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T‘ William Stallings
— Registers
LS ALU
AN
~ — Internal bus
.’ Muc tiéu: hiéu dwoc cau tao va hoat ddng cia CPU

Z/ « Patterson & Hennessy
— Datapath
/7 — Control

Muc tiéu: thiét ké CPU
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l Feeemsr  Cac budce thiét ke mot CPU

U

f’L Phan tich klen truc bo Iénh (ISA)
, cac yéu cau vé datapath

| . _— Trinh bay tuing lénh dwdi dang register transfers language
(RTL) dé thay rd y nghia cac cac lénh

|| /= datapath phai c6 thanh phan Iwu trir (bd nhé chinh / cache)
' cho cac thanh ghi trong kién triic bd 1&nh

— datapath phai hé tro thuc thi tat ca cac 1énh

| 2. Lwa chon cac khdi mach can thiét dé xay dwng

/ datapath
— Khoi mach t6 hop
— Khoéi mach tuan tw

3. Lap rap cac khdi mach dap &ng yéu cau bé Iénh

4. Phan tich moi Iénh dé xac dinh cac tin hiéu diéu khién
can thiét

5. Thiét ké mach cho céc tin hiéu diéu khién
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- sieeenosw  \/3n dé thiét ké datapath

Van dé: xay dwng mét khoi datapath phac tap dé
- X ly mét 1énh (nap |énh & thwc thi lénh & ...)

sé kh6 khan va khéng hiéu qua

Giai phap: chia nho qua trinh x& ly mét 1énh
thanh cac cong doan nho (stages), xay dwng
khoi xr Iy cho ttrng cong doan rdi lap rap thanh
datapath

— Cé&c cong doan nho dé thiét ké

— D& thay ddi, toi wu mét cong doan ma it dnh hwéng
t&1 cac cong doan khac
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geseroen  Thiét ké bd xtr ly MIPS thu gon
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"
7 B xt Iy MIPS thu gon gdm 9 1énh
Zr/ _add  $1, $2, $3
Zsub 31, $2, $3
ﬁ — and $1, $2, $3
—or %1, $2, $3
)U “lw  $1, 0($2)
Z/ — SwW $1, 0(%$2)
—beq $1, $2, NHAN
/7 _slt $1, $2, $3
- i NHAN
/’1 e Taisao la9lénh nay ?
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o Tat ca cac lénh MIPS déu dai 32 bit. C6 3 cau tric

[
£
T
N
|I II
[
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/s Céc tredng

— R-type

— I-type

— J-type

Nhac lai: CAc cau trdc Iénh cua MIPS

31 26 21 16 11 6 0
op rs rt rd shamt funct
6 bits 5 bits 5 bits 5 bits 5 bits 6 bits
31 26 21 16 0
op rs rt addressimmediate
6 bits 5 bits 5 bits 16 bits
31 26 0
op
6 bits 26 bits

— op (“opcode”): ma thao tac cua lénh, xac dinh I1énh lam gi
— funct; két hop véi op (néu can) dé xac dinh 1&nh 1am gi
—' rs, rt, rd: dia chi cac thanh ghi nguén va dich

— shamt: sb bit dich
— address / immediate: dia chi hodc hang sé tinh toan

- dia chi can nhay toi
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@ CONGNGHE THONG TN Cau truc cac lenh trong CPU
m_ BH Khoa hoo Tuw nhign TPHCM MIPS thu gon

e ~add, sub, and, or, slt
' — add rd, rs,rt
—sub rd, rs,rt 31 26 21 16 11 6

|u|\

' <.and rd,rs, rt op rs rt rd shamt funct

“or rd.rs. rt 6 bits 5 bits 5 bits 5 bits 5 bits 6 bits

—slt rd, rs,rt a1 26 o1 16

,' |W, SW, beq op rs rt immediate

— |lwrt ’ | m’n]_6( r S) 6 bits 5 bits 5 bits 16 bits

— swrt,imil6(rs)
— beq rs,rt, i mml6

| » ] 31 26

— | addr 26 op target address

6 bits 26 bits
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Saeeroen  C4c cong doan Iénh (1/3)
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T Cong doan 1: Nap lénh (

— Nap |énh 32 bit tir b6 nhé tai dia chi trong thanh ghi PC
vao thanh ghi 1&énh. Cong doan nay nhw nhau cho tat ca
cac [énh

— Sau do6, tang PC dé chuan bj nap I&nh ké tiép sau khi

Xt ly xong lénh nay (PC = PC + 4)

)ﬁ e COng doan 2: Giai ma lénh (

Z( — Phan tich cac trwdng trong l1&énh

; « X&c dinh opcode dé biét loai 1énh va vi tri cia cac trwdng khac

/7  Sau do, doc cac thanh ghi nguén dé chuan bj thwc hién cong

= -‘_‘__‘—‘—-—-‘_‘_‘_'_:ﬁﬂ'l__:‘—\‘_—-_._

—

i doan tiép theo

-' Vi duy

“ — Lénh add, doc 2 thanh ghi nguén
— Lénh | w, doc 1 thanh ghi nguén
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7 Cong doan 3: Tinh toan (

["Unit)

— Cong viéc chinh cta hau hét cac Iénh thyc hién tai
cong doan nay: tinh toan s6 hoc (+, -), luan ly (&, |), so
sanh (beq, sl t)

& - Lénh beq tinh vi tri can nhay toi

)[ — Con lénh | wva swlam gi trong cong doan nay ?

Z/ e lw $t0, 40($t1)

. « Pia chi cta viing nh& can truy xuat = gié tri cia $t 1 CONG 40
/? e Do do, thwc hién phep cdng trong cong doan nay

/'k
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cocieenioens — Cac cong doan [énh (3/3)
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7 Cong doan 4: Truy xuat bd nhé (

/l — Thwe sw chicé I1énh | wva swthwc hién cong doan
lénh nay

— Do cong viéc truy xuat bd nhé mat thoi gian twong doi
nhiéu nén can moét cong doan riéng

};- Cong doan 5: Ghi két qua vao thanh ghi (
|

=" "———q__________ﬁ]lL_h

| — HAu hét cac lénh d&u ghi két qua tinh toan vao mat

/7 thanh ghi nhw tinh toan so hoc, luan ly, | w, sl t
— Con cac lénh sw, |énh nhay ?
« Khong ghi két qua gi vao thanh ghi
f[ « Do d0, cac lénh nay khong lam gi tai cong doan Iénh nay
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oewsenoens Tgj sao lal 5 cong doan ?
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 Chi co l1énh | wthwce hién ca 5 cong doan. Vay
Jx}/ tai sao MIPS lai chia lam 5 cong doan ?

— D6 1a sw td hop day da cho tat ca cac thao tac can
thiét cua tat ca cac Iénh

— Thei gian thwe hién moéi cong doan khong qué chénh
|éch nhau

!} » C6 thé cd nhiéu cong doan 1énh hon khang ?

— C0, cac kién tric khac nhw x86



|| Sbwenon Ky thuat thiét ké CPU 1 chu ky

« Thiét ké CPU 1 chu ky: Tat ca cac cong doan

| cuallénh dwoc xw ly trong 1 chu ky dong ho

' — Chuky déng ho phai dd lau dé c6 thé hoan thanh xc
ly moi Iénh

*

f'l. 1. Instruction ] é. Decode/
L Fetch Register
| Read

"y [y L‘
L 4 v v »

3. Execute 4. Memory > \Ijverﬂe
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- T, Buwdc 1: Biéu dién cac lénh duwdi dang

BH Khoa hoc Tuw nhién TPHCM RT L

Lénh Register Transfers

Nap {op,rs,rt,rd, shamt, funct} - MEM][ PC]

lénh {op,rs,rt, Imml6} - MEM[ PC]

add R[rd] = R[rs] + R[rt]; PC- PC+4

sub R[rd] = R[rs] — R[rt]; PC- PC+4
| and R[rd] = R[rs] & R[rt]; PC- PC+4
| or R[rd] = R[rg] | R[r]; PC- PC+4
lw R[rtf] = MEM[ R[rg] + sign_ext(imm16)]; PC- PC+4
W MEM[ R[rg] + sign_ext(imm16) ] - R[rt]: PC- PC+4

beq If (R[rs] ==R][rt] ) then PC - PC + 4 + (sign_ext(imml6) << 2)

elsePC- PC+4
dt If (R[rs] <R[rt] )thenR[rd] = 1; PC- PC+4

J PC = { PC[31:28],Addr26 << 2}
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CONG NGHE THONG TN Buwdc 1: Cac khdi mach can thiét

% DH Khoa hoc Tue nhien TPHCM

|"|\

« B6 nhé (MEM)
||''— Leénh + D@ liéu
» Thanh ghi (32 x 32)
i\ Poc RS

— Doc RT

— GhiRT/RD

-'e Thanh ghi PC (Program Counter)

|« Sign Extender

4 e Pon vi thwe hién cac phép tinh add/ sub/ and/ or trén
cac thanh ghi hodc hang so

e DPon vithwc hién (PC + 4)

» So sanh thanh ghi ? (Iénh beq, sl t)
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~ weisenoe Buge 2: CAc thanh phan cla datapath

*

*

' Cac khoi mach to hop
cac khoi lwu triy

~ N
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CONG NGHE THONG TIN cac khf)l mach t6 hO’p

BH Khoa hoo T nhign TPHCHK

§ Adder ‘Carryln
SN

/g —— Sum Shift left 2
@

B 37— > CarryOut Shift
left 2
::: A :
‘e MUX AN N
[ C feep
x| 32
B—3—_ Extender
OP m
| P
| A . I Imm16 —— § 7
3 N 16 8 32
- 3 Result
e ALU B
3
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BH Khoa hoo T nhign TPHCHK

=

< -
- DA z Write Enable |Address
T/ BO nho | | ‘
b — Mot dwong dir ligu vao Datan DataOyt__
| e Data In 37 32’
/ — MOt dwong dir lieu ra
! « Data Out
', — Puwdng dia chi (address) dé xac dinh tir nhé nao
| dwoc truy xuat
/ — Tinh hiéu Write Enable = 1: xac dinh di¥ liéu co dwoc

/7 ghi vao bé nh¢ qua dwong vao dir lieu hay khdong

|
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doserosy  Khi lwu trik: Thanh ghi

BH Khoa hoo T nhign TPHCHK

« Xay dwng dwa trén cac mach lat (nhw mach lat D)

Loex s Write Enable
|| = N bit dau vao (Data In)

[/ © “= N bit d4u ra (Data Out)

A
[ * = Tin hiéu Write Enable Dataln | | DataOut
-'ll.ll « Gia trj 0: di¥ liéu trong thanh ghi khdng thay doi N N

o Giatri 1. cho phép ghi di¥ liéu tir Data In vao thanh ghi
'+ Tap thanh ghi gdm 32 thanh ghi SWRA RB

—

— 2 dwong truyén dir liéu ra 32 bit Write Enable 5J( 5J( 5J(
busA va busB busA

7 — M6t dwérng truyén div liéu vao buswW  busw | 3232-bit 32

| '« Thanh ghi duoc Iwa chon nhu sau % Registers | buss, |
| 32

— RA Iya chon thanh ghi dé dwa di liéu ra busA

— RB Iya chon thanh ghi dé dwa di liéu ra busB RB

— RW Iwa chon thanh ghi dé ghi di liéu ttr busW vao khi Write
Enable =1




....... Budc 3 : Lap rap cac khdi mach

' CUHG HGHETHC}NGTIH

B - thanh datapath

VH

. Cong doan 1: Nap lénh
. Cbng doan 2: Giai ma lénh

Cong doan 3: Thwc thi Iénh

. Cobng doan 4: Truy xuat bd nhé

. Cong doan 5: Ghi két qua vao thanh ghi

CD_ - Q ; '_‘:_O:'_____:EE_U_ _-_QJ;
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3a: Khoi nap lénh

« Tat ca cac lénh déu thwc hién nhw nhau

— Nap lénh
* IR- mem|[PC]

— Cap nhat thanh ghi PC

« PC-~ PC+4

e L&nh nhay: PC - “?77"

Address

|nstruction
M emory

277

lappe

| nstruction Word

o

4

7
32

32 32-bit
Registers
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CONG NGHE THONG TIN 3b: Kh6| g|é| ma |énh

BH Khoa hoo T nhign TPHCHK

=,
=

*

g Tat ca cac lénh déu thwe hién nhw nhau

}{ — Giai ma lénh sé xac dinh dwoc cac gia tri Ra, Rb, Rw
i (twong ng voi cac trvong Rs, Rt, Rd), va cac tin

|/ hiéu diéu khién RegWr,...

S

| Rd Rs Rt

| RegWrs, 5, 5
}:' busA /
{K Rw Ra Rb 2

f

I 32 32-bit
/7 Registers busB /
32
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|| Stwerwen  3c: Khoi thyc thi 1énh (1/2)

7

'» Cac lénh R-Format
| add, sub, and, or, beq, sl t
1 = R[rs] op R[rt]

busA 32

busB
32




desenoen — 3c: Khdi thwe thi lénh (2/2)

el

* Lénhlw, sw  Lénh beq
|- Mem[R[rs] + SignExt[imm16]] — PC + 4 + (SignExt[imm16]] << 2)
e PCSrc
o \
l :1\ PC+4 > e
o |
2 cr
|| | o -
£ o |—,
\ 4 >% 0/ Equal
| a) busa 2 N
’ > | 32
busB P~ 45 s S
32 7
—
al
Imm16 —— @ N | |
16 |2 2




~ | CONGNGHE THONG T 3d: Truy XUét bd nhd

e Lénhlw sw

[ = Mem[R[rs] + SignExt[imm16]]

I Vidu:lwrt,rs,inmml6

II' = Mem[ R[rs] + SignExt[imm16] ] = R[rt]
Vidu:swrt, rs, 1mmil6

;

| cauy ALUct
|'|"' Bt MemWr
L
busA 32 [
busB N 4
[ / 0
32 =/ | |
|" (Tl WrEn Adr
[ imml6——|@ | bL{1J Dataln
i' 5 |e[2 % ‘ Data
@ | 73o| Memory
ALUSrc




i Goecwen  3f: Ghi két qua vao thanh ghi

|

o~ Cac lénh add, sub, add, or, [ w, sl t
|~ R[rd] = R[rs] op R[rt]
— R[rt] = Mem[R][rs] + SignExt[imm16]]

RegDst Rd ALUctr MemtoReq
l—’@ MemWr
RegWr Rs Rt
_eg_l ¥ 5 5
ouswy| RwW Ra Rb busA 32 \W
- _ 7 > > 32
32 RegFile bUSB N >E » ’B\
// =0
2 1T Tl
= (32 WrEn Adr
imm16——| @ ——{1.) Datain Suta |,
ColR] T ,r M emory /
ALUSIC
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So d6 datapath tong quat

acid
4—I-
Instruction [25:21]
Read
| PC > address
Instruction [20:16]
Instruction _: T_,. a
[31:0] M
u
Instruction | | jnairyction [15:11) | x
memaory L =1
RegDst

FCSr:

Instruction [15:0]

RegWWrite
Read
" | ragister 1 Read
| Read data 1
ragister 2
: Read
Write
ragister data 2
| Write:
data  Reglslers

Instruciion [5:0]

S

AlLLISn:

AxeZ O

AL
result

- MEE ©

bem\rite

ALUCH

L J

Write . mamory

Data

data

MemitoReg

MemPead
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CONG NGHE THONG TIN

BH Khoa hoo T nhign TPHCHK

Buwdc 4+5: Thiét ké don vi diéu

."r’;_

|
Instruction [31-26] |

-

Read
address

Instructian
[31-0]

Instruction

Instruction [25-21]
L &

Contral | A'iIIDp

Y

L

\J RegDst

' Branch

i MemRead

khién

Luh-'lemtc:-F!ag

| MamWWrite

i

{ ALUSE

 RegWrite

Instruction [20-14]

11 L

mamory

Instruction [15-11]

ez

Instruction [15-0]

Read
register 1

Read

Fead
data

| register 2

“memo

Imstruction [5=0]

7S

' h

[ ALD

control

Y

Read
Address data

Data
Wirita
ey memory

=R

|_

1 i

LY
f T

27




Thiét ké don vi diéu khién chinh

-8, pese 1/2)
Instruction
[31:26]
(Op[5:00)
ALUOPp[1:0]
Instruction \
[5:0] 5 ALU eontrol
[ (Funet[5:0]) input[3:0]
Instruction | RegDst | AL USro| Vo~ Reg [Mem|Mem| o 1) o Lo Uopo)
Reg |\Wite|Read|\Wite
F-fommat 1 O 0 1 0 0 0 1 O
lw 0 1 1 1 1 0 O 0 O
SW X 1 X O O 1 0 0 O
|beq X 0 X 0 0 0 1 0 1




= Kheoa

Thiét ké don vi diéu khién chinh

- CONG NGHE THONG TIN
~ BHithoa hoc Tw nhign TPHCM ( 2 / 2)
*— —4
" input or output Signal name R-format SW beq
.'” Inputs 0
|
U

Cutputs

ReqDst

ALUSrc

MemtoReg

RegWrite

NMemRead

MemWrite

Branch

ALUOp1

ALUOpO

D=L | L]|=aal|= || | )] a3

OD|lo|lo|lO|la|lalalalola|la|lo|lo|lo|=|F

Dol lalMlalalo]las|a]=

e =R = = k= . A=A . YA = = A E=E = =

29
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~

Instruction

(1/2)

Thiét ké don vi diéu khién ALU

[31:26] ALU control input Function
(Op[5:0])
/ 0000 AND
Il 0001 OR
[ ALUOP[1:0] 0010 add
| ," Instruction . 0110 subtract
| 5-0] jj £ e 0111 set on less than
(Funet[5:0]) input[3:0]

1100 NOR
hstruction Instruction Funct Desired ALU control
opcode ALUOp | operation Field ALU action input

o LW 00 lload word HRH KX dd 0010

SW 00  |store word KKK add 0010

|1 Branch egqqual 01 |branch equal IR subtrac 0110
R-type 10 |add 100000 add 0010
Rtype 0 |subtract 100010 subtract 0110
R-type 10 JAND 100100 and 0000
R-type 0 |OR 100101 or 000
Rdype 10 |seton less than | 101010 | set on less than 0111

30



B Stsenoen Thiét ké don vi diéu khién ALU
. PHHhoa hoc Tu nhign TPHCM ( 2 / 2)

ALUOp Funct field ALU control
ALUOp1|ALUOPO F3|F2|F1 input
0010
040
0010
0110
0000
0001
Ol 11

R

ALUOpO +
Sy s ALUOp1-F3-F2+F1-F0 +
ALUOp1-F3-F2-F1-F0

|"|\

B
i %

. |

——y
= |
_1._'.._1.4_1.:;{::;

o B g g
b B4 B4 B d B bR b

bl el e B Bl B
Y el =] [=2 =00 a0
O == OO
= ||| = (O
o|-=|olo|lo|x|x|S

ALUOP[1:0]

Instruction
[5:0]
(Funct[5:0])

31



Khoa

- weeenen S @O X Iy 18nh R-Format

=‘
>A:m : a
ALL |
£ — )Add result | "
Shift | -
/_\J RegDst [\left2 7|
{ \ " Branch ‘\\_ o |
I,' | MemRead
Instruction [31—Eﬂ]l |_MemtaReg
Cuntrull ALUCP
| -
\ '. ,'_ MemWrite i
| § ALUSHE
\ ! RegWrils
e ——
-' — Instruction [25-21] Read
a8 ) - :
| PC 1 address registert  paad .
[ Instruction [20-15] Read data 1
- Za
Instruction __I L (oY |[fesister2 >.nLu "
| ok 'l:l‘ Write dﬁf'&g I.:;ﬁ = Address Hda;:: 1
! '":1':":";“;" Instruction [15-11] | x | | register ala 'lf
L 3 = x
| Write P a
| data  Registers Data
{ = Writa
N date. Memory
' Instruction [15-0] 6 [ o Y a2 ..-/ !
lgﬂ | . | ALLI II
| extend | —
b ,,n' limntrulj.
\H'“j \\"'\-.. __.-'"
Instruction [5-0] | 32




Khoa A rJ V4 ~
CONGNGHE THONG TN Sodoxwlyléenh | w
BH Khoa hoc Ty nhién TPHCKM ]
>Ar.|1:|
4 —]
T
/ J RegDst
'\ Branch
f 1 MemRead
Instruction [31-2&3| Cnnirull MamtoReag
'| [ ALUDp
| & MemWrite
' ,-' ALUSre
\\_ f RegWrite
| — Instruction [25-21] Read
B [ 2 -
| PC e dress reqister 1 Read
Instruction [20-18] Read data 1
Instruction __I 5 " | register 2
: [31—01: Hlf Write Faad i} Address Ff:la:'t: i
, Instruction Instruction [15-11] | x reqister Qale 2 Iz'll
M mory » = 3 -
| Write 0
data  Registers . Data
{0 w VWIE memory
i ff,__ data
; Instruction [15-0] . \",
] ALL
! | controd |
L {
Instruction [5=0]
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So do x

9

rd I 7

ylie

lénh beq

kL J

k]

>Add

i =

Instruction [31-26] |

Head
addrass

Instruction
[31—1}]

Instruction
memory

Instruction [25—21]
L

Control

Regls!
y  Branch

- w2z ©

>‘|""":r':l result

4/

| MemRead

MemtoReqg

ALLIOp

! MemWrila

| ALUSre

RegWrita

Head

Instruction [20-16]

ragister 1 Read

| Read data 1

Instruction [15-11]

R
M

=

L 3 L

Instruction [15-0]

o .
X raqister

" | ragister 2

Write Read

data 2

_o| Write
data

Registers

16

Sign 5.32

Read

Addrass Aata

Data

| extend

Instruction [5—0]

"

dala

ﬁn::""
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CONG NGHE THONG TIN 86 sung lénh J

BH Khoa hoo T nhign TPHCHK

instruction [25-0].apift. _ Jump adcess [31-0]

Y T
- o8 left 2 o8
PC + 4 [31-28] i

>Add | o

ALLI
4__/ >m

H&g Dst Shift |

S Jump left 2 f e
/ \ __Branch I\“—
| MemBead

| Instruction [:31—25]! MemtoReg
. Control ALUD

] || [T WMemwirits

\ | ALUSmr
RegWrita

Instruction [25-21] Read

Read - ;

= PG - rnss registar 1 Head .
Instruction [20-18] Read data 1 T

| Instruction I "| ragister 2 Eem’_

L ——
1-0
pE Write Haad -

ragister daa 2

Raad
data

Adrdrass

' Instruction lInstruction [15-11]
memaory » -

-EH:;D
\E
L

=g 7
]

_o| Write e

data  Registers , Data
i = Write mamory

data
' Slgn | .\ ®
@7 control [~

Instruction [5-0] 35

: (:'}H:EC_’;I
]

{'. {Instruction [15-0]
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S N T T Han ché cua kAy thuat Fhlet ké CPU
BH Khoa hoc Ty nhign TPHCKM mQt Chu ky

1

*

7' Ky thuat thiét k& CPU 1 chu ky khéng con dwoc st dung

vi khdng hiéu qua

if — Tat ca cong doan cla 1 1&énh phai x& ly trong mdt chu ky theo tin

/Z hidu ddng bd nén cac thanh phan mach cé kha nang ding
chung déu dworc tach riéng, lam cho so dé mach phirc tap hon
 Thanh phan tinh toan: ALU, Adder
 Thanh phan Iwu tri¥: Instruction memory, Data memory

. — Mot chu ky dong ho phai di lau dé xt ly dwoc 1énh phiec tap

Z/ nhat. Trong MIPS, 1énh | w x& ly phitre tap nhat (5 cong doan),

—

trong khi tat ca cac 1énh khac chi mat 3 (beq) hoac 4 (R-Format,

Instruction | Register ALU Data Reglster
I - cong doan | el el MR el el

Load word (1w) 200 ps 100 ps 200 ps 200 ps 100 ps | 800 ps
, Store word (Sw) 200 ps 100 ps 200 ps 200 ps 700 ps
| Rformat (add, sub, and, 200 ps 100 ps 200 ps 100 ps | 600 ps
, or, s1t)
/ [ Branch (beq) 200 ps 100 ps 200 ps 500 ps
— V&i chwong trinh c6 IC (instruction count) Iénh thi sé x ly trong

800xIC (ps)
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Khoa
- CONG NGHE THONG TIN

_ BH Khoa hoo T nhign TPHCHK

Ky thuat thiét k& CPU nhiéu chu ky

*
4

¢ Thiét ké CPU nhiéu chu ky: Moi cong doan Iénh thuc
hién trong 1 chu ky
J © “= M®i chu ky déong hd phai da lau dé thwe hién moi céng doan lénh

III
l
I}{? ¢ > o > ¢ > & > & >
. 1. Instruction 2. Decode/ 5. Req.
[l ) . EX 4. Memor .
i Fetch Register 3. Execute cmory Write
: Read
!
.'IIII|II i
| Load | Store | ALU |Branch| Jump
,f_i, Cycles 5 4 4 3 3
I Frequency(%) 25 10 52 11 2
J

— V&i chwong trinh c6 IC (instruction count) Iénh thi sé x ly trong

(0.25%5 + 0.1x4 + 0.52%4 + 0.11x3 + 0.02%3) x 200 x IC

= 824xIC

(ps) ™M
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CONG NGHE THONG TIN

BH Khoa hoo T nhign TPHCHK

So db khdi CPU nhiéu chu ky

- Do m6i cong doan dwoc thwe thi trong moét chu ky riéng,

nén cé thé ghép cac thanh phan mach dung chung (ALU
+ Adder, Imem + DMem) ma khéng xay ra dung do

Can thém cac thanh ghi dé lwu gitr két qua trung gian

cua cac cong doan Iénh (A, B, ALUOuL,...)

|

Address

Memory

Data

Instruction |

or data —

Instruction
register

Memory

= data
register

[ =

Data

Register #

Registers |

Register #

Register #

>ALL|

ALUOut H
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Knoa
CONG NGHE THONG TIN

BH Khoa hoo T nhign TPHCM

a

¢ Thiét ké chi tiét datapath va control ctia bd
| xw ly theo ky thuat nhiéu chu ky
a mon KTMT nang cao
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Khoa
CONG NGHE THONG TIN
BH Khoa hoo T nhign TPHCHK

Tham khao

*

§ Phan 5.5, P&H
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