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sub x2, x1, x3 B_F
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[%4-55
sd x15, 100(x2) EQ% “« ﬁﬁﬁ I Ij\]j;ﬁ ”
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=
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ForwardB
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-
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EXEXZ AL (1/3) ¢ “=4VIL” , $4.8, bug?

e EX/MEMG#E la. EX/MEM.RegisterRd = ID/EX.RegisterRs1

_ e A T ikiife o — 1b. EX/MEM.RegisterRd = ID/EX.RegisterRs2
« MEM/WBGHI 2a. MEM/WB.RegisterRd = ID/EX.RegisterRs1
BA B A
— R —MBHE L 2b. MEM/WB.RegisterRd = ID/EX.RegisterRs2
IEEX E)UEEM MEEWB
N W
- Registers +\:’;:orwardh ALUL—
N | =(;|" Data _
: - memory | '3
ForwardB] 4|_.
E EX/MEM.RegisterRd 5 U'b :':2 ' Kl * }:3
. and x12, x2, x5
o _-’/;-orwardm; ‘u_ . _—‘ or x13 " X6 " X2
='.\- unit /‘..' MEM/WB . RegisterRd Eldd X 1 4 . KE - :’{E
I sd  x15, 100(x2)
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EXE&%E%*QMU;%U\IU (2/3) s p221/p224

o JCJIHIHE: PFicase
— Casel: dF5 R84 : RegWrite?—— R ? |
— Case2: HIr# s v$zero: RegisterRd £07? RegWrite  |514-58

| Control | ’—- % E);'.I:TDEM

la. EX/MEM.RegisterRd = ID/EX RegisterRsl IF1D U/ LE LE sy

If_‘\
1b. EX/MEM.RegisterRd = ID/EX.RegisterRs2 ) - :‘E"
2a. MEM/WB.RegisterRd = ID/EX.RegisterRs1 — | | | [ || —|™""|_ M - —ﬂ
2b. MEM/WB.RegisterRd = ID/EX RegisterRs2 — | I :[{ nencr J’

I 1

Fionapenrer] | || ——
EXE& RAW*{TL\ \{D_\I” jsj.n; )I_\“J H TE/Q"\Z o o —_fr_n-:u::_i MEMWB_chistchr —‘
if (EX/MEM.RegWrite —

and (EX/MEM.RegisterRd = 0)
and (EX/MEM.RegisterRd = ID/EX.RegisterRsl)) ForwardA = 10

if (EX/MEM.RegWrite
and (EX/MEM.RegisterRd = 0)

and (EX/MEM.RegisterRd = ID/EX.RegisterRs?2)) ForwardB = 10 2



Forwardingf&iil| #5: CC#?

ForwardA = 00 ID/EX The first ALU operand comes from the register file.
ForwardA = 10 EX/MEM The first ALU operand is forwarded from the prior ALU result.
ForwardA = 01 MEM/WB The first ALU operand is forwarded from data memory or an earlier
ALU result.
ForwardB = 00 ID/EX The second ALU operand comes from the register file.
ForwardB = 10 EX/MEM The second ALU operand is forwarded from the prior ALU result.
ForwardB = 01 MEM,/WB The second ALU operand is forwarded from data memory or an
earlier ALU result.
ID/EX EX/MEM MEM/WB
- A - - if (EX/MEM.RegWrite &|4-57
.y - —lu and (EX/MEM.RegisterRd = 0)
— ~) and (EX/MEM.RegisterRd = ID/EX.RegisterRsl)) ForwardA
Registers A ForwardA N
. ALY if (EX/MEM.RegWrite
™ T ’n: Data | and (EX/MEM.RegisterRd = 0)
’_:x memory @ and (EX/MEM.RegisterRd = ID/EX.RegisterRs?)) ForwardB
p—
[y
Forwards) if (MEM/WB.RegWrite
Bt , and (MEM/WB.RegisterRd # 0)
== EX/MEM.RegisterRd . .
Bd and (MEM/WB.RegisterRd = ID/EX.RegisterRs)) ForwardA
—_/'Em—{:g\‘_ VEMNE Regsiors T if (MEM/WB.Reghirite
PN and (MEM/WB.RegisterRd # 0)
and (MEM/WB.RegisterRd = ID/EX.RegisterRt)) ForwardB
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EXECSZ A IMIELN] (3/3) : K1, p224
1843 K 1841, &

if (MEM/WB.RegWrite cEn (Y
and (MEM/WB.RegisterRd = 0) ‘

— 01 ==l

sub x2, x1, x3 [Has ]

and (MEM/WB.RegisterRd = ID/EX.RegisterRsl)) ForwardA
and x12, x2, x5

or x13, x6, xZ2 - = -
add x14, x2, x2 ‘ :

sd  x15, 100(x2) B )
RKM: 7893 MEE 1EL1L 1 ﬁl "
add(x1) x1, x2 MR oM
add@ x3 T
add x1 <:I>

ﬂi&ﬁ_\iz

if (MEM/WB.RegWrite
and (MEM/WB.RegisterRd = 0)
and not(EX/MEM.RegWrite and (EX/MEM.RegisterRd = 0)

oM )
and (EX/MEM.RegisterRd = ID/EX.RegisterRsl))

and (MEM/WB.RegisterRd = ID/EX.RegisterRsl)) ForwardA = 01



if

(MEM/WB.RegWrite

if (EX/MEM.RegWrite and (MEM/WB.RegisterRd = 0)
and (EX/MEM.RegisterRd = 0) and not(EX/MEM.RegWrite and (EX/MEM.RegisterRd = 0)
and (EX/MEM.RegisterRd = ID/EX.RegisterRsl)) ForwardA = 10 and (EX/MEM.RegisterRd = ID/EX.RegisterRsl))
and (MEM/WB.RegisterRd = ID/EX.RegisterRsl)) ForwardA = 01
if (EX/MEM.RegWrite _ _
and (EX/MEM.RegisterRd = 0) ‘fd mgmmg-geg‘f‘r;te% o)
: - . _ an .Register
and (EX/MEM.RegisterRd = 1D/EX.RegisterRs2)) ForwardB =100 4 not(EX/MEM.Regiirite and (EX/MEM.RegisterRd # 0)
. B A B A and (EX/MEM.RegisterRd = ID/EX.RegisterRs?2))
EX hazards: f5<2{iifE <1 and (MEM/WB.RegisterRd = ID/EX.RegisterRs2)) Forwards = 01
EX hazards: 54 3fk#ifs 41,
ID/EX EX/MEM MEM/WB Z:'RE% E{‘/ﬁ‘\z
gl
= = U
x MElMB
1 —
Registers Yy TN " registors L
ALUSrc >\ o Data |
ALU — e
/ .
— | - =ml \\
':' [ | Data . _ [
- | " " L
X \\ me mow |3 | MEMWB RegisterRd
- //
T \\‘/// - 1=
T £14-56
N -
=|." Forwarding '\ g—0 @4 59
- unit |-
— ERE: |-type ALU
SLEPEMUX,  E4-567C
immediate[11:0] rs1 funct3 rd opcode l-type




EXBUE R 505 180 W -5 1251

ID/EX
la. EX/MEM.RegisterRd = ID/EX.RegisterRs1 e R H
1b. EX/MEM.RegisterRd = [D/EX.RegisterRs2 4 \\ L'-"-’B egwrlte
7\ EX/MEM
2a. MEM/WB.RegisterRd = [D/EX RegisterRs1 | \

L_.wB MEMMWE

—: Control : M

2b. MEM/WB.RegisterRd = ID/EX RegisterRs2
IFND NG iF EX o M WB
W £
L= b= \
g 1 i E IF
orwardA
3 Registers >ALU . - > m
= <
| Instruction = | - > 2
memory > M Data -
% memory
® -
ae} Pl :L : ForwardB ]
EI_I_A@:X:’ s IFI‘D.R%'S‘O'RS1A Rs1 e >
P lels IF/ID.RegisterRs2 Rs2 :
a IF/ID.RegisterRd _ Rd| N EX/MEM.RegisterRd
seiplegs
._// -\\

sub x2, x1, x3 - Forwarding T | | MEM/WB.RegisterRd
and x12, x2, x5 K<4-58 A it >
or x13, x6, x2 .
add x14, x2, x2 ) SRR
sd  x15, 100(x2) EEREEY

FWU: CCAKALUSZ RATHEEEXE (ALUMIA) , CCERALU/NWES RATHEEEXBS,



MEMEX E%:: MEM copyli] @i, p225

e “RISCH, mem-to-mem3E 145 e” ol Re T Tven T wi ]
— EEIW'SW§EJIU: Iw $1, addrl: sw $1’ addr2 store| Ifetch | Reg | Exec | Mem |
« MEME:5Z1%: MEM/WB => MEM, JC#E Abubble!
— J¥E, DP, CC#? =M -

IW X2, 100()(1) Rs addr Mem.out
| addr S

sw x2, 110(x1)

or x15, x6 x2 Re data

sw x15, 100(x14) >

lw x15, 100(x14)

MEM

MILIX

ForwardMem
Rt.data T T Rd.data

A I-(Fc:-rwarding Unit

I
|
|
|
|
|
|
|
|
]
|
T
|
|

eql
I 5 _gJ MemWrite RegWrite
: RegisterRt MemtoReg
RegisterRd

d

—+F

COD p225F%5f#: “loads immediately followed by stores” , ¥4 ?



i (EX/MEN Memfrite and MEM/WE. WemtoReg  LIXXZW, 1EAf?

M E M 4?‘1;& and (EX/MEM. RegisterREt Y= 0)
HJ and (MEM/WB.RegisterRd = EX/MEN. RegisterRt) ) ForwardMEN = 1
ID/EX EX/IMEM MEM/WB
| Loadl Ifetch I Reg I Exec IMem | Wr I
- > store| Ifetch | Reg | Exec | Mem |
Registers A \
ALUSrc > B
ALU —
— - - :K_'\]
T M Data
| R u > >
X X memory
[ 5
T - - —
B 1' =
Forwardiiem RegWrite
1 MemWrite MemtoReg
= RegisterRt Regsterfd
Forwarding Uit
@4'59—5& - Forwa_rdmg .- I
A > unit |-

WASCCTLTAE? N
PANFWUA 2




[1

I2

[3

4

[5

6

[7

Multilevel Bypass: FEZABaif!

Instr
Issue

Data

read

AGU

Data
ache

Data
~ache

ALU
\

Fault | Fault
M MT

Write-
back

\

\

\

\

[nstr
Issue

Data
read

AGu

ata
cache

PALU

ult
T

R

Fault [Write-
& MT| back

A

&
\

|
Instr uDuta

[ssue

read

GU
)

ata
cache
|
Data
: ihe
|

Cd

UD ta

caghe

flo

Fault | Fault

& MTj& MT

'Write-
back

Instr
Issue

UData

read

AU

I

tauD

/
ata
cache

Fault

ALU l& MT

Write-
back

Fault
& MT

/

/]

Instr
[ssue

u[}ata

read

Data
Eﬂ?hﬂ

Data
cache

ALU

Fault | Fault
& MTIS: MT

Write-
back

AR J L FH 3 i 4 23 AR )L !
R ERAR P

@7{3”
/

Possible value bypassing paths
for the Intel Atom in-order
execution engine

Instr
Issue

ata
read

Data
cache

Data
cache

Fault

ALU & MT

Fault
& MT

Write-
back

.'
ﬁ}EU
[

Issue

[nstr uﬂam

read

Data

AGU cache

Data

cache

ALU

Fault

Fault

& MT

& MT

IWrite—

back

Antonio Gonzalez, Processor Microarchitecture_ An Implementation Perspective -Morgan & Claypool Publishers, 2010



forwarding Al JHEFIRAW

Time (in clock cycles) >
CC1 cCc2 CcCc3 CC4 CC5 CC6 CC7 ccs CC9
Value of register $2 : 10 10 10 10 10/-20 -20 -20 -20 -20
Value of EXIMEM : X X X -20 X X X X X
Value of MEM/WB : X X X X -20 X X X X
Program COD4K[4-53 (2kRV2[K4-55)

sub $2, $1,$3 | IM -[ DM [ :I 4-54) FBIRHIR R

Reg

et H - E - ME BRI A ERFHI A (&

J J 2L L AY A=

0 = i ATHE:  =ar A =>F —
and $12, $2, $5 M o Reo[ ‘EF oM | | Reg 7% . load-store

— UV U=l —  ccsmfro

$13, $6, IM — | req™ ] [ E |— DMH HR
or B J _—l—_,__ eg
@ﬂJ«QHD i i i i
add $14, $2, a0l el s IM |— JZ[: E I— DM HReg
Tas Y e i B _T_l__

B
il Hm,ﬁ ﬂrl > — — —
(A <hg 0 D v
| w15, 100 @?ﬂ Es i { ] :B; ﬂT_H?Reg
$4.6.2, p201 _ } .
RISC ISAZVUANRFIE:  “BEEcTRSMNAERE —MUKEE 47 , Al Fforwarding! 33



forwarding ICiEMRS

Time (in clock cycles)
CC 1

cemion B

order
(in instructions)

Id x2, 20(x1)

and x4, x2, x5

or x8, x2, x6

add x9, x4, x2

sub x1, x6, x7

LKIRAW: backwards

-

CC2

CC3

CC4 CC5 CC6 CC7 CC8 CCH9

load-use-data hazard (7F¥rload-used hazard)

>

(-
—E:Reg

&4-60

[— S—
EacH i }

M T Loadl Ifetch | Reg lE.\';ﬂ: I}-»l-:ln I Wr |

DM _E{;}} R-I}'p-::l Iferch l Reg l Exec I Mem I Wi ]

“« A7 PIF”
A 2 =

Reg!

S Jistall—N I, FEETHE

1
LE

I ) -1
L O~ —
M Reg ):D~ —[DM —E&g}

[Ixx@ustc.edu.cn 34



load-use-data hazard, $4.6.2

400

600 800

1000

1200

1400

Program

execution

order Time 290

(in instructions) —
Id x1, 0(x2) IF —5 1D

>EX MEM—+—

s

sub x4, x1, x5

(bubble/  bubble/ C bubbley\

A L _.'f

5,
.

r—-

(bubble/

\
\ \ !
PN 1 A

X]4-32

."_'__"l:”.g_;jt*li%_;?" load delay slot

MEM

WB |

o ZRiFVE: fiAnop (=sl1$0,$0,0) , B, ELEHFHELSHE

o ffiffvk: Interlocking

— stall: stretch & delay
— FW: MEM/WB->EX

— H4E?

Clock cycle

— = lime

Load R2.(R3)

Subtract R9, R2, #30

I 2 3 4 5 6 7
F D C M W
F D C M W




Code Scheduling: %%, $4.6.2

o RS HTF:
— RISC-V code for
— “PR24~cycle” ?

L\

T P ERAT Y

“a=b+e; c=b+f; ”

A RTHE, B2

o NEFrARASNTA RIEE! [WELSGE
- %)ﬁ ’ f?zé‘
1d
x1l, 0(x31) // Load b 14
x2, 8(x31) // Load e ]
x3, x1, x2 // b + e e
x3, 24(x31) // Store a add
x4, 16(x31) // Load f Xe
x5, x1, x4 f/ b+ f
xh, 32(x31) // Store C agd
S

BEBACHS HPRAT B 8] 2

x1,
X7,
K3;
X3,

xh,
x5,

[ SRS HE]

0(x31)
8(x31)
16(x31)
X1, x2
24 (x31)
x1, x4
2(x31)



mEftEstall: A-BH.81 “interlock”

e Interlock: Z&MLH|, £ *¥fhazard
— HRRIs T 22 1R T ]
o VKEFAR: M, #HL, fFEER

 Interlocked Pipelined Stages

— RAW: EX. MEM. WB e :b_ 21
— HDU(hazard detection unit) ﬂu t’: VT— 1
B , ol ) ‘*}PJ |
IF ﬂ D :B MEM— waé ,M_}___ _"DM‘DM
Lk Aﬁ% e IR




RAW Stall:

Time (in clock cycles)
CC3

Program
execution
order

(in instructions)

Id x2, 20(x1)

—————

—_————

or x8, x2, x6

, add x9, x4, x2

CC1 CC2

ld x2, 20(x1)
and x4, x2, x5
or x8, xZ, x6
add x9, x4, x2
sub x1, x6, X7

Interlocking, $4.8

CC4

CC5

CC6 CC7

DM Reg]

:> DM
|

[

Em l}

CC38

CC9 CC10

MEM| -+

:." 1bb —

Re g}
]

DM

‘g—mw we |

IF —= 1D

__ [ Pubble  [4-28: fERTTR
Red ) EHEMEMWBRT AT HE R EXE:

44-61
J1/Nbubble?

s



Interlock: load-use-data stalling

« Stallif X : freeze up and bubble down

— We can stall the pipeline by keeping an instruction in
the same stage

 load-use-data stalling: 7EIDEX!

—  RGEXHTEBIATER/KE DIFFIDY , iz 55 HefE
BINFANE RS S PCWrite F1IF/IDWrite
fEPCHIFNDRII £ ERL (177148« FHIESEFHPCHIF/ID

T 512 9 = 3 /i = € AN e 1 TP 2 o [51 0 N S

ID/IEXiEZ, H. “let them percolate through the pipeline”

» HDU(hazard detection unit): faill, %)
— load-use-data stalling#i 1], CC#?



T

A if (ID/EX.MemRead and v IDE
ID'EXInterIOCk o ((ID/EX.RegisterRd = IF/ID.RegisterRsl) or
R TE R TEIDE AP A B Hop— /EX.RegisterRd = IF/ID.RegisterRs2)))

A e A HOAN stall the pipeline )
/T\:,FEI?XEIZIjﬂW,— _E;ﬁ%ERAW s Bl ﬂ%'ﬂﬂzb -

freeze up 'Aﬁtgrlc:ckfs_fal{\ - 1d? o )
.\ —{ getection Jez ID/EX.MemRead _@»_ﬂ; _}}:DM}

x =

\ ——, unit /2
/ o Yo~ | _bubble down bk
£ =~ —l—- stalling
= IDIEX/
- i s
= - el EX/MEM
- ItII::m‘ferIl' - M —|\WB
2 I'-., / [ ¥ LhiEMfWB
= IF/ID \__/ \ o - RN pu il
o -
—~
-+ %= - M
= U
5 X
‘g Registers L A
' JForwardA -
I i 2 g —~ >ALU
BC nstruction L. = M
memaory Data -
g : g memaory
N
t
ForwardB
K|4-62 IF/ID.RegisterRs/ h X
IF/ID.RegisterRs2
ld x2, 20(x1) IF/ID.RegisterRd R Rd _ X
and x4, x2, x5 "
st 7 Forwarding 1%
or x8, x2, X6 o Forverting T
add x9, x4, x2 T\
sub x1, x6, X7




1d x2, 40(x1)
and x4, x2, xb

load-used, single-cycle diagram or x4 xa. x2

add X9, x4, x2

or x4, x4, x2 1 and x4, x2, x5 v 1d x2, 40(x1) \ before<1> ' before<2>

I | | 1
I~~~ Hazard I H

! 4 N detection ~ ID/EX.MemRead | :

: { ;:i[ unit ]" | _—ADEX_ @4'22\ 4-51 |

[ \\_,/K Yy r — \ 1

: \ L (' oo WE 11 )) ! :

. \ S EWEH :

! N - 1
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i \\ g gk * N MEM/WE
I \ e —] L L_'._
IFID \ Ex -

i AN - -
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ma
0
Y
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7
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a
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m- oy e
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memory \ 5 X . mamory N
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=\ A=
5, Y AERN
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Clock 3
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or x4,

Clock 4

x4 |

X2

Instruction
mamary

1d x2, 40(x1)
and x4, x2, x5
- - or x4, x4, x2
load-used, single-cycle diagram o, **- x4 %2
: and x4, x2, x5b | Bubble | 1d x2,... : before<i>
] | | l
: 52: ///—”j:a\\\ i i
: ‘ :E* f‘ e i
i ] (I;_I_w b E
: . L\"’ia__ _d=7 ‘ MEM/WBE
IFi I:D EX M |—-we
A - | .
2 x2 X
= e b——
c M
'E i Registers T
= _ Data I =,
R E—— o - -fi‘\_ >ﬂ|.l-| == — ;
- - ‘:t _ x
: [ ] -
2 2
5 5
A4 ; 4 2
T R R _r I Forwarding ""_—|'_— T ‘
Ir :;_ unit -: :

FIGURE e4.13.19: andflor& %, EXEbubble.

HE, HNFWHTAE, EEF.



1d x2, 40(x1)
and x4, x2, x5

load-used, single-cycle diagram °}, X5 %%

add x9, x4, x2 or x4, x4, x2 vand x4, x2, x5 ' Bubble v 1d x2, ...
I i : I
4 : | :
4 -
2 DR : :
| 7 N | |
: f ¢ 10, [ualro ; |
| WB—= LEWEM i
I = . i
| 0 |
i —— M WEB I'EI!ME'\\
—_— “ S N
: ( 1)
1§D EX =1 M N - |WE //
—L - ]
4 4 x
* i )
c _—1Mm
gl]2 /T =\
L = [ X
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Clock 5

FIGURE €4.13.19: andi#f NEX, FHFWUMMEM/WBRTHEX2. RIS, BERISE (5 , #orfix2EHRFW
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HDUfE G EEXEor IFEX ?

before<1=

1d x2,...
L

E

unit

I
|
I
1
i
I
|
I
i
!
EXM
-
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T
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VifE1E 2 HIRAW: in-order ppl, Tistore-buf

51

— load-Rtype: A& “Him M gEfmse” |

171 2%

— WAFCopy: AFEMAE, FiE

sk [load-used) : EXEXE R, one stall

Loadl Ifetch | Reg IExe-: Il“dem | Wr |

a2, ZO(Xl) R-type | Ifetch I Rez | Exec ]| Mem I wr |
and x4, x2, x5

or X8, x2, x6 Load | Iferch | Reg | Exec | Mem | wr |

add X9, X4’ X2 Sturel Ifetch I Reg I Exec I Mem l

sub x1, x6, x7

Lk MMEZER, Tstal :

lw x2, 100(x1)
sw x2, 110(x1)

SW X21 100[)(1] Stnrel Ifetch I Reg I Exec I Mem i
Iw X2, 100[X1] Loadl Ifetch I Reg I Exec I Mem I Wr l

xor x1, x2, x2

— JE#EZFAE 100[x1]Hh ouREr, X285 NiZiREHR IR Z NAFH.TT

IW X3’ 100[X1] Loadl Ifetch I Reg I Exec I Mem I Wr !
SW X2, 200[)(3] Stnrel Ifetch I Reg I Exec I Mem E




N TPHEARSE/KZ] 1) 'E K

. BE HEREG A, BE BRI AE, BT
- ézﬂk*@‘{tlj%?: Ia—‘CC’ YI%/ Iz//‘ﬁ, %Zﬁsta” Loadl li'elchl Reg IE.‘{iC l.‘dem I Wr |
+ HIGEIMEM: IF, MEM, M#h&ii Revpe [itech | Rea B enee | vem | we |
. RFE‘_‘EﬁﬂuﬁD: |W-Rtype, Rtypef%é\iﬂé,ﬁﬂWB Smrel Ifetchl Reg IE?-:E:: Il-[em |
— WKZRISAKF R4 “BRIESRE-NMER, HHMEWBEERE”
o AR GHENVARGEHFEAMD) © “RAWBHZE ] GEid RIFSIDSE /I phER” 2
— RAWEK:: AFECC, HEf=&-Hea, 1T
« “=HIUUx” . ID. EX. MEM., WB?
— WKZRISARF R4 “FRIELAE 1M4ER, HREWBERERFE”

« IDEt: RFWHE, “RFEFFERL” , HEE a}a}plets
- EXBt: ALUJEERESL MISINEAn
— MEMFIWBERTHEEEX, Wk i L n
— load-used-hazard: stall, HWBH#EEX, ZfiR _‘ﬁﬁwi}tg L
« MEMEL: Store-hazard (lw-sw) , WBHI#EEMEM, JHE @Pﬁ%:__%q
- X #atPlets

HARR K Z: st Bl (B
— B (OSBRSS : FWU, HDU C(interlock, stall) , flush
— Dubois: “HA T EpplB A B AL IDBAC S, HGASHHZE” ?



MR, RAW, B (K4, 4b3)




(24

Wake-

Select
H up
A

Data
read

Source
Drive

ALU

Result
drive

Write-
back

— KRR IR 1T ?
o $4.18 =K
— SRR K 2R B A 15 10 IRl 25 A R 2

— WREetE L AT ReidE K Zestall, A RS R &R 2
. Stallffjig X2 “freeze up, bubble down” , #ifa[ S22

o FEAUMKEHIEMANI B = A AR ?
o HIFLERAWSSH?
o MEMBEZHIHER) HIHE 2
o fATETAE EF FW Allinterlock ?
« load-use-data Forwarding#i i ?
o |d/sdfFEDSMHI R ?
o gmikdsanfiiistall?
— AR O S AR R AR 5 X 2
— NFTRISC R A load-storetg 2 i 17 ?

Wake-
up

Select

zDam
read

Source
Drive

ALU

Result
drive

Write-
back

— ANARISC— &8 MNAE A — MIUKE S — 4R ?

E\V: 4.16.4~5, 4.22
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