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A Lab 1. 1D Winograd

A Winograd \ | T Y1321 oM V@ QV |1 OTpgy e O®oM™ 4 dA

e CNNL AX 27 E NO|KQ Yp Viz. Tndol oM/
A h aaNhX A9~ ©i1D Winograd 1 X Fr L 4 W p

A h " msA ¥

A 4T 631D Winograd h X € 60 Points

A Lyt 4 ©Bi1D Winograd h X € 30 Points

A 9:2 Ly 4 GBi1D Winograd 2 Wpe 10 Points C
AH goe “YaH £° AEAsScE 3 " A Projects |
A BT H YA U v A

0ys ' Nk Xy <3>



A Lab 1. 1D Winograd

HEE SLI0 PR RIMMREN X 4
1. YRS ATRBEA Clab for EDATRE, B5% Lab0 MITHBER.

2. XS EIRIERZXMR /mnt/nfs/ ST, (REEEER Labl XMH3R, ZXMHREH
TALRAFNAEXM. ZEZRE2REN, (REERESHIECHRER TH#HTIN, 7]
DAEFRAN T ap<

cp —-r /mnt/nfs/Labl/ ~/Labl
cd ~/Labl

ZEZPEEMANMESIENXERE, 9505 winograd_comb F] winograd_pipeline ,
M HRPEHES T LHMBATRELE. MIXFEE . MakefileZF X,

NIp
LD
S A
~ e

< -

o <)

598

ezt ¥

PEKING UNIVERSITY
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A Lab 1. 1D Winograd

Testbench iB17H %

£ 1: BEFHAEBEHEM 10 Winograd EFITEEIT

519, RBREIM—THEESBEN, ERBKDEEN 1D winograd BRiTHES T, TH
BAMEBsRBELRER, MEERANZROAE.

- TRTER

BA run BE, IE1T make rerun BIRE{TH#EN, ERNAEERER, BFZRER
IREFGUI, RIBATEVS CodeEIE{EMA. MTFiEtestbenchig®T s$monitor @<,
LFGHTE SEPARNZIMTHEER, JURFRIISEREEIEH.

1. winograd_comb XHEREBE TIESTENY, SEEWNT:

— run (HTHENER)

| | Makefile

| L— winograd.f

F— dc (#TREMER)

| }— Makefile

— rpts (HRELRBE)

I_ TEa

src (Verilog JELHBER)

— input_transform.v (LtAMREEIEEZ)
F— output_transform.v (HAFEHET)
— weight_transform.v (HAFEEHET
b— winograd_1d_tb.v

L winograd_1d.v (UtibEEiEE

pected
pected r

|
|
L

Expected ri
Expected
Expected ri1_p

t 1e5eee:
115608:

match
match
tch
match

< match

2]
1250€0:

2147483648,
simulation time
Simul

BRER: ({ERverdi)

fgBVerdi, AIMEREBBIETIEPINER, EFi#iTdebug. N run B, i51T

make all BNEJ#{THEHHERER. ATFEHGU, Z—SBREERRRERE.
TOP module i F winograd_1d.v A,

WMIETTRET, S aEEEVerdiE O, EVerdiEOHP, EHETH Signal - Get All

2. HEE Signals BIR]ERABERH.

v PN, SeMAEE;

<Verdi:nTraceMain:1> testbench testbench (testbench/testbench_cb.v) - /home/.../testbench.fsdb 25 R
Fle View Source Onelrace Simulation Tols Window Help

7]

B MDD &

Instance

& insert_data

& moveTail

{7 remove data

&9 reset an

& show_10_content
{0 show entry_content

Instance| Declaration

»enWa > [homefalmalinux/workplace/alarch_lab24_goldtestbench. fsdb
DL [ .t rmen .ty

£

; Get S\:m-ls

Select

ezt ¥

PEKING UNIVERSITY

<z BReE*»0I00%L5% @ M (S B
& -0 +sras: _cb.v)| Line |8 024 -0
Module:t 8| nod = FRIE: {'ﬂ
3 "
<o 1
12
13 integer count,linbo,idxs //TEST VRS
Y reg  clk, resst, wove_tail, dinl_en, din2en, doutl_req, dout2 req: //input
15| reg ['CB_IDX-1:0] tail_new: //input
18] reg ['CB_VIDTH-1:0] dinl, din2; /7input
17) wire  full, full_almosts //out
18| wire [ 'CB_WIDTH-1:0] doutdl, 3 /loutput
19) wire  ['CE_IDX-1:0] head, tail; //output
20)
21 cb #(,CE_IDX( 'CB_IIX), ,CBUIDTH( "CB_VIDTH), ,CB_LENGTH( 'CB_LENGTH)) cbo (clk,

dout2, full, full_alnost, head, tail):
2
< el |
Q450 x
0 x100ps Q| @ By: |4 | » o Goto »|
a PR TP~ TP T - TSP .1 T T

Ctri+Ait+A

resst, move_tail, tail_new, dinl_en, din2_en.doutl_req, dout2 req.dini, din2, doutl,

4. BB AR IR X 4

O&EE=i=

malra AT Amn

> Oy i 3

BNRTIENLRRZ 1745 2 A dhilks ot erid-

<5>



2 e FETHE, MALE rpts BRTFEESSRS. RAJBE winograd 1d.area.rpt X } g
i O HREEERIER, WHHNERXE winograd_1d. timing.max.rpt X, ZIHFHE at X, Jl‘ .6'
STHFOROARER, MERN, HABHOFTERR dns 0IFLOR, HXHY PEKING UNIVERSITY
—— REFHERE:
A ? | N ~ Startpoint: r3_w([10] (input port clocked by clk)
VI Endpoint: rl _res[31] (output port clocked by clk)

Path Group: clk
Path Type: max EES2Ah, MELHINTI T — T EFRKEHN 1D Winograd 8RB 87, HARE THEFLY
Ho ETE, MuISERITE TR, M — SR TmE,

=

5]

SLEHA TR

X
el

A Lab 1. 1D Winograd

Fanout Trans r 1. B FRE TEAES: BEEE
winograd_pipeline/dc/rpts/winograd_1d.timing.max.rpt 32{F, FTLAZER/slackm/]y
HEE (ZHEREslackt FHFIMN) , MALLBTEEXLERE, THIITRREMAT
£, Wok, RMEbECE N E AR — 4 (fli2ns), BEf#ATES, SEHNESAE
ETHFEES.

£55 2: EFRKEE 1D Winograd EFRiTE#ET

SRMES1PEAHAAME, 10 winogradFJ AT BIEHSZHETHITE, BEXSSHEAN

MR, PHESIMERFEMLRRETT, BLEES2F, HNKEIINRKLERERZ—H., R A S TR

data required time
SLIEEE data arrival time 2. iRt ARSI ER kR TES, BARENRERE RN T IRA R WIRkE
FiEeE, BEAUROSE T TERNER, MiRABKITHRE,

3. WIETHRERIRY e TERTINMLE, EEES2hNFES, WIRMTAGIRIT IHERIE S ERE N

523}
N mpma L. o . - v . 4. EERMR RIS ROMEE: £/ 2ns BEE SNSRI, EFTERS, HEERtAENNE
1. BIGSHASBEMIRIT: # winograd_comb/dec B%, BT make dc HITHE. X e . A . - - b een o
BEEEAREAES, BAERES. :ﬁzﬁiﬁslackﬂ‘\]zﬂ:, THAATFEMER ., Fi, RE]LEBRERAmENTEL, TH
- BREE HiEES, (FABIAI 20ns AR, BIURTF dc BRTH rpts B
®, MEEENLL.
- BIREE: B MARRR 4ns, FFNEIT make dc HITHRE. BEMRIER:
) . B slack ENAREHE, AERFTEERFLOR. ZESHE, r3_wliel — pes
_ gagjl]no:erjdc_f:m:;;;o/nsy:_ﬁtc_l/syn.tcl X, 3§ set CLK_PERIOD 20.0 r1_res(31] TENKBERBEET ns WEELE, FoA% 4ns SRS, SCIG RS
i - 2. BIN@KE: #A winograd_pipeline B, RERTHXMHEMS winograd comb B v ooz mpm mongspe  pzms:
- REXHE, BINST make dc HITHEA. FEM, RFETF src BFTH winograd_1d.v SFFRRBENTERALNADARE, ] .
_ N XERBEIFTES1PTRM input_transform.v . weight_transform.v . 1. ES RN RN SR E;
- EEFRWRE rpts BR, DUMEMLL, output_transform.v SHIE winograd_pipeline/src/ Eﬁ-F, FHE 2. SHES 2B S IR NS B RO (BN ERERESH)
BASHBHET: winograd 1d.v FREFMEXERIR, BEMEATRANUSE winograd 1d.v IHHETRE

= 3. {E552rhifk ettt 89S I RER S5 R ANE

check_error -verbose

4. ¥WEES HrES 2R SB IR (20ns) MR KEE IR (4ns) RRSER (BENFE. @R,

3. BAEIhEE: ¥ winograd_pipeline/run B, i&{T make rerun Z{ make all I S HERHLE) ;

EThEE, WRIRATIRITSES1PRYIRTTHREE—H.
5. (FIif) ES3MMAEBREREE, URNAREHNSED .
emory usage for this session 1107 Mbytes. 4, REHITTFE: #N winograd_pipeline/dc BR, BT make dc BTHRS, BEF
emory usage for this session including child processes 1407 Mbytes. s = O 40 s 3 ; [P r— .
CPU usage for this session 208 seconds ( ©0.06 hours ). AUJE, fRFEIME rpts BRTEEGSRS, BRXE winograd_ld. timing.max.rpt X

Elapsed time for this session 185 seconds ( @.03 hours ). #, WRMFLAREHAR. WNREZSER slack HIEE, RRRFOREEE.

4k, YREIBAZE winograd_1d.area.rpt X{EPEEBMIRRE,
winograd_1d.power. rpt 3{EREEINFERS, TRARSITHERAMINESR.
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O TU = y
a XAl n "
g il n Nvidia
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6ys ' kX

¢ \ »
N A 75 F

a ¢ b Thy
i™M NIiMO T ™AN4AT

AQQe & mov'Yml

Apl nv=é64rne e "QQect1 load/ 3 é savew

ATa AHAQo TInngi érnejipbAélUrnpygle e QQ

A “Yrh9 AT “Yh vy 2z ne movbi movwi movlt movgZ
AN D f ALU'HA

ATa AHAQo T nwu i é-w

A Yo “Yh 2 n = "HA € addlt orqt andbt subwl
Al " 'Yy

Anr 1/601 1 e cmpgt jmp1t jet jnet jlt jgecd
ADeaeY 1 e call retl
AV 1 "Ym
AET OSd THo > b T At @'Yrpe eg. intto access certain OS

capabilities, etc.)

<9>



H 1 ™ oX86 "

vy v CISCi ™

LR »
NELF TP

598 PEKING UNIVERSITY

Al Th wWHpe W Oav~T1iTmMm B

oo Operand
InstruF ton Opcode : ModR/M SIB Displacement Immediate :
Prefixes | | _______\__ _~___ || __ " _____\__ ______ -
Prefixes 1’201- | byte(lf | byte(lf Address Immediate data
1 byte each 3byti/required) require{A displacement
7 65 32 0 7 6 5 32 0
Mod [ Reg/Opcode R/M Scale Index Base

0ys ' Nk Xy

<10>



€

§X%X%2nNQ

erg’?’Q
“Yh ©y 2 n e mov[bwlq]Z

(Assume start address = A)

A Dsxz 1
Processor Register
63 7 0
Byte
movb leaves upper bits unaffected
63 15 0

63

movw leaves upper bits unaffected

31 0

0000 0000

Double Word

63

movl zeros the upper bits

Quad Word

movb

movw

movl

mov(q

Memory / RAM

7654

3210

fedc

ba9gs

7654

3210

fedc

ba98

7654

3210

fedc

ba9s

7654

3210

fedc

ba9sg

A+4

A+4

A+4

A+4

£ 7 )\ B A
e 7 J 4
I50% PEKING UNIVERSITY

Byte operations only
access the 1-byte at the
specified address

Word operations access
the 2-bytes starting at the
specified address

Word operations access
the 4-bytes starting at the
specified address

Word operations access
the 8-bytes starting at the
specified address

<11 >



—

X64/ET 16A 64bit] &+ 1 |

€

{ Moi Myy4a

[ Vv4a EmXtwvy© X868 MIPSIR A&

2

8- %=z | ény | HC e Eb i
8-byte register | Bytes 0-3 Bytes 0-1 Byte0
%rax %eax %ax #al
xrox %ecx Hex #cl
%rdx %edx #dx #dl
%rbx %ebx #bx #bl
%rsi %esi %si %sil
%rdi %edi %di %dil
%rsp %esp %sp %spl
%rbp %ebp #%bp %bpl
%ra #%rad %r8w %r8b
%rg %rad %row %rob
%rle %riled %rléw %rieb
%ril %rild %rllw %rllb
%ril2 %ri2d %rl2w %ri2b
%ril3 %ri3d %rl3w %ri3b
%rld %riad %rldw %rldb
#rils %risd %rl5w #rilsb

éeH BIHE ' @ NAm32-1 16-1

N A 75 F

PEKING UNIVERSITY

Name Form Example Description
Immediate $imm movl $-500,%rax R[rax] = imm.

Register ra movl %rdx,%rax R[rax] = R[rdx]

Direct imm movl 2@08,%rax R[rax] = M[2000]
Addressing

Indirect (r,) movl (%rdx),%rax R[rax] = M[R]r,]]
Addressing

Base w/ imm(r,) movl 40(%rdx),%rax R[rax] = M[R[rb]+40]

Displacement

Scaled Index

(Ppsrisst)

movl (%rdx,%rcx,4),%rax

Rlrax] = M[R[r,]+RI[r]"s]

Scaled Index w/
Displacement

imm(ry,r;,sT)

movl 88(%rdx,%rcx,2),%rax

Rlrax] = M[80 + R[r,]+R[r]*s]

tKnown as the scale factor and can be {1,2,4, or 8}
Imm = Constant, R[x] = Content of register x, M[addr] = Content of memory @ addr.
Purple values = effective address (EA) = Actual address used to get the operand >



ATHLEg" JKI BRI A

Both operands in this
example are using

Register Mode
Processor r,
Intruc mov(g :'__%r‘ax;g %rdx:
63 31 15 0

rax Iaaaa 0006 1234 SETSI

rbx (<15151%) EB@BE@BBB 0200

rcx 0000 HEBBEQBBB 0002

Initial val. of %rdx = FEFF FFEFFIFFFF FFFF
rdx 0000 0000 1234 5678

Memory / RAM
cc55 aa33 | ox00208
7654 3210 | 6x00204
fedc ba98 | 9x00200

N A 75 F

PEKING UNIVERSITY

<13>



i

o

—-

v

M1T€ 1| Nho Immediate Mode
" nm Al RO A
A" Mqg' q mAs wiH mmi He 1 3
Source is immediate
mode, Destination is
Processor Kie(gfster mode
Intruc mowut‘:_ $5,:tf'%dx"-
'h-:' a ™
63 31 15 0

rax (5151515 989851234 5678

rbx (5]5151%) BBGB;BBB@ 0200

rcx (5151515 BBBBEBBB@ 0002

Initial val. of %rdx =

rdx

FEFE FEFEIFFEF FEFF

FEFF FFFF FFFF 0005

oa'l

Memory / RAM
cc55 aa33 | Oxe8288
7654 3210 | 9x00204
fedc ba98 | 6x00200

s PEKING UNIVERSITY

<14 >



N A 75 F

PEKING UNIVERSITY

i v M1i€ 1 o Direct Addressing Mode

AT Ho, 0l AUnHA"EYHr vy W

AryHmyizy = 6a

Source is using Direct

Addressing mode
Pmcessorf.v
e M / RAM
Intruc movb i, 8x20a; %dl emory
g . al
63 8l..... 1 R » cc55 aa33 | BxPe208
rax 9080 000 1234 5678 ?653:1- 3210 | 9x60204
rbx | 0000 000 BP0 9200 e )| 9x00260
rcx PPEe PEBD PBPE B2
Initial val. of %rdx = ffff ffff ffff ffff :
rdx FFFF FFFF FFFF FF55 ([@sfrrmmmmmmmmmmmmnmnnnnmnnns :

6ys * NkXy D



. . . 2> 5
M 17 € 1 o Indirect Addressing Mode e 7 K
PEKING UNIVERSITY
JKRO; 0l AnEYypAY YT QT \
1 E:"Y
Ag™HM = O My“+ 4
Source is using Indirect
Addressing mode
Processor r-v
Intruc mov 1 g%rbx)‘j s%edx Memory / RAM
ke
63 31 15 0 cc55 aa33 | 0x00208
rax 0000 0000:1234 5678 7654 3210 | 0x00204
k4
rbx EA- 0000 0000 0000 0200 frrsherssess greseespeeep) fedc bad8 | 0x00200
rcx 00RO 0PEO 0000 0002

FFEF FEFF FREF FFFF :
00600 9000 fedc ba98 |Ers-r=rrsrrssrrsssssssrscsssssrasass

Initial val. of %rdx =

rdx

<16 >



i
Addressing Mode

M1T €

A v d(%reg) YT Hy v

AALEgoel kw ewyPu1Ql
Gy

AT \

Source is using Base with
Processor K.. Displacement Addressing mode

[ho Base/Indirect with Displacement

H 0 |

> \) 3.; Z jg
f . \
2%/ PEKING UNIVERSITY

Memory / RAM

v

cc55 aa33 | 9x0e208
—

7654 3210 | 0x00204

0x80208

fedc baos

Intruc movw -.‘:f!'(%r'b;):_'; %dx
¥ _'_.___ ) s
63 31 15 0
rbx 0000 aaee'ae@a 0200 it £ 8
EA= 0000 0208
rcx P0BO 0OPO 0PPO 02
Initial val. of %rdx = S T e o e o e A
r-dx -F-F-F-F -F-F-F-F -F-F-F-F aa33 .‘..---.-.--.-.----.----.----r---...--.-.----.----.u--.:.

<17 >



i v,

A K W

M17€ 1 o Base/lndirect with Displacement
Addressing Mode

Base/Indirect with Displacement Addressing H ' A&
* Useful for access members of a struct or object
struct mystruct { rbx
?“: X5 (1) eoee 0oee ooee 6200 Memory / RAM
}.m 7 (3 o000 0000:oo00 0208
struct mystruct data[3]; @ p000 BBBBEB@BB 92106 data[2].y | 6666 6002 | 0x00214
int main() B data[2].x | 6606 6001 | ©x00210
}n main( +eeea ezai datal1].y | 0ee0 @ee2 | exoe20c
for(i=0; i<3; i++){ (@ EA- ooee 0204 data[1].x | 9600 0001 | Ox00208
gz:z&%: : ; : data[0].y | ©@@e 0002 | 0x00204
} data[0].x | ©eee 0001 | 9x00200
) C Code N\ >
movq $0x0200, %rbx
Loop 3 times {
DE@ mov1 $1, (%rbx)
@ movl $2, 4(%rbx)
dd 8, %rb
Assembly |, addq  $8, rbx

L »
NELFE®]

PEKING UNIVERSITY

<18 >



i ", M1i€ 1 o Scaled Index Addressing Mode NEEES

PEKING UNIVERSITY

Ay v —& o Form: (%regl,%reg2,s) [s =1, 2, 4, or §]

A v %regl+%reg2*s | FGH 01 AnEYEAYT Q1 v

Source is using Scaled Index
Processor ry Addressing mode

--------------------- . Memory / RAM
Intruc movln:ﬁ_ér'bx,%r‘cx,tl_);: %edx deeesnnasasnenn, y
' : ¥
63 31 15 0 :| | cc55 aa33 | 0x00208
rax 0000 0000:1234 5678 o000 o200 | : 7654:3210 | 0x00204
2 2 : -
s> +0000 0008 | : fedc :ba98 | 0x00200
rbx 0000 0000 0000 0200 == : : :
: EA= 0000 02087 :
rcx 0000 0000 0000 0002 --
nitial val. of %rdx = ffff ffff ffff ffff
r\dx 6@9@ @999 cc55 aa33 SR R R T R R .

0ys * NkXy <19



M 1i€ 1 Mo Scaled Index Addressing Mode

Scaled Index Addressing Mode

H A

* Useful for accessing array elements

rbx

int data[6];

0000 0000 0000 0200

rcx

int main()
{
for(int i=0; i<6; i++){
data[i] = i;
// *(startAddr+4*i) = i;
}
; C Code

Array of:

* chars/bytes => Use s=1

* shorts/words => Use s=2
ints/floats/dwords => Use s=4

* long longs/doubles/qwords => Use S=8J

M /| RAM
(1) | o0ee 0000 0000 0000 omory
(2 odoo 0000:0000 0001
@ eéee 999959@99 0002 data[5] 0000 0BS5S 0x00214
: data[4] | 0900 0004 | 0x00210
N data[3] | 9900 0003 | 0x0020c
i 0000 0200
@ T 0 o data[2] | @000 0002 | 0x00208
EA- 0000 0200 : data[1] | 0900 0001 | ©x00204
2 +9999 9292 “% data[0] | 0900 0000 | Ox00200
EA= 0000 Q204
mov( $0x0200, %rbx
mov1 $0, %rcx
Loop 6 times {
movl %rcx, (%rbx,%rcx,4)
addl $1, %rcx
2 ’ Assembly

ez XY

PEKING UNIVERSITY

<20 >



o

i uo M 1T e o Scaled Index w/ Displacement NPT,
: A A A
Addressing Mode Y/ Pk UNvERSITY
A R Scalev Displacement o vy = d(%regl,%reg2,s) [s=1, 2, 4, or §]
A v d+%regl+%reg2*s | FRH 01 AnEV AT Q71 \
Source is using Scaled Index w/
Processor K. Displacement Addressing mode
"""""""""""""" Memory / RAM
Intruc movb? .3.§?-é_r‘bx %r‘cg(___é_l 5 %dl |,
v
63 ?1 15 0 cc55 aa33 | 0x00208
rax 0000 0000:1234 5678 0000 0200 7654 3210 | 0x00204
A 4 3 = .
rbx 0000 0000 0000 0200  farss §'"E':_+eeee oopg | il | fedc bass | 6x00200
i 0000 020b :
rcx 0000 0000 0000 0002  (»(D)
Initial val. of %rdx = ffff Ffff FFFf FFFF
r.dx .F.F.F.F .F.F.F.F .F-F.F-F .F.Fcc g esssnnnnnnsnannananannnnnnnnnfmannnnnn
<21>



i ™ v M1i€ 1 o AddressingMode ' A
At

Z AH Ar v Addressing Mode suW\ &

Processor Registers

0000 000D 0CVO 0200

0000 00O 00VO 0003

— movqg (%rbx), %rax

— movl -4(%rbx), %eax

— movb (%rbx,%rcx), %al

— movw (%rbx,%rcx,2), %ax

— movsbl -16(%rbx,%rcx,4), %eax

— movw %CcX, 0xed(%rbx,%rcx,2)

rbx

rcx

Memory / RAM

cdef 89ab

7654 3210

foed face

dead beef

cdef 89ab 7654 3210

0000 0000 feed face

0000 0000 feed fa76

0000 0000 foed cdef

0000 Qe ffff ffce

00600 0000

0603 0000

CUNI »
EN) e 7. ¥

PEKING UNIVERSITY

0x00204
0x00200
Ox001fc
Ox001f8

rax

rax

rax

rax

rax

0x002e8
Ox002e4

<22 >



Trb 1

M 21T

A,

v ALU'Yg & H

N1 ™

YY1
C operator Assembly Notes
+ add[b,w,1,q] srcl,src2/dst src2/dst += srcl
sub[b,w,1,q] srcl,src2/dst src2/dst -= srcl
& and[b,w,1,g] srci,src2/dst src2/dst &= srcl
| or[b,w,1,q] srcl,src2/dst src2/dst |= srcil
A xor[b,w,1,q] srcl,src2/dst src2/dst ~= srcl
~ not[b,w,1,q] src/dst src/dst = ~src/dst
neg[b,w,1,q] src/dst src/dst = (~src/dst) + 1
++ inc[b,w,1,q] src/dst src/dst += 1
— dec[b,w,1,q] src/dst src/dst -= 1
* (signed) imul[b,w,1,q] srcl,src2/dst src2/dst *= srcl
<< (signed) sal cnt, src/dst src/dst = src/dst << cnt
<< (unsigned) shl c¢nt, src/dst src/dst = src/dst << cnt
>> (signed) sar cnt, src/dst src/dst = src/dst >> cnt
>> (unsigned) shr cnt, src/dst src/dst = src/dst >> cnt

==, -:'.'_' }’ {:_ }:' !:
(src2 ? src1)

cmp[b,w,1,q] srcl, src2
test[b,w,1,q] srcl, src2

cmp performs: src2 —src
test performs: src1 & src2

NIp
LD
S A
S &
”T

1598

ezt ¥
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i™ " M2i NI Tb

A, v ALUYg & H NY T

Memory / RAM
7654 3210

ofef oo

Initial Conditions

2 \ Processor Registers | ffff ffff 1234 5678 |

|6869 0BBe cc33 aabs

EY B — addl $0x12300, %eax | 0e00 0080 cc34 cdss |
— addq %rdx, %rax | £FFF FFFF de69 23cd |
* Format P——

____________ Pl SRS G A SO | — andw 0x200, %ax |fﬁffﬁfd%92me|
— add[b,w,1,q] src2, srcl/dstt=m""""=mmmmm=- ’ | |
------------ — FFEF FFFF de69 230f

— Example 1: addq %rbx, %rax (%rax += %rbx) orb ©0x203, %al ¢

0,

— Example 2: subq %rbx, %rax (%rax -= %rbx) — subw $14, %ax | £FFF FFFF de69 2301 |
— addl $0x12345, 0x204 7655 5555
ofef ffeo

0x00204
©x00200

rdx
rax
rax
rax
rax
rax
rax

0x00204
0x00200

<24 >
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NT ™y R€

s

T & kHIY

NTi ToH * A&

// data = %edi fi:
// val = %esi
// 1 = %edx mov1l (%esi), %eax
int fi1(int data[], int* val, int i) addl (%edi,%edx,4), %eax
{
int sum = *val;
sum += data[i];
return sum; ret
}
Original Code Compiler Output
struct Data { f1:
char c;
int d; addb $1, (%edi)
}s subl %esi, 4(%edi)
// ptr = %edi
// x = %esi ret

int fi(struct Data* ptr, int x)
{

ptr->c++;
ptr->d -= x;

}

Original Code

Compiler Output

NIp
LD
S A
~ e
)’T

1598

ezt ¥

PEKING UNIVERSITY
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v~ if case H B myz for while” & B

Nhpaod® "H dvugk g?

If(condition O)
XXXXX
XXXXX
XXXXX
XXXXX

else
XXXXX
XXXXX

while(condition 1)
XXXXX
XXXXX
XXXXX
XXXXX

0ys ' Nk Xy

Address Instruction
004937F7 MOV EAX, 200
004937FC MOV EDX, 50
00493801 ADD EAX,67F0
00493806 MOV ECX,490AB3

0049380B JMP 00497000

;Pretend there is a lot of code inbetween here.

00497000 DEC EDX

Jump to address 497000

00497001 MOV DWORD [49E6CC],EDX \Lthen continue the code.

00497007 MOV EAX,EDX

< 26>
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Ag=d e YR

i ™ o RISC-V

bel M Mv

31:25 24:20 19:15 14:12 11:7 6:0
funct? rs2 | rs1 |funct3 rd op
IMMy 4 rs1 |funct3 rd op
IMmmy 45 rs2 | rs1 |funct3 | immyg op
IMMy2.105 rs2 | rs1 |funct3 |immy-4 44| OP
IMMs34-12 rd op
imm20,1n:1,11,19:12 rd op
fs3 |funct2| fs2 | fs1 |funct3 fd op

5bits 2 bits 5bits 5bits 3 bits 5 bits 7 bits

R-Type
I-Type

S-Type
B-Type
U-Type
J-Type

R4-Type

Figure B.1 RISC-V 32-bit instruction formats

vy Y RISCI

mm;
uimm:
upimm:
Address:

[Address]:

BTA:

JTA:
label:
SignExt:
lerokxt:
csr:

e s Y

PEKING UNIVERSITY

signed immediate in immy 9

5-bit unsigned immediate in immy,,

20 upper bits of a 32-bit immediate, in imms;.;,
memory address: rs1 + SignExt(imm;; )

data at memory location Address

branch target address: PC + SignExt({imm,.;, 1'b0})
jump target address: PC + SignExt({imms.1, 1'b0})
text indicating instruction address

value sign-extended to 32 bits

value zero-extended to 32 bits

control and status register

< 28>



H 1 Th o MIPS '

~

Al ™ wWhHeal Mcac~T1 P

A3 CPU e a328]

A 1-type (Instruction)
A Jtype (Jump)
A R-type (Register)
KOpcode
A 6-bit operation code
A There are 3 different register
specifiers:
A RD - 5-bit destination register

A RS - 5-bit source register
A RT - 5-bit target register

0ys ' Nk Xy

Ly * RISCI ™

G »
NECE R

PEKING UNIVERSITY

opcode rs rt rd shamt funct

31 26 25 21 20 16 15 11 10 6 5 0

opcode rs rt immediate

31 26 25 21 20 16 15 0

opcode address

31 26 25 0
<29 >
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ASISD SIMD MISD MIMD " YR

instructions

DATA
Single \ STREAM /| Multiple
Single Instruction | Single Instruction
Single Single Data Multiple Data
SISD SIMD
INSTRUCTION
S5TREAM
Multiple Instruction | Multiple Instruction
_ Single Data Multiple Data
Multiple MISD MIMD
O0ys ' kXY

M o GPU! CUDAI

CUDA"Yr,

problem

OBIP 1€

~ i 1|
~ i 1|
~ i 1|
~ i 1|

)

<] ,

| =
{592

instructions

Compute Unified Device Architecture

Parallel Thread Execution

y) b % X

PEKING UNIVERSITY
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H i T o GPU" CUDAI

CUNI »
EN) e 7. ¥

APTXu SASS
CUDAC/ICH+2 A @ =~ NVCBa Hi & PTX
SASST ACD @YhE1 &Ta Y SASE +
@ D 8 TYmm 1| A ®ISMv /bE  GPUWBISMy
g S § Compute Unified Device Architecture o N J
nvcc\ll ] MZwoer 1 | 1 OBJ;
i PTX B Parallel Thread Execution

K SASS™ 7 B NT i PO T A
Y ¥3 1| ki’ CUDA C/C++SAS&

SASYm, /BGPWEISM _ ®" 1 MZrJ1  f{ T°

HG 6] Wow

0ys ' JkXy <31>


https://zhida.zhihu.com/search?content_id=124049964&content_type=Article&match_order=1&q=SM%E6%9E%B6%E6%9E%84&zhida_source=entity
https://zhida.zhihu.com/search?content_id=124049964&content_type=Article&match_order=1&q=SM%E6%9E%B6%E6%9E%84&zhida_source=entity
https://zhida.zhihu.com/search?content_id=124049964&content_type=Article&match_order=1&q=NVCC&zhida_source=entity

H 1 b o GPU" CUDAI

APTXu SASS

mov.u32
add.u32
add.u32
add.u32
mov.u32

PTX SASS

%rl, %clock; S2UR R356
$rll, 6, %xr7; DEPBAR.LE

A -

9r13, %rl2, %rl;

Sr2 %clock : IADD3 R14 R14 R35 R23
! . CS2R.32 R322

mov.u64
add.u32
add.u32
add.u32
mov.u64

PTX SASS
$rd50, %clocké4d; CS2R R128
$rll, 6, %r7; IADD3 R14 R1915 R231

$rl2, $r5, 7; ﬁIADDB R141 R123 R335
%r13, %rl2, %ril; IADD3 R32 R146 R123 R231

$rd51, %clock64; CS2R R133

Mapping of PTX to SASS

k\\l,,@ »
EN e 7 ) ¥

PEKING UNIVERSITY
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i M o GPU" CUDAI b

APTXu SASS

PTX SASS | cycles PTX SASS cycles
Add / sub instruction Min/Max instructions
add.ul6 UIADD3 2 Min.ul6 ULOP3.LUT+UISETPLT U32. AND+USEL 8
addc.u32 [ADD3.X 2 min.u32 IMNMX.U32 2
add.u32 IADD 2 min.ub4 UISETPLT.U32. AND+2*USEL 8
add.u64 UIADD3 .x+ UIADD3 4 min.sl6 PRMT+IMNMX 4
add.s64 UIADD3 x+UIADD3 e min.s32 IMNMX 2
add.f16 HADD 2 Min.s64 UISETP.LT.U32. AND+UISETPLT.AND.EX+2*USEL 8
add.f32 FADD 2 min.f16 HMNMX2+PRMT -+
add.f64 DADD 4 min.f32 FMNMX 2
Mul instruction min.f364 DSETEMIN. AND+IMAD MOV.U32+UMOV+FSEL 10
mul.wide.ul6 LOP3.LUT+IMAD 4 Neg instruction
mul.wide.u32 IMAD 4 neg.s16 UIADD3+UPRMT 5
mul.lo.ulé LOP3.LUT+IMAD B neg.s32 IADD3 2
mul.lo.u32 IMAD 2 neg.s64 IMAD MOV.U324HFMA2 MMA+MOV+UIADD3 10
mul.lo.u64 IMAD 2 neg.f32 FADD or IMAD MOV.U32 # 2
mul24.lo.u32 PRMT + IMAD 3 neg.fo4 DADD+(UMOV) 4
mul24 hi.u32 UPRMT+USHER . U32 HI+IMAD.U324PRMT 9 FMA instruction
mul.rn.f16 HMUL2 2 fma.rm.f16 HFMAZ2 2
mul.rn.f32 FMUL 2 fma.m.f32 FEMA 2
mul.rn.f64 DMUL 4 fma.rn.f64 DFMA 4
MAD Instruction Sqrt Instruction
mad.lo.ulé LOP3.LUT+IMAD 4 sqre.rm.f32 [multiple instrs including MUFU.R5Q] 190-235
mad.lo.u32 FFMA 2 sqrt.approx.fi2 [multiple instrs including MUFU.SQRT] 2-18
mad.lo.u64 IMAD 2 sqrt.mn.fo4 [multiple insts including MUFU.RSQ64] 260-340
mad24.1o.u32 SGXT.U32 + IMAD 4 Rsqrt Instruction
mad24 hi.u32 USHER.U32 HI+UIMAD WIDE. U324 2*UPRMT+IADD3 11 rsgrt.approx.f32 [multiple insts including MUFU.RSQ] 2-18
mad.rn.f32 FFMA 2 rsqrt.approx.f64 MUFU.RSQ64H 8-11
mad.m.f64 DFMA -+ Rep Instruction
Sad Instruction rep.rn.f32 [multiple insts including MUEU.RCP] 198
sad.ulé/sle (2*LOP3) +ULOP3+ VABSDIFF 6 rep.approx.f32 [multiple insts including MUFU.RCP] 23
sad.u32/s32 VABSDIFF +IMAD (1 IMAD + 1 Umov for 3 instrs) 3 rep.rn.fo4 [multiple insts including MUFU.RCP64H] 244
sad.ub4/s64 UISETP.GE.U32. AND+UIADD+IADD 10 ex2.approx.f32 FSTEP + FMUL + MUFU.EX2 + FMUL 14

<33>
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APTXu SASS

1

Div / Rem Instruction

Pop Instruction

rem/div.ul6/s16 multiple instructions 290 pope.b32S POPC [
rem/div.s32/u32 multiple instructions 66 popc.b64 2#UPOPC + UIADD3 7
rem/div.ub4/s64 multiple instructions 420 Clz Instruction
div.rn.f32 multiple instructions 525 clz.b32 FLO.U32 + IADD 7
div.rmn.f64 multiple instructions 426 clz.bbd UISETP.NE.U32. AND+USEL+UFLO.U32+2*UIADD3 13
Abs Instruction Bfind Instruction
abs.s16 PRMT+IABS+PRMT 4 bfind.u32 FLO.U32 6
abs.s32 IABS 2 bfind.u64 FLO.U32+ISETP.NE.U32. AND+IADD3+BRA 164
abs.s64 UISETP.LT. AND+UIADD3 X +UIADD3+2*USEL 11 bfind.s32 FLO i
abs.f16 PRMT 1 bfind.s64 multiple instructions 195
abs ftz.f32 FADD.FTZ 2 testp Instruction
abs.f64 DADD or (DADD+UMOV) 4 testp.normal.f32 IMADMOV.U32+2*ISETP.GE.U32.AND 0 or 6
Brev Instruction testp.subnor.f32 ISETPLT.U32.AND 0or6
brev.b32 BREV + SGXT.U32 2 testp.normal.f64 2*¥UISETP.LE U32 AND+2*UISETP.GE.U32. AND 13
brev.b64 2¥*UBREV+MOV 6 testp.subnor.f64 UISETP.LT.U32. AND+2*UISETP.GE.U32 AND.EX 8
copysign Instruction Other Instruction
copysign.f32 2*LOP3.LUT or 1L.5*LOP3.LUT 4 sin.approx.f32 FMUL + MUFU.SIN 8
copysign.fo4 2*ULOP3.LUT+IMAD. U32+*MOV 6 cos.approx.f32 FMUL.RZ+MUFU.COS 8
and/or/xor Instruction lg2.approx.f32 FSETP.GEU.AND+FMUL+MUFU.LG2+FADD 18
and.bl6 LOP3.LUT or 1.5*LOP3.LUT 2 ex2.approx.f32 FSETP.GEU. AND+2*FMUL+MUFU.EX2 18
and.b32 LOP3.LUT 2 ex2.approx.fl6 MUFU.EX2.F16 6
and.b64 ULOP3.LUT 2-3 tanh.approx.f32 MUFU. TANH 6
Not Instruction tanh.approx.f16 MUFU.TANH.F16 [
not.blé LOP3.LUT 2 bar.warp.sync: NOP changes
not.b32 LOP3.LUT 2 fns.b32 multiple instructions 79
not.b64 2*ULOP3LUT 4 everzis32.432 F2LTRUNC.NTZ 6
lop3 Instruction setp.ne.s32 ISETPNE.AND 10
lop3.b32 IMAD.MOV.U32+LOP3.LUT 4 mov.u32 clock CS2R.32 2
cnot Instruction Bfi Instruction
cnot.b16 ULOP3.LUT+ISETP.EQ.U32. AND+SEL 5 bfi.b32 3*PRMT+2*IMAD MOV+SHEL U32+BMSK+LOP3.LUT 11
cnot.b32 UISETP.EQ.U32. AND+USEL 4 bfi.b64 UMOV+USHEL.U32+(UIADD3+ULOP3.LUT)* 5
cnot.b64 multiple instructions 11 dp4a.u32/s32 Instruction
bfe Instruction dp4a.u32.u32 IMAD.MOV.U32+IDP.4A . U8.U8 135-170
bfe.s32/.u32 3*PRMT+2*IMAD MOV+SHFER.U32 HI+SGXT/.U32 11 dp2a.u32/s32 Instruction
. bfe.u64 UMOV+USHEL.U32+(UIADD3+ULOP3.LUT)* 5 dp2a.lo.u32.u32 IMADMOV.U32+IDP2ALO.U16.US 135-170
0 y 5 1 }] k X Y bfe.s64 multiple instructions 14

) e 7. ¥
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M ok Wa[ DM &

Al DM &

0y

'tk Xy

b 'HE -"Y da eui g @®a’Y instruction/cycle

| add |

|nor|

icroprocessor

fetch decode ALU mem writeback

(w1 O O OOO%

3

noop

add

A

e CPIf

nor

add

S N »
NPT TS
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AS5N [ DM o Fetch Decode Execute Memory  Writeback
Fetch Decode Execute Memory
M
u
X
1 +
5 B
-1 PC :::n Refgiils:er f
- M u Data
U memory
:Signextendl' X

0ys ' Nk Xy

G UL »
ANELF TR
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Writeback

=%/

0-2

|15-—:I.B
h

= =

18
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SN[ DMuH

i)

add
nor

add
SW

yis

Smhi 1 TN 5N [ DM s

1 2 3
4 5 6
2 4 20
2 5 5
3 7 10
Nk Xy

; reg3=regl+reg2

; regb=regdnorregb
; reg 4= Mem[reg2+20]
; regS>=reg2+regs

; Mem[reg3+10] =reg 7

o=

PC

Inst
mem

il »
PIF TS

PEKING UNIVERSITY

target
PC+1 PC+1 ]
roj O "
aq:
- | resa]l M =] AL L S
= R2 It
2 | vala X — |u
1 5 I i ALU X
g' = L result mdata
=] _E RS valB M U Data
o R6
]
o R7 X memary data
offset dest
valB
Bits 0-2 — — —
Bits 16-18 37 dest dest dest
Bits 22-24
op op op
IF/ID ID/EX EX/Mem Mem/WB
<39 >



il »
)de 7 ) F

PEKING UNIVERSITY

SN[ DMuH &

A8 Smi 1 M 5N [ DM s

M
u
x
1 0
= u u — P
add 1 2 3 ;reg3=regl+reg2 ol O
nor 4 5 ; rego=regdnorreg5 r1| 36 0 0
Iw 2 4 20 ; regd= Mem[reg2+20] = - I:'
add 2 5 5 ;regS=reg2+regb — pc Inst | § - . P2 A X
s || =-»l= |18 j - 0 0
SW 3 7 10 ; Mem[reg3+10] =reg7 R 5 sl 7 — E—
=l 0 I 1im U Data
a0 R6 41 U memory
&= grl22  — X data
N ' dest
0
Bits 0-2
Bits 16-18 ?' 0 0 0
Bits 22-24
oo oo oo
IF/ID ID/EX EX/Mem Mem/WB
Ll f 7\
Oys ' JJk XY D OXtO <40 >



SN[ DMuH &

i)

add
nor

add
SW

Smhi 1 TN 5N [ DM s

12 3
4 5 6
2 4 20
2 5 5
3 7 10
Nk Xy

; reg3=regl+reg2

; regb=regdnorregb
; reg 4= Mem[reg2+20]
; regS>=reg2+regs

; Mem[reg3+10] =reg 7

-1 PC Inst
add123

NELF TR

PEKING UNIVERSITY

add 1 2 3
nor :,I j 2’]
L ] . - 2 -1
Time1l-Fetch:add 123 w3 &2
sw 3 7 10
0
1 0
rof O
r1| 36 0
w 0
o r2] 9
— raf 12 0 A
= F o
o || =PIE MRS L 0 0
- -’E o 0 M u Data
o rel4l U memaory
&= gy 22 X data
0 dest
0
Bits 0-2
Bits 16-18 |V 0 0 0
Bits 22-24
00 00 oop)
IFfID IDfEX E){fwlem Mem{WB
<41 >
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add
nor

add
SW

Smhi 1 TN 5N [ DM s

20

(TSI N T N T S,
S T, BN S T, B

10

; reg3=regl+reg2

; regb=regdnorregb
; reg 4= Mem[reg2+20]
; regS>=reg2+regs

; Mem[reg3+10] =reg 7

NELF TR

PEKING UNIVERSITY

nor 4 5
Time 2 - Fetch: nor456 w3 220
sw_ 3 7 10
M
u
X
+ o I-
2 1
roj O
' rR1|36 0
= r2] 9 v 0
S 2 r3j12 -
— pc nst H & H w A
mem || ¥ =pic MAE j L 0 0
< -’E L 9 M U Data
o reldl U / memory
e gy 22 X data
3 dest
0
Bits 0-2
Bits 16-18 37 3 0 0
Bits 22-24
add oo oop
IF/ID ID/EX EX/Mem Mem/WB
nor456 add 123
<42 >
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i)

add
nor

add
SW

Smhi 1 TN 5N [ DM s

1 2 3 ;reg3=regl+reg2

4 5 ; rego=regdnorreg5
2 4 20 ; regd= Memreg2+20]
2 5 5 ;regS=reg2+reg5

3 7 10 ; Mem[reg3+10] =reg7
Nk Xy

il »
PIF TS
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add 1 2 3
nor :,I 5 E’
Time 3 - Fetch: lw 2 4 20 w3 320
sw 3 7 10
M
u
X
3
1 2 B
2 2
rof O
A r1] 36 0
s e rz] 9 36 0
inst H 5] o 12 18
= & | plE =18 45 B
mem N 5 asl 7 5
S 1| =pls 7 M Data
B0 R6 41 U memory
= grif22 X data
6 dest
9
Bits 0-2
3
Bits 16-18 B 6 3 0
Bits 22-24
nor add oo
IFfID IDfEX E}{IMem MemeB
lw 2420 nor456 add123
<43 >
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add 1 Z 3
nor -1l S 2:
Time 4 - Fetch:add 255 w3 220
sw 3 7 10
M
u
X
3
> 8
add 1 2 3 ;reg3=regl+reg2 a 3
nor 4 5 ; rego=regdnorreg5 rof O -
lw 2 4 20 ; regd= Memreg2+20] 2 2 :i 395 15 a5
add 2 5 5 ;regS=reg2+reg5 st = s T 9
-1 PC nst | N H 3
SW 3 7 10 ; Mem[reg3+10] =reg7 mem || & || =PIE ™22 ; =24 |15 0
O | N ey 18 M Data
o Re 41 u memory
e grf22 X data
20 dest
7
Bits 0-2 3
Bits 16-18 ?:' 4 2 6 3
Bits 22-24
Iw nor add
IF/ID ID/EX EX/Mem Mem/WB
add 255 lw 2420 nhor456 add123

0ys ' NkXy s



SN[ DMuH &

i)

add
nor

add
SW

Smhi 1 TN 5N [ DM s

12 3
4 5 6
2 4 20
2 5 5
3 7 10
Nk Xy

; reg3=regl+reg2

; regb=regdnorregb
; reg 4= Mem[reg2+20]
; regS>=reg2+regs

; Mem[reg3+10] =reg 7

NELF TR
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nor 4 5 0
Time 5 - Fetch:sw3 710 w3 2020
sw 3 7 10
M
u
X
20
3 + 23
5 4
rofj O
5 r1]36 0 45
2 c rz] 9 9 -24
9
=1 PC Inst “H o Rs-
~ -p|= r]18 29 0
mem - E - ?
o il 7 M Data
& R6 41 U memory
= grf22 20l x data
5 dest
18
Bits 0-2 3
Bits 16-18 3 5 1 4 (5]
Bits 22-24
add Iw nor
IF/1D ID/EX EX/Mem Mem/WB
sw3710 add 255 w2420 nord 56 add
<45 >
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nor 4 5 6
Time 6 — no more instructions w3 2
sw_ 3 7 10
M
u
X
5
add 1 2 3 ;reg3=regl+reg2 a + A
nor 4 5 ; rego=regdnorreg5 - >
lw 2 4 20 ; regd= Mem[reg2+20] .| =|z8 0 2
add 2 5 5 ;regS5=reg2+reg5 1 LS = & 2
45
SW 3 7 10 ; Mem[reg3+10] =reg7 -1 pc Inst | ' v "
mem -P"'E Rel18 7 16 I35 99
e 22 M Data
@ RSH U memory
= grf22 X data
10 dest
7
Bits 0-2 a 6
Bits 16-18 Eﬁ 7 B2 5 4
Bits 22-24
sW add lw
IF/ID ID/EX EX/Mem Mem/WB
sw3710 add 255 lw 2420 nor
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A8 Smi 1 M 5N [ DM s

hor 405 b
Time 7 — no more instructions w3 2020
sw_ 3 7 10
M
w
X
add 1 2 3 ;reg3=regl+reg?2 B
nor 4 5 ; regb6=regdnorreg5 ~To
Iw 2 4 20 ; regd= Mem[reg2+20] 36 0
add 2 5 5 ;regS=reg2+reg5 Rzl 9 45 =L
R 45
SW 3 7 10 ; Mem[reg3+10] =reg7 - pc Inst - k- 99
mem -P.E ::! 55 16 0
=1 5 M Data
g Re 24 U memory
e grl22 10| x data
dest
22
Bits 0-2 5 a
Bits 16-18 \:-" Z 7 5
Bits 22-24
sw add
IF/ID ID/EX EX/Mem Mem/WB
sw3710 add 255 Ilw

6ys * JJk Xy <47 >
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add 1 L 5
L] L] L] ]l{:?lh 1 5 f‘;
Time 8 — no more instructions w3 220
sw 3 7 10
M
u
X
+
add 1 2 3 ;reg3=regl+reg2
nor 4 5 ; rego=regdnorreg5 rol O
Iw 2 4 20 ; regd= Mem[reg2+20] r1)36 - 16
add 2 5 5 ;regS=reg2+regb ::5
. - -1 PC Inst P 1 [
SW 3 7 10 ; Mem[reg3+10] =reg 7 o _PE ra| 99 = - 0
=Pz F*5- M Data
a0 R6 -24 U memory
e grl22 X data
22 dest
Bits0-2 Py 5
Bits 16-18 | U 7
Bits 22-24
sw
IF/ID ID/EX EX/Mem Mem/WB
sw3710 add
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A8 Smi 1 M 5N [ DM s

Time 9 — no more instructions

M
u
X
add 1 2 3 ;reg3=regl+reg2 |>/+
nor 4 5 ; regb6=regdnorreg5 zo] 0
lw 2 4 20 ; regd= Memreg2+20] al36
add 2 5 5 ;regS=reg2+regb i
r2] 45
SW 3 7 10 ; Mem[reg3+10] =reg7 — pPc Inst | 1 N
mem E RS 16 Dat
=] 5 M s
B0 R6 -24 U memory
e rrl22 X data
dest
Bitsﬂ-z Y
Bits 16-18 | u
Bits 22-24
IF/ID ID/EX EX/Mem Mem/WB
sSW
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i)

Smhi 1 TN 5N [ DM s

Time: 1 2 3 4 5 6 7 8 9
add | fetch | decode |execute |memory |writeback
add 1 2 3 ;reg3=regl+reg2
nor 4 5 6 ;regb=regdnorreg5
Iw 2 4 20 ; regd= Mem[reg2+20] nor fetch | decode | execute fmemory |writeback
add 2 5 5 ;regS=reg2+regb
sw 3 7 10 ; Mem[reg3+10] =reg7 lw fetch | decode |execute |memory Jwriteback
add fetch | decode | execute [memory |writeback
W fetch decode | execute [memory |writeback
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A Data hazards : since register reads occur in stage 2 and register writes occur in stage 5

It is possible to read the wrong value if it is about to be written.

A Control hazards : A branch instruction may change the PC, but not until stage 4. What

do we fetch before that?

A Exceptions: Sometimes we need to pause execution, switch to another task (maybe the
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o Read After Write A0

Recall: registers a d d

are read fsourced
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In the “decode” stage nor g Q
RAW Dependency

time
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add fetch decode execute memory writeback
«—  Hazard
nor fetch decode execute memory writeback

If not careful, nor will read a stale value of register 3
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Time: 1 2 3 4 H b 7 8 g9 10 1 12 13
add1?2 IF ID EX. ME WB
1. add123 \
5 nor 3 ?5 nor 3 4 IF ID EX \ME WB
3. add 6
4. 36 10 add6 37 IF 1D EX ME WB
5. SW {2 12
w3610 IF ID EX ME . WB
swb212 F ID* 1D EX ME WB

| n | x Detectand Forward
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A Detect and Forward

add12 3 //r3=r1+1r2
nand 345 //r5=r3 NAND r4
add 637 [[r7=r3+716
w 3610 //r6 = MEM[r3+10]

swb6212 /I MEM[r6+12]=r2

0ys ' Nk Xy

yis

HPC

e

ONIELE B

PEKING UNIVERSITY

Inst i

mem

Cycle 3 &4
pa
2 1
Hazard ro| 0
Rr1| 14
o] i %
e Im—1 =3/ 10 14 u
L] 2 A X
w = Re| 11 L |
= N 8 rs|77
A data/-a re| 1 7 M U Data
—"10 U memory
~ r7| 8 X
add
1K/ 1D/ EX/ Mem/
ID EX Mem WB

<57>



G ) »
N e 7 ) ¥

PEKING UNIVERSITY

1o Data Hazards

A Detect and Forward °* /A Cycle 3¢ £ 4

add12 3 //r3=rl+1r2
nand 345 //r5=r3 NAND r4
add 6 37 /Ir7=r3+16
lw 3610 //r6 =MEM[r3+10]

swb6212 /I MEM[r6+12]=r2
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