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Single-cycle Implementation: EK4R4 B, EKCC
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add $t0,5t1,5t2 beq $t0,5t1,L

Multicycle Implementation: AEKFES R, EKCC

clock
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e 44K AR: Wash (30) ,dry (40) ,fold (20)
— Sequential Laundry: 752 6 /NFf: 4x(30+40+420)=36047%®
— Pipelined Laundry: 73.5/NFf: 30+4x40+20=21047#1©
o HIEE: 1) WFEATME, 2) WML CRRELNRRE, XWEL? D), 3) VEkER
 tulr: Start work ASAP!
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o TMKEFAREE: 4.6
o RVIIALKLSZH: 4.6.1, 4.7
— VerilogfT A% X: 4.14 [HF ]
« Hazard|n|/@i: 4.6.2
— SERPREE. Me R gE
— BEiksi: 4.8
o ZMPERIR: HiAnop, TR EAE, FAASEMLY
o forwardingfiR: RAW
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RISC#: 4

MK FiAR
K4-24

Register ALU Register
fetch gr mlﬂl‘l ACCEeSS 'ItE me

Load doubleword (Id) 200 ps 100 ps 200 ps 200 ps |100 ps 800 ps
\viy j%‘ 14 b3 & EJIL Y Store doubleword (sd) 200 ps 100 ps 200 ps 200 ps 700 ps
- Y}lb7kz g’l / EX R-format (add, sub, 200 ps 100 ps | 200 ps 100 ps 600 ps
and, or)
- /l\?}zli 7}( E&ﬁﬁ ’ﬁ?'%’ E](J E]TJ‘ I‘E—[J Branch (beq) 200 ps 100 ps | 200 ps 500 ps
o —ANIERE T (HLES R )
P
_ /lei 7}( gjz /5’?% E . E&ﬁ e;‘;%[ﬁ{(‘,‘n Time 200 400 600 800 1000 1200 1400 1600 1800
order
° %T% ZHL ?A/é ZHL ? (in instructions)
P . I . . I d | ) id x1, 100(4) e Reg| AU | D% | Reg
[ J
I pe I n I n g ea IS m 1d X2, 200(x4) 800 ps Insft;LtJ;t]ion Reg ALU agge}gs Reg
JL h Instruction
— X B (laten Cy ) kd 3, 4000 800 ps truet
o PUATETEH B 7K BORE A% 800 ps
N » : Zﬁ A Sy P
j\j ﬁﬁ;:ﬁ)\ ’ llj—ﬁzb 1 © Ck/ st al 1 e):g?)[lali'(‘:n Time 200 400 600 800 1000 1200 1400
— » b /\ order T T T T T T T
- E E IEJ *qé El/(J j:El ?" (in instructions)
o H—IfIRE Id x1, 100(x4) nstucton]  |Reg| A | D2 Igeg IZEI 4-25
Instruction Data
EL /\ ‘i‘ % / %‘ 1d x2, 200(x4) 200 ps fetch Reg ALY access Reg
- EI:EI < YJIL‘ ZF /7’-:7 Id x3, 400(x4) 200 ps | "pmaction Reg| ALU coess |R
: PS | fetch g access | o0

200 ps 200ps 200ps 200ps 200 ps

John P. Shen, Mikko Lipasti. Modern Processor Design: Fundamentals of Superscalar Processors, 2013/
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FEABAYBREZERE—NER, BERE—%3#IT (WB)

— FIFRiHE ($4.6.2) , load-Rtypesz4+ (race, IR
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RISC-Vi5 4
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—Fa
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Kl4-16
Name Field Comments
(Field size) 7 bits 5 bits 5 bits 3 bits 5 bits 7 bits
R-type funct? rs2 rsi funct3 rd opcode Arithmetic instruction format
I-type immediate[11:0] rsi funct3 rd opcode Loads & immediate arithmetic
S-type immed[11:5] rs2 rsl funct3 | immed[4:0] opcode Stores
SBiype immed[12,10:5] rs2 rsi funct3 |immed[4:1,11] opcode Conditional branch format
Ultype immediate[20,10:1,11,19:12] rd opcode Unconditional jump format
U-type immediate[31:12] rd opcode Upper immediate format
1. Immediate addressing functé | immed rs1 funct3 rd opcode
S immediate | rs1 |funct3| rd | op
s BYTEK
b/\)l%‘tjs %[I] 2. Register addressi IZEIZ-17
j:El % I JL[‘*I% : 6 | egisler aadressing '
funct?| rs2 | rs1 |funct3| rd | op ‘ Registers
TN > .
RegflImmAz & & 2 | Register |
=} N > I > . i
j?E[ /v\giéﬂ_j:é 5 %ﬁg}l& % 3. Base addressing
. R immediate | rs1 [funct3| rd | op Memory
FhErE: 3R |
Register [Byte'] Halfword Word Doubleword
* Imm, Reg, Base [ ‘i
° Ioad/StO re ;Jlg 1;@ 4. PC-relative addressing
imm | rs2 | rs1 |funct3|{imm| op | Memory
l [
PC |®— Word
+
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Instruction number 1 2 3 4
\ ‘ Instruction i IF ID EX MEM WB
‘ ? Instruction i+ 1 IF ID EX MEM WB
Instruction i+2 IF ID EX MEM
" o -
Instruction i+3 IF D EX
Instruction i+4 W ID
—| Data
Instruction
—>| Register # PC Address register Data
PC Address Instruction = Reqgisters AL Address A
Instruction =] Register # Instruction Register # .
memory Data - Memory ©F data Registers - ALUQut
—{ Register # memory Register # —
Memory _{ B
Data "‘ Data data  ~9e= Register # “
register
Data
i ||':I,| ——
. Regqister &
Instruction
Address Instruction == . = — Registers >,q| L ALUOut Address
register o] Redister
Instruction egister = Memory
MmOy —= B * Data
1 — data —
* Regqister # e maory -
register
| Data
° 3 ?




L

IF: Instruction fetch

S EE

J
g
d

1D: Instruction decode/
register file read

izl

AT IR [

EX: Execute/

address calculation

/.

WA : 100ps

MM 5 .

200ps

L\

Shift

N

J

>A o Sum

Lw

x

ALU ALIJ
mn_-,uI'l

t‘+/

MEM: Memory access

)
~

Addrass

Data

Write
data

Raad
data

-1ty

WEB: Write back

4-35
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4 — |
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|
; Add :
|
- |
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|
|
|
I
/0 |
" : »| Read Raad
u —=|PC Addrass [ register 1 data
X [ Read
i1 | ragister 2
o/ .
Instructon ! Registers
| Wi I:I.'E Reaad
Instruction | regishar data 2
ITHE T
v I - Writa
&4-24 | data
Register
I il 5 P P sl ] |
Load doubleword (Id) 200 ps 100 ps | 200 ps 200 ps | 100 ps 800 ps |
Store doubleword (sd) | 200 ps 100ps | 200 ps 200 ps 700ps | | / \\
::Zn;\rat (add, sub, 200 ps 100ps | 200 ps 100 ps 600 ps. I 23 III B4
Branch (beq) 200 ps. 100 ps | 200 ps 500 ps | |
|
|
|
|
|
|
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IF: Instruction fetch 1D: Instruction decode/ EX: Execute/ } MEM: Memory access 'WB: Write back
register file read address calculation |
L
|; |
|
|
v D . :;f‘:.;m ™ B B
b e o)
K_‘I%“F: > rﬁ |::|[‘ IQ_E:% A
- f B \ :ur—
% IL W , /l:l \/
IFAD IVEX EXMEM MEMWE
\\\
A - . - R*—-,_
4 — .'/- -\'- »add E.--:’—»
| Shift | _
| left1 ,|—"' T
o
ddresg b - Read . h"""\-\-..
£ regiater 1 - o= .
ki data 1 —
R Fiiaac‘é - ALU 2ero _.'
Instruction -~ Teqater ; ALU Fegd =,
memony " — ée-grgtera Read - —l-'/nﬂ\ et | Auddress data | _-_-": |
P—— L data 2 M P M
regiater » ________..f Data u
Winitz T b4
— - X a
data [ S0 -
c L ~
- | write
r/’_\\. o T | datz
1
32 Imm | ©4 -
| S
'\\__f,,r"
=5 u ] 5 @R Vg
= w 9
BE AT A N S A HL
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load$5< FJH I8 pT BL

Id
|

Instruction fetch

&|4-38

IFND IDVEX EXMEM MEMMWE
-
4 — h
Shift
left 1
[ 2
c
Address :% Read Read
£ register 1 data 1 \
= Read Zero = a
Instruction registar2 ALU Read
— Registers Roaq AL Add Bl 1
memo! = ress e
ry _E Wiite data 2 — e DM result data "
register ) / outa |
Write x memory X
data 1 a
Write
© | data
az imm | 64
LY . S—
v Gen
lw $s1,100($s2)
immediate[11:0] rsl funct3 rd opcode 14

l-type




load 84 I EE KB

Id
|

| | %4-38

Instruction decode

IFIND IDVEX EX/MEM MEMMWE
p——-
4 — Add Sum
Shift
left 1
c
Addmess = Read

(&}

2 register 1 Read - >

‘:."C- data 1

= Read ZEro j—- [

Instruction | register2 ALU Read
r—- Registers paoq ALU r—— -
& mio Address | 1
vy Wiite data 2 [ result data "
register / Data .
Wirite memory Dx
data
Write
data
32 Imm 64
L - f—
Id $51,100($s2 —\ o
)

|FELAE T 7
R ERE. o5 !

[Ixx@ustc.edu.cn 15



load$8 FIHAT B

| ’ |
5 7—‘ AN
4'39 o adderz j: I nﬁ ? | Execution |
IF/ID ID/EX EX/MEM MEMWB
————
> o e ————
4 —
Shift
left 1
LD

M
u PC —@—| Address c Read

—
1x -g register 1 dR:t:d1 = -

% . Read Zero — -
Instruction c register 2 ALU a1y Read
| = Reaqist . e
memoery _:_ | Wiite 9 Read > —={ 0 result | Addrees data [ '
register data 2 P: Data
- Write X memory
data
Wirite
> *| data
3% | Imm 64 >
Gen

Id $51,100($s2)

Cx ez

[Ixx@ustc.edu.cn 16



14-40

oad¥8S KV M Bt

IFID

pr—
4 —
|
0
M
u PC Address
X
Insfruction
memaory

Id $s1,100($s2)

| ° |
| Memory |
IDVEX . EX/MEM MEM/WEB
Add Sum I
Shift
left 1

g
E Read
k=]
2 > register 1 Read >
‘;C.. data 1
= Read Zero i

register 2 ALU

Registers geag e S Read |
| Address

_E Write dataz il result data

register Data

Write memory

data

_ Write
data
32 64 >
4 f—

[Ixx@ustc.edu.cn
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load B 5 [B] Bt

-

Write-back

MEM/MWE

I-type immediate[11:0] rsil funct3 rd opcode
u Address -_g Read Read
X = register 1
gy I | cota \Z .
Instruction ragistar2nsgistam ALU ALU g Read
memory Wike b i resut Address data
‘uxita : / mnD::;ry
data e 1
Program . e
execution order 2 4 o
w $10, 20($1)
sub $11, $2, $3
add $12, $3, $4
lw $13, 24($1 —
$13, 24(31) W) 5 [ s 12 ] 4-40
v add $14, $5, $6

18




load ) 5 [BIHi Bt

add $14, $5, $6

add $14, 85, $6 w $13, 24 ($1) add $12, $3, 84, $11 | sub $11, 82, $3 | wS$10, 20($1) |
Instruction fetch | Instruction decode | Execution | Memory | Write back |
Id
@4_40 Write-back
IFND IDVEX EX/MEM MEM/WE
[r———
Shift /
left 1
[ 2
Address -E __ | Read
= Read Zero + e
nsfruction register2 e
Im:m‘:nr - —I: Wite Registers 3:;{12 | |, ﬁ > | Address zatad = g
register M
Write ; mnD:'lh(;ry
data |
Program - | Wris
execution order - |
lw $10, 20($1) ™| Gen N
sub $11, $2, $3
add $12, $3, $4
Iw $13, 24(51)
w5 [tk bug? 19



MK R IE AR

l-type immediate[11:0] rsl funct3 rd opcode
IFND ID/EX EX/MEM MEM/WB
>hdd = \
4 — Add Sum I
Shift
left 1
<
c
Address '% __| Read
3 register 1 Read > >
b E data 1
- Read Zero - i
Instruction register 2 ALU 414 Read
i I I  Registers Regg 5 result = | f\ddress data [ [
VWnte data 2 b
register M /
. u Data
.| Wite x memory
data 1
_ Write
" | data
32 B4 >
M e

QEREVEED I

“IE i SR /K BT BT 2

W2 I BT A7 A AR !




Load| lech | Reg [ Exec | Mem | wr |

}-lmel Ifeich | Reg I Exec I Mem |

F:-'[\.NI ||'-=rchl Reg I Exec I Mem I W |
Btype | Tfetch | Reg | Exec | Mem |

2182 PR B IR 5 5T BT (8]

IFAD IDVEX EX/MEM MEM/WE
PC+1 ] ] [ |
PC+offset
Add - J\
= 1)

Kl4-48

36
40
44
48
52

/2

P18 982 RIS T B B Lk 98< 7 CPI? IPC?

sub
beq
and
add
Sw

Tw

M ]
u —=|PC | Address = Read
1x resgister 1

»| Fizad

Instruction

memary
x10, x4, x8
x1, x3, 16
x12, xZ2, xb
x14, x4, x2
x15, 100(x2)
x4, 50(x7)

l Instrudion

register 2

register

T

| Wit
data

Read
data 1

Registe
Write ‘9 I-E'F'..E\:;r:l

data 2

Instruction

L 1i,l

S

Al LS LB
Add ."-'lLU"
| 0} resul
M —
u

e —

—

v

[31-0] 3% ||-|-||.|.l\\l

T Gen T R
Imstruction \ /‘
[0, 14-12] |
Instruction
[11-7]

==

¥

“an instruction passes through a stage even if there is nothing to do” , R-type?



R-type5e liHf 0] : WBEX, RFli

L4 [

HH5E Rk ?
HETR 2 Nlw, R —

« R-typefg %
— 141

‘/t

%184 NR-type, CC5?

FIGURE e4.5.6 % J& {25 E@Tﬁé\%ﬁkﬁﬂ‘ 8] Load| Ifetch I Reg I Exec I Mem | Wr
Instructlons reference instructions branches
IR <= Memory[PC]
PC<=PC+4
A<= Reg [IR[19:15]] load Regk A
B <= Reg [IR[24:20]]
ALUOut <= PC + immediate WB
ALUQut<=AopB ALUQut == A + immediate if (A ==8B) IF ID EX MEM WB
PC <= ALUOut
Reg [IR[11:7]] == Load: MDR <= Memory[ALUOut] J
ALUOut or
Store: Memory [ALUQut] <= B I Register file
Load: Reg[IR[11:7]] <= MDR &
mul Reg3,Reg4,Regh ﬁ
RF “Pii—57 , REGIRHOMR! (ARG ] ' D Ex WB WE
T EL: pplisiin (stall) /PHZE MEM
T2 “BRESEERE AER, HAESE | i , | |
#Q&Iﬁ/g” o [44%)5\ ($4.6.1) ] IcycletimeI I I time




e A - » » 1+
beqfs 2 5E RS IR], 2 HH vs. ppl?
FIGURE e4.5.6 FIGURE e4.5.4, % J&#A%ds i@

Action for R-type Action for memory Action for
instructions reference instructions branches

IR <= Memory[PC] ol o L
PC=PC+4 E = Address [IQ—ISi i;?:teri Read M
A<= Reg [IR[19:15]] T nstructon -
B <= Reg [IR[24:20]] emory [24-20] register 2
. . Instruction Registers
ALUQut <= PC + immediate " 11-7) 2;'"?! Read
| Write ster —
ALUQut <= AopB ALUOut <= A + immediate if A==B) data Instruction e data 2 o
PC == ALUOUt In:tmdion _-2‘ data B
u
Reg [IR[11:7]] <= Load: MDR <= Memory[ALUOut] e I
ALUOut or Memory LT o
Store: Memory [ALUOut] <= B register Gen
Load: Reg[IR[11:7]] <= MDR
Instruction [6-0]

- ZHACCS, ppl? ﬂ
» beqLlM—2&fE 4 0N, | | G
5 301 T et .
% JE ” |i“’ == fL

ppl Kl4-33, RViL/KZ £ i




begZi ¥

A5 5E R TRl MMBR !

——
Add
4 —
u —=|PC | Address
X
1
Instruction
memary

K4-48

[ ] [ ]
IFD IDFEX, EX/MEM MEMMWE
g-ﬁ-ddﬁum -
Shift Eranct
| {ﬂ — Lr—
E II
S ! Read
= i Read - Wit
I i T~ -
I | Flead = Terot—
= register 2 i Add
N . ALL Read
B Write Raglstemuﬂefaﬂg g aaf? result =| Adaress gata 7| [T
- i =
- rEglE-tE" u Data
| Write x memory
data = 1 J
| Write
) /-\\I = data
Imstruction |
10 a | Imm | &4 -
AR Gen | * [ ™ I_
Instruction \_ / I-'
[30, 14-12] _ | o .
NS
Instruction
[11-7] - L - "

|

|

oM E D -




TEELTRATE: A

h w N

AT

Program Time (in clock cycles)

execution CC1 CC2 CC3 CC4
order

(In instructions) - -

id x10, 40(x1) ™ Jl:g: :@- -[ou
A

I
add x12, x3, x4 M Hreg

sub x11, x2, x3

id x13, 48(x1)

1L

add x14, x5, x6

CCS

i

DM

e R-typets & RS54 FHHTERL?
o S-typefid HEEWBE TN ?

o B-typefi &£ LA E

CCé6

CC7 cCs

CcC9

N7

Loadl Ifeich | Reg ‘Exec |Mem I Wr |

R—type-l Ifetch i Reg | Exec

| wr |

L{:-adl Ifetch | Reg ‘Exec |Mem I Wr |

R—typel Ifetch I Reg I Exec
Sturel Ifetch I Reg

IMeml Wr |

I Exec I Mem I

Loadl Ifetch I Reg I Exec

|l'w{em | Wr |

Smrcl Ifetch I Reg

| Exec I Mem |

&]4-45

Load| Ifetch | Reg | Exec | Meam | Wi

Siore| If=ich

Reg

Exec

Sem

Retype [lfetsh | Reg | Exec | Mem | Wr

B-type [1ferch | Reg | Exec | Mem |

25



/K ZRFZ] %€

Program
execution order

w $10, 20($1)
sub $11, $2, $3

CC5, HuhhypoR?

(ll

IFAD IDiEX EX/MEM MEM/WE

add $12, $3, $4 R F T A e
addS10.SS.$LO

o RegWVrits '
M - L
u = 3 Read
ister 1 Read Mes
Iw $13, 24($1) - : g1 Read ~_ -
Read s Zero— teg
- = register 2 ALLSe Add .:LU Read
Writs Registe [} result Address data [ =1
i dat= 2 M
register Data
—=| Wilrita. memo
data - 1_/1 v 1]
Wirite:
— l/‘ \ data
B 2 [ | 6 . I
T Gen /A MemRead
Imstructio '\_/ [ aLu | - h
[30. 14- 12| | control |
R
Instruction T
[11-7] ALUOp

TIKLRFLZ)E: [A—% 1228 H—CC “t5iGi” [K4-3671 k]



Single-clock-cycle Diagram: CC5, $4.7.1

add $14, 55, 36 I w §13, 24 (51) | add $12, 3, 34, 511 | sub $11, 52, $3 | w10, 20(51) |
Instruction fetch I Instruction decode | Execution | Memory | Write back |
IFD ID/EX EXMEM MEM/WE
4 —- }ﬁm
@/‘ﬂ
Iett 2
E PC | Addrass Road i Flaad \
data 1
Aead

| rmtnucsion

3
|
4
ITE
.,
1 1
iz
|
L
]
.

‘Wile
Program cata ‘
execution order 16 n | 32

w $10, 20($1)
sub $11, $2, $3
add $12, $3, 34
w $13, 24(%1)
t add $14, $5, $6 Kl4-47




Multiple-clock-cycle Pipeline Diagram, $4.7.1

Program
execution
order

(in instructions)

Id x10, 40(x1)

sub x11, x2, x3

add x12, x3, x4

Id x13, 48(x1)

add x14, x5, x6

Time (in clock cycles)
CC1 CC2 CC3

CC4

5. % CChH AR TR

‘H‘dﬁ'@[

M

CC5

£]4-45

[——

CC6

1

eqgl

|

CCT cC8 CCB
‘ Time
glﬂﬂ"‘jc‘imll ¥ ‘RD ALU MEM WB‘ E i
g : 1 : 1
<3 ' ' | '
8 Instruction? i ‘ i |RD ALU | MEM |wB| !
2 '
= I ] 1
% Iﬂstml"ﬁ'f’ | ¥ |RD ALU MEM |WB
Lil2]3]4|5]6]7]8]9]10]
| I | I | I | I | | |
e I EDLILOFOIELING | 1 |
me2|  lEDLlcglralEiiwgl L]
73] | FLDLICQIFQLELIVG] | |
W) || |FLDLICOIFOIEIING) |
wies) | | LG FQ L ELIWG)

Req|

JALU

2 & (Gantt chart)

1

—[DM—

SALU

Reqg

S

K4-33

DM

1
Re gjl




922uanbas uoionJisul

RV 5-stagesiit/Kk: i [P

add t0, t1, t2

or t3, t4, t5

slt t6, t0, t3

sw t0, 4(t3)

lw tO, 8(t3)

addit2,t2,1

200 ps

».| Resource useina
particular time slot
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the control of the pipeline register
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Pipelined processor with clock

Figure 7.47

CLK
CLK 67
0 1
1 PC PCF A ap
Instruction
Memory
4
PCPlus4F

David M. Harris, Digital Design and Computer Architecture, 2012——MIPSHK

CLK CLK CLK
RegWrited | ] RegWiiteE ] RegwriteM ] RegWriteW
Cflr:‘ltirtcl MemtoRegD MemtoRegE MemtoRegh MemtoRegW
MemWriteD MemWriteE MemWriteM
41:96 BranchD BranchE Branchh,"l_
1 A
Op ALUControlb| | ALUConirolEz.o 1 Hrcsron
5.0
Funct ALUSrcD ALUSrcE
RegDstD RegDstE
\ / =1 ALUOutW
CLK | = CLK
8] 1 |
0 N WE3 ZeroM ~ WE
25:21 SrcAE Bro
InstrDy Al RD1 =
ALUOUM ReadDataW
20:16 - = A fmD L
- A2 RD2 = 0 SrcBE < Data
A3 1 Memory
WriteDataE WriteDataM
WD3 Register WD
File i
r t
208 [0 WriteRegE,., WriteRegM, 4 WriteRegW,.q
15:11 RdE 1
|
15:0 = : <2
Sign Extend SignimmE . BCBranchi
PCPlus4D PCPIus4E
ResultW




FRLRE ST vs. K&k Rg: 28p196

e #il: WMEM=2ns, ALUAIN:28=2ns,
Reg=1ns, HAMFAFBEA KER . BRSNS A
B 7K 28 77 A AT 355 F8 2 W B [a] 2
— B EPATH R K2 €/, 8ns

o HAT3TEL F T IS (B N8ns X 3=24ns

o FAKIEY S5 H15TE L AR (8] [8]fF=8ns X 3=24ns
— MKZE, TREAERS R K P B X CC, 2ns

o HATIZIEL P FE I (A N2ns X 542ns+2ns=14ns

« BBAKARA LR A 2 I ) [ =2ns X 3=6ns
— EReieH

o JZIE3ZKFR LMD IATHS 8], 24/14=21%

o JEIRITTRIEING, 24/6=4f%

o hHiELL?

[Ixx@ustc.edu.cn 37



TIK 8 532K

© HINRENUKZ: A BESE P TIRE MUK ER, Wi RO K £

ZIRETUK L KIS Bl DAEAT AR RE, s i /K 26 4E
ANTA] B 18] 5 AN TR T D BE

© HASTKE: RIS TRBON, KIS BUA BESL IR — M I RE E

AR, BV 25— R R R BT 3R e 1 RE 4 e A5 21
KA .

o EARUKL: R B, BTSRRI (AT

HABBCAFESE I 55— I GF =D

o JRFHKER (In—order) : ¥YitZKZEIIIH T 5 HGEANGTAEI .
o ELFPWAKELR (000) : WKL T 5 HFNIT A .

o ERSTAREUKE: AXTE AT T AT EHEY

o EIARRERKEE: XMTRLAPATIRFHATEHY C “RLSIAET D

38



. Branch
. — »
AN |
M T ‘ )
u
X
4—
M
u
X
ALU operation
L»| Data | @
p>| Register # Meminrite
PC [#> Address Instruction re—| Registers ——| Address
- Register # M Zero Dat
Instruction u ata
) memory
- X
memory p-| Register # Ragrite e
Data
MemRead
IFAD —
—
4 —
J PCWriteCond  / \ PCSource
e - N 1 h $—[Address
( PCWrite | oyiouts | ALUOP g :;a:h"' ! e
lorD | T
| ALUSrcB " g Feod
MemRead ‘ Control e m,,,immm" - mglﬂal'hzgislm-i Read
=l v Write Read ——+ ™ ]
MemWrite | | —| regster data E
MemtoReg | [;ﬂ | Regwrite | wine L
ata
IRWrite ! /
/ Instruction
| [31-0] a2 jmm | 64 —
e Gen — / \ Meml
- Instruction [ a
Instruction [30, 14-12] [ o
[5—0] ‘lk|fJ|
~|PC Instruction Read Instruction
Address [19-15] register 1. o 4 [11-7]
— Instruction data 1
Memory [24—20] Read T T _ _ -
register 2
MemData "
Instruction _ Registers ALUOuUt
111-7] Write " Read
- Write register oo _.. 0 "
data Instruction 4+ 1u
register Write x
i data 2
Instruction
[31-0]
Memory __I— / \
data Imm | ALY
register Gen \ control |
Instruction [6-0]

FIGURE e4.5.4



Summary

FEF e 5CPUMkRE: 2k
ISAIJUArChSEEREL TG i s — LS B =14 B4 ] 1
— M. A5 (2K B—r 8 E A R
— Z AWM. \A5E B B2 E A R
o Digedl T IEEASF R AR B A e g R EE T
— MK B (K B2 MK EAHR, ILP
o M. ST, SERF, 0 (ASAP)
o FHABVKEZR =H A, “Wfr, EE, LK
o I THEMEZER: CPI, IPC, jniELk

- B%ﬁ}ﬁ%yﬂn E%iﬁ'%‘/ﬁv Luadl lfelchl Reg IE.\;ec l_\flem l Wr |
‘\ ~ - . -
® 02ﬁ_‘17j‘< éﬁ RV E/\J E] ,;I:‘—JA?‘EE Sro:el Ifetch I Reg I Exec I Mem |
- R‘type*gé’\%éﬂ uxg‘iﬁﬁ&? R-type I Ifetch I Reg I Exec I Mem I Wr |

— BESHILE—cycleli B £ 44842
CPUITE: ISA, HRiEeg, =iy, NP
— UArch 42075 7 fReiEelE, BdEiEs, #H8s, %456

2003.6.1 [Ixx@ustc.edu.cn 40



e

- %
— NARV R FHload/storefg 2 1Jj1£?
— N EE . 2 FE BRSNS = B ibuffer, i
IKE 32 HME 5 75 Zbuffer?
— MK A5 B SEE 7 207
— s MR 7K 2614 B A 74 1Y R 2= A Wk e ?

o SIS, RVIES A T EZS?

« 1Bk



MODERN PROCESSOR
DESIGN 3l

o~ sohn Paut Shen
~a Mikko M. Lipasti

Parallel

. Computer
Organization
and Design

42/94

[Ixx@ustc.edu.cn



