh ghi va vung nh¢

= _ BH Khoa hoo T nhign TPHCHK

Trong MIPS, chi c6 cac Iénh nap, lwu mdi st

dung toan hang vung nh¢

— Tai sao khong SL?’ dung toan hang vung nhé trong cac
lénh khac nhw soé hoc, luan ly,...?

MOt nhiém vu cua trinh bién dich la anh xa cac

bién dwoc str dung trong chwong trinh thanh

cac thanh ghi

— Diéu gi xdy ra néu hién st dung trong cac chuong
trinh nhiéu hon s6 lwong thanh ghi?

— Nhiém vu cua trinh bién dich: spilling

35
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VH

—9

GO K TN T Thao tac v&i hang so

- Cac hang so xuat hién trong cac 1énh dich va lénh di

chuyén dwoc goi la cac toan hang hang sO

Céc thao tac véi hang so xuat hién rat thuo’ng xuyeén, do

do, MIPS hé trg mot I&p cac I1énh thao tac voi hang so
(ten lénh két thic bang ky tw i - immediate): addi ,
andi, ori,

Céc lénh thao téc v&i hang s6 c6 cau trdc I-Format

opcode| rs rt | edi at e

Tai sao lai can céac Iénh thao tac véi hdng sé trong khi
cac Iénh nay déu cé thé duoc thuc hién bang cach két
hop cac lIénh nap, lvu vor cac thao tac trén thanh ghi ?

36
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|||||||

CONGNGHETHONG TN \ / du lénh thao tac héng S(/j

e £H Khoa hoc T nhign TPHCH

|"|\

o~ Lé&nh céng véi hang sb (twong tw nhw [énh add, chi khac & toan hang cubi
cung l1a mot hang s6 thay vi la thanh ghi):
addi $s0, $s1, 10 (cong hang sb c6 dau)
addi u $s0, $s1, 10 (cong hang s6 khong dau)
Biéu dién Iénh dwoi dang nhi phan

-

‘ 001000 10001{10000] 0000000000001010

Gia tri thap phan twong rng cua trng tredng

T 8 17 | 16 10

opcode = 8: xac dinh thao tac cdng hang sb c6 dau
rs =17 (toan hang nguon th&r 1 12 $17 ~ $s1)

[ rt =16 (toan hang dich 1a $16 ~ $s0)

i mredi at e = 10 (hing s6 1a 10)

| Mudn thwe hién phép trir mét hang sé thi sao?

f addi $s0, $s1, -10

Tai sao khéng cé 1&énh trir hang s6, chang han subi?

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Fe

. Khoa
- CONG NGHE THONG TIN

siewenoew — \/3n dé cla I-Format (1/3)
&
Van dé:

gf — C&c 1énh thao tac véi hang so (addi , | w,

7 sw, ..) cd cau trdc I-Format, nghia la trwong
ﬁ hang s6 (i mredi at e) chi co 16 bit.

ﬁ

Topcode] rs rt

[ | nmedi at e
|

// — Néu mudn thao tac v&i cac hang so 32 bit thi
l sao ?

/7 — Tang kich thwéc i mredi at e thanh 32 bit?

| & tang kich thwéc cac 1énh thao tac véi hang
“ sb ¢ cau truc I-Format

38
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d
==

wewenoew — \/3n dé cla |-Format (2/3)

BH Khoa hoo T nhign TPHCHK

*
4

~Giai phap:
— HO trg thém Iénh méi nhwng khong pha vé
cac cau truc lénh da co
LEnh MOI:
| ui regi ster, I nmed ate
— Load Upper Immediate

—Puwa hang sb 16 bit vao 2 byte cao ciia mot
thanh ghi

. — Gié tri cac bit 2 byte thap dwoc gan 0
/{ — L&nh nay c6 cau trac I-Format

° :::ﬁ]'t::?-;ﬁ--.n

— T sk =

39


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

4

J

geeewen  \/An dé cla |-Format (3/3)

"
f/' Giai phap (tt):
/. .—Lénhlui giaiquyétvan dé nhu thé nao?
ﬁ =Vi du: mudn céng gia tri 32 bit 0Ox ABABCDCD
; vao thanh ghi $t O

}, khong thé thwc hién:
| addi $t 0, $t 0, OxABABCDCD
Z/ ma thwc hién nhw sau:
ﬁ | ui $at, OxABAB
or i $at, $at, OxCDCD

add $t 0, $tO, Pat

|
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N

oo™ Tran sé trong phép tinh sO hoc

- BH Khoa hoc Tw nhién TPHCM

1

*

*

7 Nhac lai: tran s6 xay ra khi két qua phép
- tinh vuot qua d6é chinh xac gi¢i han cho
ff phep (cua may tinh).

‘s MIPS cung cap 2 loai Iénh s6 hoc:

. — Cong (add), cong_ hang soO (addi ) va triv
I (sub % phat hién tran scg

| —Cpng khdng dau (addu), cong hang so khong
f dau %addl u) va triv khong dau (subu) khdng
ﬁJ phat hién tran SO

./’l e Trinh bién dich sé lwa chon cac |énh sb

hoc twong wng

;""f — Trinh bién dich C trén kién triic MIPS st dung
addu, addi u, subu

41
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e

=4

*

o >

= CONG NGHE THONG T TréC nghlém

= )
Kiéu can dwoc xac dinh khi khai bao bién ABC

trong C va khi s& dung 1énh trong MIPS. |11 FFF

Do chi ¢6 8 thanh ghi lwu trir ($s)vag . |20 FFT

thanh ghi tam ($t ), nén khong thé chyyén |3: FTF

tr chwong trinh C ¢6 nhiéu hon 16 bién 4. FIT

thanh chwong trinh MIPS. 5. TFF

» C.  Neéu p (Iwvu trong $s0) la mot con tro tro g; L'FE
| tol mang I nt s, thi p++; sé twong wng 8 TTT

ff voiaddi $s0 $sO 1

42
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<

Khoa

- CONG NGHE THONG TIN

Trac nghiém

%E\:EE BH Khoa hoc Ty nhign TPHCK
- -
fﬁ
"Héy chuyén l1énh *x = *y (trong C) thanh 0: A
lénh twong wng trong MIPS 1. B
(cac con tro x, y dwoc lwu trong $s0 $s1) |20 C
- A add $s0, $sl1, zero 3: D
| B: add $sl1, $s0, zero 1. E®F
7 C lw $s0, O($s1 5 E® G
ﬁ D: lw $s1, O($sO 6° F®E
'E lw $t0, 0($sl 2 F®H
LT HE 8 e
| . 1w 3$s0, t ;
“ H sw $s1, 0O($tO 9: G®H

43
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Khoa

el Trac nghiem

|"|\

«~ Lénh nao sau day c6 biéu dién twong trng v&i 35,47

1.add $0, $0, $0 |opcode| rs | rt rd | shant [f unct
- 2.subu $s0, $s0, $sOlopcode | rs | rt rd | shant |f unct
| 31w $0, 0(%$0) lopcode| rs rt of f set

4. addi  $0, $0, 35 lopcode]| rs rt i medi at e
5.subu $0, $0, $0 ‘opcode| rs | rt | rd]shant |funct

6. Lénh khdng phai la day bit

S6 hiéu va tén cla cac thanh ghi:

0:$0,..8:$t0,9: $t1, .15 $t 7, 16: $s0, 17: $s1, .. 23: $s7
M4 thao tac va ma chirc nang (néu co)

add: pcode =0, funct = 32

subu: opcode =0, funct = 35

addi : opcode =8

| W, opcode = 35

44
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|||||||

CONG NGHE THONG TIN

e £H Khoa hoc T nhign TPHCH

|"|\

Pap an

o~ Lénh nao sau day co biéu dién twong tng voi 35,,?

|"1.add s0, $0, $0 [0 0_] 0 0 32
. 2.subu $s0,$s0,5s0_0__] 16 ] 16 | 16 35
3.1'w $0, 0($0) | 35 0 0 0
' 4.addi $0, $0, 35 [_8 35
|- (5_subu _$0, $0._ $0] O 0 0 0 35

6. Lénh khong phai 1a day bit

Sé hiéu va tén clia cac thanh ghi:
0:$0,..8:$t0,9: $t1, .1 :$t7,16: $s0, 17: $s1, .. 23: $s7
Ma thao tac va ma chirc nang (néu co)

add: pcode = 0, funct = 32
) subu: opcode =0, funct = 35
addi : opcode =8

| w opcode = 35

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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|||||||

CUHG NGHE THONG TIN

|u|\

B DH Khoa hoc Tue nhie

« MIPS

I liéu:
—Lén
_Lén
— Lén

n TPHCH

da ho tro cac nhom lénh xir ly div

h s6 hoc
N luan ly

N nap lwu div lieu

: e Ngoai cac lénh x& ly di¥ liéu, may tinh
(computer) con phai hé tro cac 1énh diéu

khién

qgua trinh thwc thi cac Iénh.

/s Trong NNLT C, ban da bao gio str dung
lénh got o dé nhay t&i mot nhan (labels)

chwa ~

f?

46
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Khoa ~ .
| SR Lénhi f trong C

v

*

¢ 2loailenhif trong C
| if (condition) clause
I
e Lénhif th& 2 co thé dwoc dién giai nhw
| sau:
| | f (condition) goto LI1;
clausez;
L1: clausel;
I L2:

) | f (condition) clausel el se clause2
|
|
fﬁ
U
ﬁ goto L2;
[
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%\

ya

NS

coensE TN CAu trc [énh ré nhanh cé didu kién

BH Khoa

hoc T nhign TPHCK

Lénh ré nhanh co diéu kién can

2 toan hang ngudn dé so sanh va
1 toan hang cho biét dia chi can nhay toi

',‘- Khong can tao cau tric Iénh méi & S dung
__cAu truc I-Format

;\opcode rs rt | medi at e

|
!
|

opcode ma thao tac, cho biét [énh lam gi

rsvart cha cac gia tri can so sanh

i mredi at e chira dja chi (nhdn) can nhay téi ?

i mredi at e chicé 16 bit, nghia 1a chi cé thé nhay t6i
dia chi tir 0 — 216 (65,535) ?

48
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=gy

=— [Khoa

siceenoen | dnh ré nhanh co diéu

|
il

L

Ki

én

- Cu phap
beq registerl, register2, L1
beq nghia la “Branch if (registers are) equal”
twwong wng voi lénh if trong C nhw sau:
If (registerl == register2) goto L1
bne registerl, register2, L1
| bne nghia la “Branch if (registers are) not equal”
twong wng voi [énh if trong C nhw sau:
If (registerl !=register2) goto L1

-+ Vidu:

ﬁ i f (b == 0) be $t 1, $0, hi t
| a=-a+1 addi $t0, $t0, 1
el se hit:

/! a=a+ 2 addi $t0,$t0, 1

49
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Lénh ré nhanh co diéu kién:
Pinh vi theo thanh ghi PC (1/3)

i nmmedi at e chtra khoang cach so v&i dia chi
| nam trong thanh ghi PC (Program Counter),
! thanh ghi chira dia chi Iénh dang dwoc thuwe hién
| Céch xac dinh dia chi nay goi la: PC-Relative
- Addressing (dinh vi theo thanh ghi PC)
|* Luc nay trrong I mredi at e duwgc xem nhuw 1 sO

c6 dau cong v@i dia chi trong thanh ghi PC tao
thanh dia chi can nhay téi.

7« Nhuw vay, cé thé nhay toi, lui 1 khoang 21 (byte

| ?) tr Iénh sé dwoc thie hién, du dap ng hau
hét cac yéu cau nhay 1ap cta chwong trinh
(thworng toi da 50 Iénh).

Khoa
CONG NGHE THONG TIN
BH Khoa ho =

LR

50
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N Giwemen 6N 1€ nhanh co dieu kién:
B seeeen Pinh vi theo thanh ghi PC (2/3)

¢ Chay: moi lénh c6 kich thwdc 1t nhé
| (32 bit) va MIPS truy xuat bd nhé theo
| nguyén tac nguyén tac Alignment
. Restriction, do dé don Vi cua
| medi at e, khoang cach so véi PC, |a
.t nhe
|« Nhuw vay, cac Iénh ré nhanh co thé nhay
| t&i cac dia chi c6 khoang cach + 215 tir
nhé tr PC ( 217 bytes).

51
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Fe

- —— I__énh_ ré nhanh co di_éu Kién:
moewenmem® Pinh vi theo thanh ghi PC (3/3) .

'S
Z' Cach tinh dia chi ré nhanh:

J

— Néu khong thwe hién ré nhanh:
PC = PC + 4

PC+4 = dia chi cua |énh ké tiép trong bd nhé
|~ = Neéu thyc hién ré nhanh:
PC=(PC+4)+ (1 medi ate *4)
— Tai sao cOng | nmedi at e voi (PC+4), thay vi
| veipC 2
i — Nhan xét: trwong i mmedi at e cho biét s
I lénh can nhay qua dé t&i dwoc nhan.

52
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Kho

CONG NGHE THONG TIN

BH Khoa hoo T nhign TPHCHK

hit:

addi

addi

Vi du cau tric I-Format

clia lénh ré nhanh cé diéu kién

beq $t 1, $0, hi t

$t0, $t 0, 1

$t0, $t 0, 1

Biéu dién I1&énh dwdi dang nhi phan

1.000100

01001

00000

0000000000000001

[ |
L
|

Gia tri thap phan twong trng cua tirng trwd'ng

A

9

0

1

opcode =4 (ma thao tac cua Iénh beq)

rs =9 (toan hang ngudn th 1 la $t 1 ~ $9)
rt =0 (toan hang ngudn the 1 la $0)

| medi ate =1
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CONG NGHE THONG TN Mot s6 van dé cua
dinh vi theo thanh ghi PC

¢ Gia tri cac trwong cua lénh ré nhanh co

| thay ddi khdng néu di chuyén ma nguon ?
'» Néu phai nhay ra ngoai khoang 215 1énh ttr
- 1énh r& nhanh thi sao ?
|+ Tang kich thwéc tredng | nredi at e &
[ tang kich thuwéc [énh ré nhanh ?

a
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- . Cau truc lénh ré nhanh

EH Khoa hoo Tw nhign TPHCM kh(’:‘)ng d’léu klén J_Format
o L&nh ré& nhanh khdng diéu kién can

| = 1toan hang cho biét dia chi can nhay toi

+ Cautric I1énh R-Format va I-Format

| =

fopcode 'S rt rd |[shant | funct \

_|opcode 'S rt | medi at e

e Tao cau tric [énh méi thé nao dé glam thleu thay ddi so
v&i cau tric R-Format va I-Format & Cau trac J-Format

\

J

|

ff\opcode target address

— opcode ma thao tac, cho biét 1énh lam gi
— target address chia dia chi (tir nhé) can nhay toi
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e

| diosenoem  \/3n dé cla CAu tric J-Format

v

*

¢ Nhuw vay, v&i cau trdc J-Format, cé thé
| nhay trong khoang 226 tir nh& (~228 byte)

l
ﬁo C6 nghia la khong thé nhay tdi cac tir nhe
co dia chi tr 227 to1 232 ?

|~ —Tuy nhién, nhu cau nay Ia khong can thiét vi

,’; chwong trinh thuwéng khong qua In nhw vay
I (thwédng trong gidi han 256 MB)

'/ — Néu can nhay t&i cac dia chi nay, MIPS hé tro

\ lénh | r (sé dwgc hoc sau).

fﬂl
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= 4

MIIIMM‘

(T

BH Khoa hoo T nhign TPHCHK

|
*
u

diswenoen | &nh ré nhanh khong diéu kién

- Cu phap
i ] | abel

nghia la “jump to label”
twong wng vol lénh trong C sau: goto label
C6 thé viét dwdi dang lIénh ré nhanh co diéu kién nhuw

I Sau.

beq
| » Vidu
: 1f (b == 0)
ﬁ a==~0
el se
a =1

/’f

$0, $0, | abel

be $t 1, $0, hit
addi $t 0, $0, 1

] end
hit:
add $t 0, $0, $0

end: 57
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Bién dich Iénh | f

gg CONG NGHE THONG T ) R i

= | BF Kioa hoc Tur rinien TPHCM thanh |enh may MIPS
oViduif (i ==7j) f=g+h;
| el se f=g-h;

* V& lwoc do

7 . A s .
| true (false) Anh xa bién vao thanh ghi:
(i ::)- 0 i 1= | f:$s0

g:$sl
/| f =g+h f =g- h
i J J | :$s3
Exit

e Chuyén thanh [énh may MIPS:

“ beq $s3, $s4, True # branch i =5

| sub $s0, $s1,$s2 # f=g-h(fal se)

[ ] Exi t # goto Exit

" True: add $s0, $s1,$s2  # f=g+h (true)
Exit:


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

4

4

| CONG NGHE THONGTI Lép trong MIPS (1/2)

BH Khoa hoc Ty nhién TPHCKM

*

( ]
.

—
—

_- e —

|

e

y Loop:

”

Lap trong C; Al ] 1& mét mang cac s6 nguyén i nt
do {
g =g+ Al
=0+
} while (i != h):
Co6 thé viét lai nhw sau:
Loop: g=9+ AIi];
[ =il s
, i f (1 !'=h) goto Loop;
Anh xa bién vao thanh ghi nhw sau:
g, h, l, j, base of A
$s1, $s2, $s3, $s4, $s5
Chuyén thanh Iénh MIPS nhu sau:
sl $t1, $s3, 2 # $t 1= 4%
add $t1,$t1, $s5 # $t1=addr A
lw $t1 0($t1) # St1=A[i]
add $s1, $s1,$t1 # g=g+A[I |
add $s3, $s3, $s4  # | =i +j
bne $s3, $s2, Loop # goto Loop if

11 =h
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IIIII

| Bowenoen Lap trong MIPS (2/2)

|"|\

¢ 3 kiéu lap trong C:
/. =while

| =do...while
s f or
|+ Viét lai dwéi dang goto, chuyén thanh cac

lénh MIPS st dung cac |énh ré nhanh co
diéu kién

60
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(5

So sanh khéng bang trong MIPS

- CONG NGHE THONG TIN

. PH Khoa hoo Tw nhign TPHCH ( 1 / 3)

beq va bne duwoc st dung trong trwedng hop so sanh
bang (== va != trong C). Con nhirng trwdng hop so
sanh khong bang < va > thi sao?
Huwdng tiép can
— Thém tat ca cac Iénh so sanh khdng bang: bgt, blt, ble, bge ?
! — Chican thém 1 lénh ma c6 thé thwc hién cac phép so sanh
khong bang
}.-’ e MIPS hé tro lénh:
f — “Set on Less Than” ’
I — Cuphap:slt regl, reg2, reg3 (Cau triac R-Format)

/7 — Y nghia

4
-

1 f (reg2 < reg3)
regl = 1,
. el se regl = O;
f [ “set” nghia la “set to 1”
“reset” nghia la “set to 0” o
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lw

So sanh khong bang trong MIPS

— CONG HGHETHE}NGTIN

| DR O (2/3)
« Cau lenh sau:

/1f (g < h) goto Less; #g: $s0, h: $s1
s Puoc chuyén thanh Iénh MIPS nhw sau...

| 'slt $t0,$s0,$s1 # $t0 = 1 if g<h

'~ bne $t0, $0, Less # goto Less

I # if $t0!'=0(if (g<h))
IiLess: #  Less:

|« Thanh ghi $0 luén chira gia tri 0, nén lénh bne va

*J beq thwdng dwoc dung dé so sanh sau lénh sl t .

* e Capslt abnetwongduwongif(...< .)goto...

e« Cac phép sosanhconlai>, <and = th| sao?

— CO thé thwe hién cach két hop 1énh sl t va cac lénh ré
nhanh co diéu kién beq va bne ? 62
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So sanh khéng bang trong MIPS

CONG NGHE THONG TIN

BH Khoa hoo T nhign TPHCHK

(3/3)

# a: $s0, b: $s1

slt $tO, $s0, $s1

beg $tO0, $0, skip
<stuff>

skip:

# a:$s0, b:$s1

slt $tO, $s0, $s1

bne $tO0, $0, skip
<stuff>

skip:

# a: $s0, b: $s1

slt $t0, $s1, $s0

beg $tO0, $0, skip
<stuff>

skip:

# a: $s0, b: $s1

slt $t0, $s1, $s0

bne $t 0, $0, skip
<stuff>

skip:

CuuDuongThanCong.com

T H T H T H

T H

$t0 =1 if a<b
skipif a>=n»>
do i f a<b

$t0 =1 if a<b
skip if a<b
do 1 f a>=b

$t0 =1 if a>b
skip if a<=b
do i f a>b

$t0 =1 if a>b
skip if a>b
do 1 f a<=b

https://fb.com/tailieudientucntt

63


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

cocieEToeTs  Hang sb trong so sanh khdng bang

BH Khoa hoo T nhign TPHCHK

MIPS ho trg’ Iénh sl ti  dé thyc hién so sanh khong bang véi hang so
/| (cau truc I-Format).
— Huvu ich @i vai vong lap f or

i If (g >= 1) goto Loop

[l Loop:
i

| slti $t0,$s0,1 # $t0 =1 if
ﬁ. # $s0<1 (g<1)
' beq $tO, $0, Loop # goto Loop
S # if $t0==0

| # (if (g>=1))

s Capslt vabeqgtwongngvoiif(...2 .)goto...

e Cb6thé str dung cap lénh add/ or va sl t thay cho sl ti. Tai sao phai
[l tao ra 1 lénh ma&i ?

'« Ngoai ra, con c6 cac lénh: sl tu, sl tiu

[ e Giatricoa $t 0, $t 1 v&i ($s0 = FFFF FFFA.., $s1 = 0000 FFFA..) ?
slt $t0, $s0, $si

sltu $t1, $s0, $s1 64
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Kho

oieeroem — \/f du: [énh switch trong C (1/2)

BH Khoa hoo T nhign TPHCHK

o switch (K) {
case O: f=i+|; break;  /* k=0*/
I case 1: f=g+h; break; /*k=1*/
case 2: f=g—h; break; /*k=2*/
\ case 3: f=i—j; break; /* k=3 */

|+ Viét lai dwdi dang céc lénh if nhu sau:

[ if (k==0) f=i+j;

| elseif (k==1) f=g+h;

else if (k==2) f=g-h;

AR else if (k==3) f=ij;

|« Anh xa bién vao thanh ghi:
f:$s0, g: $s1, h: $s2,

| i1 $s3, |: $s4, k: $55
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Khoa

consneE ey \/{ du: 1énh switch trong C (1/2)

BH Khoa hoo T nhign TPHCHK

=,
=

*

*

«. Chuyén thanh Iénh MIPS nhw sau:

f
M bne $s5, $0, L1 # branch k!=0
U add $s0, $s3, $s4 # k==0 so f=i +]
il j Exi t # end of case so Exit
ﬁ L1: addi $t0, $s5,-1 # $t0=k-1
% bne $t0,$0,L2 # branch k! =1
add $s0, $s1, $s2 # k==1 so f=g+h
[' ] Exi t # end of case so Exit
' L2: addi $tO,$s5,-2 # $t0=k-2
f bne $t0,$0,L3 # branch k!l =2
fK sub $s0, $s1, $s2 # k==2 so f=g-h |
I ] Exi t # end of case so Exit
. L3: addi $tO0, $s5,-3 # $t0=k-3
ﬁ bne $tO0, $0, Exit # branch k! =3
# k==3 so f=I-]

sub $s0, $s3, $s4
Exit:

66
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|||||||

cows NGHE THOUG T T I’é C Ng hiém

|"|\

Loop addi $s0, $s0,-1  #1 =1 - 1
slti $tO0, $s1, 2 # $t0 = (j < 2)
7 beq $t0,%0 ,Loop # goto Loop if $t0 ==
| slt $t0,$s1,$s0 # $t0 = (] < 1)
bne $t0,%$0 ,Loop # goto Loop if $t0 =0

o ($s0=i, $s1=)) 07 ] < 2 & ] <
[ 1: ] 2 2 && ] <
| . 2 , Y A . 2: ] < 2 &&J >
Biéu thire diéu kién (C) nao 3: ] 22 &&] 2
trong cau Iénh while (bén g ] 258 S
dwoi) twong wng voi doan 6: ] 22 ] <
énh MIPS & trén? G 1S5S
do {i--;} while(__); |91 >2 ] <

(o))
~
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y

Khoa

ctme NGHE THONG TIN

BH Khoa hoo T nhign TPHCHK

TOm tat mét sé [énh MIPS da tim hiéu

32 registers %50, $51...., 5857 Fast locations for data, In MIPS, data must be in registers to perform arithmetic, Registers $50-
$t0.5t1. ... tt7, $s57 map to 16~-23 and $10-5t7 map to 8-15. MIPS register $zero always equals Q.
$zero
2*Y memary Memeory[0], Accessed only by data transfer instructions in MIPS. MIPS uses byte addresses, so sequential
wiords Memend4], . .. . word addresses differ by 4, Memory holds data structures, amrays, and spilled registers,
Memon] 4294967 202] Hinh
Name | Format | Example Comments ik
add R 0 18 19 17 0 32 add %$s51,3s2,%s3 trang
sub R 0 18 19 17 ID 34 sub %$s51,3%s2,%s53 78
Tw | 35 15 17 100 Iw  $51,100{%s2) ’
Sw I 43 18 17 100 sw  $51,100(%s52) P&H
and R 0 18 19 17 0 36 and $sl.$s2.553
or R 0 18 19 17 0o 37 or  $s51.%s52.5s53
nor R 0 18 19 17 0 39 nor $s1.%$s2.5s53
andi 1 1z 18 17 100 andi $s51,%s52,100
ori | 13 18 17 100 ori %s51,%s52,100
511 R 4 0 18 17 10 o s11 $s51,%s2,10
srl R 0 0 18 17 10 2 srl  $51.%s52,10
beq | 4 17 13 25 beq $51,%s2.100
bne | B 17 18 25 bne $s1.%s2.100
51t R o 18 I 14 17 Q 42 s1t $sl,Fs2, %53
] J 2 2500 J 10000 {see Section 2.9)
Field size & bits 5 bits 5 bits 5 bits 5 bits & bits | All MIPS instructions 32 bits
R-format R op s rt red shamt funct | Arthmetic instruction format
I-format I op s rt address Data transfer, branch format

CuuDuongThanCong.com

https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

|"|\

|||||||

CONG NGHE THONG TIN

e BH Khoa hoo T nhign TPHCHK

mai n() {
1nt a,b,c;

i
| |

.'I II}

| I* khai bdo ham sum?*/

c = sum a, b) ;

Thu tuc trong C

fint sum(int x, int y){

return x+y;

L&i goi thu tuc va khai
bao thu tuc dwoc chuyén
thanh Iénh may nhw thé
nao ?

Poi s6 dwoc truyén vao
thu tuc nhw thé nao ?
Két qua trd vé cua tha
tuc dwoc truyén ra ngoai
nhw thé nao ?

69
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rhoa = e
CONG NGHE THONG TIN
BH Khoa hoo 1l'u* rihién TPHCH N h a n Xet

a

« Khi goi thu tuc thi I&nh tiép theo dwoc thwe hién

| 1a Iénh dau tién cta tha tuc

- & CO thé xem tén thad tuc 1& mdt nhan va I&i goi
thu tuc la mét Iénh nhay t&i nhan nay

C MIPS
sum( a, b); ] sum # nhay t o
# nhan sum

Int sum(...) sum

» Sau khi thyc hién xong thu tuc phai quay vé
thwe hién tiép 1énh ngay sau |&i goi thu tuc

return ... ] ?
70
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Khoa

CONG NGHE THONG TIN

BH Khoa hoo T nhign TPHCHK

I nt mai n()

Vidu

{

e Hoéi: Tai sao lai dung jr ? Ma

c=sum(a, b);/* a, b:$s0, $s1 */ khong don gian dung j?

}

int sum(int x, int y) {

return

}

e Traloi: thd tuc sum co thé duoc

goi & nhiéu chd khéac nhau, do
do vi tri quay vé mai lan goi

Xty khac nhau sé khac nhau.

dia chi
1000
1004
1008

1012
1016

2000
2004

add $a0, $s0, $zero # x = a

add $al, $s1,%zero # vy = b

addi $ra, $zero, 1016 # | vu dia chiz quay vé
# vao $ra=1016

] sum # nhay ts nhan sum

sum add $vO0, $a0, $al# khai bao thiu t uc sum
jr $ra # nhay td&i dia chxz

# trong $ra &

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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7a

Khoa

— CONG NGHE THONG TIN N hé n Xét

= _ BH Khoa hoo T nhign TPHCHK

*

*

-
/|

|
LI

[
[

: | °
1
Li
.'II|II

|'

==,

|| ¥

Thay vi phai dung 2 1énh dé Iwu dia chi quay vé
vao $r a va nhay tdi thu tuc:

1008 addi $ra, $zero, 1016 # $ra=1016
1012 | sum # goto sum

MIPS con hé tro 1 1énh j al (jump and link) dé
thwc hién 2 cong viéc trén:

1008 jal sum # $ra=1012, goto sum
Tal sao laithém Iénh | al ?

— khéng can phai xac dinh twdng minh dia chi quay vé
trong $r a

Ly do nao khac ?

72
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HWWWW
/ =
T

J

: Khoa

- CONG NGHE THONG TIN 1
| BH Khoa hoc 1l'u* rihién TPHCH V I d U

~int main() {
c=sum(a, b);/* a, b: $s0, $s1 */

}
int sun(int x, int y) {
return x+y;

}

dia chi

1000 add $a0, $s0, $zero # x = a

1004 add $al, $s1,%zero # vy = b

1008 jal  sum # | vu dia chi quay vé
# vao $ra=1012 va nhay
# tol sum

1012

2000 sum add $vO0, $a0, $al# khai bao thiz t uc sum

2004 jr $ra # nhay tsi dia chx

# trong $ra &

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Khoa
- CONG NGHE THONG TIN

BH Khoa hoc Tw nhign TPHCH C é-C I é n h m é, i

J

*

7' ] al (Jump and link): J-Format
/ — Cu phap: jal | abel

— 1 (link): Lwu dia chi ca Iénh ké tiép vao thanh ghi $r a
— 2 (jJump): nhay t&i nhan | abel

‘o Lénhjr (jump register): R-Format

— Cu phap: jr register

[ — Nhay t6i dia chi nam trong thanh ghi r egi st er

i e 21énh nay dwoc st dung hiéu qua trong thu tuc:

— j al Iwu dia chi quay vé vao thanh ghi $r a va nhay toi
thu tuc

-‘_‘_—-—.:',_‘____'_-‘—ﬁnl_‘__._:_‘__

—_—

[ —jr $raNhay toidia chi quay vé& da dwoc luu trong $r a
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|||||||

C{]NGHGHETHC}NGTIN cac thanh 0 hi mo

¢ MIPS hé tro thém mot s thanh ghi dé lwu tri
cac di liéu phuc vu cho thu tuc:

— Poi s6 $a0, %al, %a2, $%a3
— Két qua tra vé $v0, $vi
— Pia chi quay vé $ra

Néu thu tuc st dung nhiéu di liéu (ddi so, két
qua trd vé, bién cuc bd) hon so lwong thanh ghi
ké trén ? St dung thém nhiéu thanh ghi hon...
Bao nhiéu thanh ghi cho du ?

& S dung ngan xép (stack)

75
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:- Khoa N = "
— CONGNGHE THONG TIN
N : £H Khoa hoc 1l'u* nhign TPHCH B al ta p

7

mal n() {
aint i1,),k,m

mul t (], k);
mul t(i,i):

[* khali bao ham mul t */

lint mult (int ncand, int mier){

~int product;

| product = O;

U while (mMier > 0) {

/ product = product + ntand;
mier = mier -1; }

return product;
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(] e Thu tuc |6ng nhau

BH Khoa hoo T nhign TPHCHK

[l ||||lll||““”m

*

't sunBquare(int x, int y) {
fj return mlt(x, xX)+ y;

f' Thu tuc sunBquar e goi thu tuc mul t .

‘e Van dé
' — Pia chi quay vé cla thd tuc sunSquar e trong thanh ghi $ra sé b

ZJ ghi d& bdi dia chi tra vé cla thu tuc mul t khi thd tuc nay duwoc
M gol
I — Nhw vay can phai lwu lai dia chi quay vé cla tht tuc sunSquar e
/7 (trong thanh ghi $ra ) trwéde khi goi thd tuc mul t .
a St dung thanh ghi...Bao nhiéu cho du?

& St dung ngan xép (stack).
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2

— - BH Khoa hoo Tu nhién TRHCh

coweneEmoe™ M hinh Cép phat b6 nho cua C

- MOt chwong trinh C thwc thi sé dwoc cap phat cac ving

/| nhé sau:
Dia ghi ¥
o
| $Sp —» Stack
. Contro '
: ngan xép 1
L' Heap
Static
Il 0 Code

CuuDuongThanCong.com

Vung nhé dwoc str dung trong qua trinh
thwc thi thu tuc nhw Iwu cac bién cuc bo,
lwu dia chi tra ve, ...

Vung nhé chra cac bién cap phat dong.

Vi du: con tré C dwoc cap phat dong béi
ham malloc()

\ung nhé chira cac bién cap phat tinh clia
mOoi chwong trinh. Vi du: bién toan cuc cua C

M& ngudn chwong trinh

78
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I I-LI-{I._I

|| Bteewen Sy dung ngén xép (1/2)

|"|\

« Con trd ngan xép, thanh ghi $sp, dwoc str dung

' dé dinh vi vang ngan xep
E)e str dung ngan xép, can khai bao kich thwéc
vung ngan xép bang cach tang gia tri con tré

. hgan Xép.

‘s Lénh MIPS twong (ng Vo

int sunBquare(int x, int y) {

return milt(x, xX)+ vy;

}
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Khoa

i€ Soccwen Sy dung ngan xép (2/2)
.sunSquare: # x,y . $a0, $al
' addi $sp, $sp, -8 # khai bao kich thusc
# ngdan xép can dung
; sw $ra, 4($sp) # cat dia chi quay vé
| # cua thu tuc sunbquare
ﬁ. # vao ngan xép
“push” sw $al, O($sp) # cat y vao ngan xép
, add $al, $a0, $zero # gan x vao $al
, jal mult # gol thu tuc mult
| w $al, O($sp) # sau khi thuc thi xong
# thu tuc mult, khoi
Z/ # phuc y to ngan xép
’ add $vO0, $v0, $a1 # mult()+y
ﬁl ‘pop” |w $ra, 4($sp) # 1 ay |ai dia chi quay vé
# cua thu tuc sunBquare
f # da | vu vao ngan xép,
f # dua vao thanh ghi $ra
N addi $sp, $sp, 8 # kat thic dung ngan xép
jr $ra
N 80

mul t :

CuuDuongThanCong.com
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Khoa

CONG NGHE THONG TIN

BH Khoa hoo T nhign TPHCHK

I %

7"

Pau tha tuc
| entry_I abel :
/| addi $sp, $sp,
= sw $ra, franesize-4($sp) #
[ #
#
#

-franesi ze

. Luu tam céc thanh ghi khac néu can
I

'Than thd tuc ...

| (co thé goi cac thd tuc khéac...)

Ae
/Cudi thd tuc
Il Phuc hbi cac thanh ghi khac néu can

lw $ra, franmesize-4(%$sp) #
addi $sp, $sp, franesize
(| jr $ra

CuuDuongThanCong.com

Cau trlc co ban cla tha tuc

cat dia chz tra
vé cua thiu tuc
trong $ra vao
ngan xép

ra

v

memory

khdéi phuc $ra

81
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Khoa

cosieemoe MGt SO nguyén tac str dung thu tuc

BH Khoa hoo T nhign TPHCHK

7 Thu tuc R (caller) goi thu tuc E (callee)
l/ Trong tha tuc R

=

7 m

*
4

1. Lwu dia chitra vé (trong $r a) cla R vao ngan xép
2. Géan céac ddi s (néu cd) R truyén vao E
' 3. Goilénhj al
}l Trong thu tuc E
[ 3. Khé&itao ngan xép
Z/ Lwu vao ngan xép céac thanh ghi trong R c6 thé b
/7 thay dbi trong E.

>

Khéi phuc cac dir liéu da Iwu tam trong ngan xép
Phuc héi ngan xép
Goilénhjr $ra détrd lai thd tuc R

/‘f

82
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Khoa

RN e Trac nghiém

=,
=

*

[

$
"
I
Int fact(int n){

1f(n == 0) return 1; else return(n*fact(n-1));}

Khi chuyén sang MIPS...

A. CO THE sao lwu $a0 vao $al (va sau doé 0 é‘EE
khong Iwu lai $a0 hay $al vao ngan xép) [1: FFT
dé lwu lai n qua nhirng 1o goi dé qui. 2. FTF

2 R Y S 3. FTT

B. PHAIlwu $a0 vao ngan xép vino séthay |4. TEg

,/ doi. 5. TFT
| A . . A A 4R 6: TTF

C. PHAIIwu $r a vao ngan xép do can dé o TTT

[ biét dia chi quay vé...

83
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7

e I )

e

‘Tht tuc r can cét cac thanh ghi nao vao ngan xép trwédce khi goi “jal e”?
I =)

O ULATIAN

ja

e

e Trac nghiém

# doc ghi $s0, $v0, $t 0, $a0, $sp, $ra, nem
### cat cac t hanh ghi vao ngan Xep7
# gol thu tuc e

# doc ghi $s0, $v0, $t 0, $a0, $sp, $ra, nem

jr $ra # quay v& thu tuc goi r

# doc ghi $s0, $v0, $t0 $a0, $sp, $ra, nrem

jr $ra # quay v& thua tuc

OO 01Tk~ WNPEFEO

of
of
of
of
of
of
of

($s0, $sp, $vO0, $t 0, $a0, $ra)
($s0, $sp, $vO0, $t 0, $a0, $ra)
($s0, $sp, $vO0, $t 0, $a0, $ra)
($s0, $sp, $vO0, $t 0, $a0, $ra)
($s0, $sp, $vO0, $t 0, $a0, $ra)
($s0, $sp, $vO0, $t 0, $a0, $ra)
($s0, $sp, $vO0, $t 0, $a0, $ra)
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rhoa - e
A e Pap an

w

# doc ghi $s0, $v0, $t 0, $a0, $sp, $ra, nem
\- . ### cat cac thanh ghi vao ngan xép?
jal e # gol thu tuc e
. # doc ghi $s0, $vO0, $t 0, $a0, $sp, $ra, mem
jr $ra # quay vé thua tuc goi r

le: ... # doc ghi $s0, $v0, $t 0, $a0, $sp, $ra, mem
' jr $ra # quay vé thu tuc r

‘Tha tuc r can cat cac thanh ghi nao vao ngan xép trwdc khi goi “jal e?

— |

of ($
of (3
of (3
of (3
of ($
of ($
of ($

2R i 7 ARl
OURAWNRERO

0, $sp, By 0, $t 0, $a0, $r a)

Khong can cat  ~x .z, . .
vao ngan xép Can cat vao ngan xep
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.~ ©H Khoa hoo Ty nhign TRHCH

Khoa
CONG NGHE THONG TIN

~ The constant O
| Reserved for Assembler

Return Values
Arguments
Temporary
Saved

More Temporary
Used by Kernel
Global Pointer
Stack Pointer
Frame Pointer
Return Address

$0

$1
$2-$3
$4-$7
$8-$15
$16-$23
$24-3$25
$26-27
$28

$29

$30

$31

Vai tro 32 thanh ghi cua MIPS

$zero
$at
$v0-$vi
$a0-%a3
$tO-$t7
$s0-$s7
$t8-$t9
$kO-$k1
$gp
$sp

$fp

$ra
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d

S Nguyén tac sw dung thanh ghi
BH khoa hoo Tw nhign TPHCHK ( 1/2)

- $0: Khong thay doi. Luén bang 0.

$s0-$s7: Khoi phuc néu thay doi. Rat quan
trong. Néu thd tuc dwoc goi (callee) thay dbi cac
thanh ghi nay thi né phai phuc hoi cac thanh ghi
nay trwdc khi két thic.

$sp: Khoi phuc néu thay doi. Thanh ghi con trd
ngan xep phai cé gia tri khéng doi treéc va sau
khi goi Iénh j al , néu khéng thu tuc goi (caller)
sé khong quay vé duoc.

Dé nhé: tat ca cac thanh ghi nay déu bat dau
bang ky tw s!
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II/II

1

d

S Nguyén tac sw dung thanh ghi
BH khoa hoo Tw nhign TPHCHK (2/2)

- $r a: Co thé thay doi. L& goi l1énh j al sé lam

thay ddi gia tri thanh ghi nay. Tha tuc goi lwu lai
thanh ghi nay vao ngan xép néu can.

$v0- $v1: Co the thay doi. Cac thanh ghi nay
chira cac két qua tra vé.

$a0- $a3: Co the thay doi. Pay la cac thanh ghi

chira doi sO. Thu tuc goi can lwu lai gia tri néu
no can sau khi goi tha tuc.

$t 0- $t 9: Co the thay doi. Bay la cac thanh ghi
tam nén co thé b thay doi bat ky lc nao. Thu
tuc goi can lwu lai gia tri néu n6 can sau cac IO
goi thu tuc.
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Khoa

~ wewemoe  TOM tat cac cau trac [énh MIPS

— {

<
ame
Field size G bits 5 bits 5 bits 5 bits & bits G bits All MIPS instructions 32 bits
R-format ap rs rt rd shamt furct Arithmietic instruction format
Haormat ap rs rt address/ immediate Transfer, branch, 1 mm. format
Jformat ap target address Jump iInstruction fermat

T

{

Hinh 2.26 trang 104, P&H

89
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hoa

i s & a X A ~ N - R
CONGNGHETHNGTN. - TOM tat mOt sO 1énh MIPS da tim hiéu
Neme | Format | N

F’ add add R
| subtract sub R
Ilj add immediate addi |
'I | load word Tw I
F,J store word SW I
- load half 1h I
/ / store half sh I
; load byte 1b |
| store byte sb I
' load upper immediate Tui I
ZI ard and R
).- o o " Hinh 2.47 trang 146, P&H
I K nor nar R
f and immediate andi I
U or immediate ard I
| shift left logical sll R
! shift right logical srl R
branch on equal beqg I
branch on not equal bne I
| set less than s1t R
' set less than sitd I
/[ immediate

jump A ]

jump register 24 R 90
jump and link jal i

CuuDuongThanCong.com
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8

ye

= Khoa

CONG NGHE THONG TIN

— BH Khoa ho Tuw nhign TPHCH

Lénh gia

*

—e,

Lénh gia (Pseudo Instruction) la cac Iénh hop
ng» khong co6 cai dat IEnh may twong wng,
nham muc dich gitp cho viéc lap trinh hop ngi»
dé dang hon

Pseudo MIPS —

mowe moy e R |
multiply mult R
multiply immediate multi I
lead immediate 19 I
branch less than Bt I
branch less than or equal ble I
branch greater than gt I
branch greater than or equal nge I I

Hinh 2.47 trang 146, P&H
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|I'I|

CONG NGHE THONG TIN

CNSNGHETHNGTN. - MOt SO Syscall thwe hién nhap xuat
Service System Arguments Result
Call Code
print_int 1 $a0 = integer
print float 2 $£12 = float
print_double £ $£12 =double
print_string 4 $a0 = sfring
raad int 5 integer (in $v0)
read float 6 float (in $£0)
read double 7 double (in $£0)
read string 8 5a0 = buffer,
$al =length
sbrk g $a0 =amount |address (in $v0)
exit 10
print_character 11 $a0 = integer
read character 12 char (in $v0)

CuuDuongThanCong.com

https://fb.com/tailieudientucntt
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(5

= Khoa N - R A~
- CONG NGHE THONG TIN
_ B Fhos hoe Tur nihien TRHCH T I m h I e u th e m -

L

*

*

o,

i Qué} trinh bién dich va thwc thi chwong trinh
;‘f/ (phan 2.10, trang 106-115, P&H) + cac khai niém
7 — Symbol table
/ — Compiler, Linker, Loader
— Dynamically Linked Library (DLL)
[F = Java bytecode, Java Virtual Machine (JVM), Just In
,); Time Compiler (JIT)
|« B6 Iénh Intel IA-32 (phan 2.16, trang 134-143,
'/ P&H) + céac khai niém
4 — General Purpose Register (GPR)
fﬂ[ — Addressing Modes
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A
a

= Khoa -
& cisETOeTN Tham khao

-y

Chwong 2, trang 28, P&H

:
g,
/

|
|
/7
/'k
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=d
E ]

Khoa
CONG NGHE THONG TIN

BH Khoa hoc Tuw nhign TPHCKM

|

Bai 04: Cau tric va hoat déng cuaa
Bo xw ly

Pham Tuan Son
ptson@fit.hcmus.edu.vn
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& CONGNGHETHONG TN Cau tric may tinh

i

|

]
0

B6 xtr ly
(Central
Processing
Unit)

- | 1]

B& nhé chin

Hé thong
két noi
(Bus)

Thiét bi
nhap xuét
(Input
Output)

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Khoa

diean Thrc thi chwong trinh
'S

.

;ff 2727

| vidu.cpp T 1
/f lcnrnpiler process
; instructions

vidu.obj [[gifj]l
}b linker [stack]
x 227 |

[ vidu.exe

Disk RAM Processor
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=

CONG NGHE THONG TIN

BH Khoa hoo T nhign TPHCHK

Lwu trlr tam div
liéu dé ALU,
CU xt Iy va
diéu khién

X ly, tinh toan
trén dir liéu lwu
trong thanh ghi

Thanh ghi
(Registers)

(Arithmetic &
Logic Unit)

Internal Bus

Pon vi
diéu khién
(Control Unit)

Két nbi gitra cac
thanh phan CU,

ALU va Register
trong CPU

Di6u khién xr
ly cia ALU va
di liéu trén

4

CuuDuongThanCong.com
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re:

: Khoa

-~ CONG NGHE THONG TIN Lé N h m é~y

_ BH Khoa hoo T nhign TPHCHK

v

'ﬁ' Lénh may (machine instruction/ instruction/ machine

| code) la day bit chira yéu cau ma bo x&r ly phai thwe hién

Cau tric cia mét [énh may thwdng gom:

— Ma thao tac (opcode): cho biét 1&énh thwc hién thao tac gi (+. —,
and, or, ...)

: — Céc toan hang (operand): cho biét cac dbi twong bi tac déng bdi

[!.f thao tac trong ma thao tac (thanh ghi, viing nhé, hang so, ...)

| s M6i bo x ly chi hiéu dwgc mot sé l1énh véi mot vai cau

| trGc nhat dinh

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Thwce thi chwong trinh...

||J||||l|ﬂ|\m”m
M

EE? L‘DNGNGHETHQNGTIN N
= ‘EE 0@ hoo T nhign o Cu the hO’n )
f m— IR [000100000100000000000001
:] - e
i >
=
) RAM \w CPU &

—

000100000100000000000001 00010000 x =2 R1
000011000100001000000001 00010011 Rl+y =2 R1
000100000000000101000000 00010110 Rl =2 x

01000000

= -‘_'—-—-_'_'_.__‘::__——m::__,_:_‘_hh _
s

| v 01000010
“ = dia chi
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|"|\

CONG NGHE THONG T Hoat dﬁng cua CPU

« Xt ly lénh may qua 2 buwéc, goi la chu ky 1énh
| (instruction cycle)

7 .—Nap lénh (Fetch)

e Di chuyén Iénh ttr bd nh& vao thanh ghi

' — Thuec thi lénh

[ « Giadi ma lénh va thwc hién thao tac yéu cau

Fetch Cycle Execute Cycle

Fetch Mext
Instruction

Execule
Instruction
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B e Qua trinh nap lenh
« MAR I3 (PC) * Thanh ghi MAR (Memory Address
Register)
- MBR I3 Memory — Lwu dia chi dwoc gui ra/ nhan vao
e IR B (MBR) tw bus_dga chi.
« Thanh ghi MBR (Memory Buffer
s PCI3(PC)+1 Register)
— Lwu gia tri dwgre giri ra/ nhan vao
CPU twr bus dir liéu.
 Thanh ghi PC (Program Counter)
PC ——»MAR > N — Lwu dia chi cta Iénh sé& dwoc nap.
TE K= Memoryle  Thanh ghi IR (Instruction Register)
. S — Lwu Iénh sé duwoc xwr ly.
L(mtlml — T < R
Unit  BO xw ly di chuyén lénh tir vung
nh& cé dia chi trong thanh ghi PC
vao thanh ghi IR.
E<_ VPR . Msc dinh, gia tri thanh ghi PC
dwoc tang 1 lwong bang chiéu dai

Address Data Control clla |énh duwoc nap.
Bus  Bus Bus 8

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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<

B Ko HoNG T Qua trinh thuc thi Iénh

J

- -
T‘ BO xtr ly giai ma Iénh trong thanh ghi IR va thyc

Z(/ hién thao tac yéu cau nhuw:

7 — Thwc hién cac phép tinh s6 hoc va luan ly

ﬁ — Thwc hién di chuyén dr liéu gitra thanh ghi va bé nh&

- — Thuec hién di chuyén di liéu gitra thanh ghi va thiét bj
)[[ nhap xuat

L/ — Thuwe hién cac thao tac diéu khién nhw ré nhanh
[

|
/'k
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/

4 CONG NGHE THONG TIN

BH Khoa hoo T nhign TPHCHK

i

Vi du qua trinh x& ly 1énh cua CPU

) Nap Iénh ‘ Thwc thi Iénh
Cau truc 1énh -
[ ) Memuory CPLU Registers Memory CPU Registers
! : 0019 3 0f. [F0o0]lpc [300[1T 9 40 30 0]PC
4 bit 12 bit 0[5 0 4 1 NE TS 000 3|AC
MA thao tac Dia chi 302(2 9 41 1 0 4 OfIR | 302[2 9 4 1 1 9 4 0]IR
040 T 0 3 940[0 0 0 3
9410 00 0 2 uilforo o 2
4 . wStep | Slep 2
Céc thanh ghi: PC, IR, AC D '
' Memuory CPLU Registers Memory CPU Registers
300(1 9 40 30 0|PC |300[1 9 4 :
Ll , W[5 93 1 [000 3AC] i[5 o 3
Ma thao tac W02[T0 31| M504 1]IR | 302204
0001 = Nap dir liéu ter “dia chi” 9400 0 0 3 N O
0010 Lwu dir liéu te thanh ghi AC | Step 3 Step 4
vao bd nhé tai “dia chi” Memaory CPU Registers | Memory CPU Registers
? n | 300[1 9 4 0 30 2/PC 3001 9 40 30 2]PC
0101 cong don gia tri tai “dia chi SN 000 5| AC|30S 9 4 ] 000 5]AC
vao thanh ghi AC 302279 4 1—m29 2 1|IR|302[29 41 20 4 1|IR
ET IR [I--i] K QA0 1) 1:1-[] 3
9410 00 0 2 ull[r o o 5
Slep 5 Slep 6

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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8 Donenoen Chu ky 1énh tdng quat
* -
)r 1. Tinh dia chi
| cta lénh
2. Nap lénh
3. Giai malénh
4. Tinh dia chi
cua toan hang
5. Nap toan hang
6. Thwc thi lénh
7. Tinh dia chi cua
toan hang

Instruction complete, Return for string Ch wa ket q ua
fetch next instruction or vector data

| 8. Ghi két qua

11
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Khoa

e Ngat

% Ngat (Interrupt) la co’ ché cho phép ngat qua trinh thwc

thi tuan ty théng thwdng tirng 1€nh ctia bd xt Iy dé phuc
vu cOng viéc khac nhw nhap xuat.
M6t so loai ngat
— Ngat chwong trinh
* Debug chwong trinh
« Trwdng hop tran s, chia cho 0, ...
— Ngat dong ho
* Puoc phat sinh béi bd dinh gi& bén trong bd xtr ly
e Puwoc sir dung trong cac mdi tredng da nhiém
~ Nhap xuat
o Vidu: nhap ky tw,...
— L6&i phan cing
e Vidu: 16i truyén di liéu, ..

12
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Qua trinh phuc vu ngat

BH Khoa hoo T nhign TPHCHK

« BO& xt ly kiém tra ngat méi khi thye thi xong 1 18nh dwa vao tin hiéu ngat
{- Néu khéng cé ngat, nap |énh ké tiép c6 dia chi trong PC.
rll Néu cé ngat:
L‘I —  Tam ngirng thwc thi tiép cac I&nh cta chwong trinh dang dwoc thwe hién.
ﬁ — Lwu lai cac di¥ liéu dang thwc hién dang d& cua chwong trinh.
|
.'

Pat dia chi bat dau tha tuc x& ly ngét vao thanh ghi PC.

X0 ly ngat

Khaéi phuc cac div liéu dang thwe hién dang d& cta chwong trinh bj ngat va tiép
tuc thwe hién chwong trinh nay

Instruction Operand Operand
{ fetch fetch store
|
|,-‘".'
l Multiple Muliiple
|| operands resulis
/ |
Operand Daka Operand
It address P i address
[ calculatic pe calculati
[
No
Instruction complele, Retumn for string interrupt 13

fetcth next instruction or vector data
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d

Khoa -
oo Tham khao

J

*

f/' Chuong 12, William Stallings
/.

- -‘—_:._‘_',_‘____'_-‘—ﬁnl_‘_‘_
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