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ADDRESSING MODES

* Method| technique) mechanism used +o  specify \ocation of
an  operand

operands found n re@s\—er&
*eumple:

add $s0, $t2, $t3
sub $t8, $s1, $0

lb-bir immediote operands
example:

add $s4, $t5, -73
ori $t3, $t7, OXxFF

oddvess of opevand i
(oase oaddrest + 3iav\v extended iMmmediate)
- exowple -

w $s4, 72(%$0)
sw $t2, -25(%$t1)
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H) PC Relative

0x10 beq $t0, $0, else | .
Ox14 adgi sv0, $0, 1 )a\waﬂs increments Fest
0x18 addi $sp, $sp, i) 3 MO +o reath
0x1C jr $ra
0x20 else: addi $a0, %$a0, -1
0x24 j factorial
Hatt why
Assembly Code Field Values 3
op rs rt imm
beq $t0O, $0, else < 8 o} (§>
(beq $t0, $6, 3) 6 bits 5bits 5bits 5bits 5bits 6 bits

§) Pewdo diceck Mddrerting *

0x0040005C j sum

0x004000A@ sum: add $v0, $a0d, %$al

JTA 0000 0000 0100 0000 0000 0000 1010 0000 (0x004000A0)

jum 26-bit addr 0000 0300 0QPO 0QPO 0QPO 1010 0 (0x0100028)
mr‘ji{_’wﬂ o {MCP?OM P(L) ' ° ° ° ° ° ‘\ A‘lViSlblC b9 ‘I
Field Values Machine Code
op imm Con‘ §o m: [=] addr
I 3 I 0x0100028 A“OWC‘) | OOOOllIOO 0001 0000 0000 0000 0010 1000| (0x0C100028)
6 bils 26 bits 6 bils 26 bits
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MIPS Microarchitecture

Application ~"hello
Software |w

Operating
Systems

L)
Architecture =
-

Micro- i "
- Dz[l — take in machine (a

and execute ingtruction
Logic

Digital
Circuits

Devices

Physics

yorldl”

— —

- —

o e—

Q Q

.
Analog
Circuits

Avtnitecture

* Architectural shoke: PC, 32 cegickers, Memory Cetate block in
FSM)

* Aednitectuve : intrrutkion ek specification , architectural state

Microoardhitectuye

* How Yo implement an architectute wn logic/ hardwase

* Processor:
Da\'apa’rh'. functional blocks
Contyol * convol siana\s

© Multiple wicroarchitedtures for tame oarchivecture C(vacy in
tpeed ond power)
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* Multiple implementations for o Singje architecture
- Singe »uA(,\e- weh ingruetion executres W & “"ﬂ\e wyle

- Pipelined: eah intfruekion broken into a serietof ttepc and
muthpe inthutions exeluted ok once

- W\u\\'i—uot.le: eatn intruction oroken into & Seviesof chorter
sﬂps

Processor Petformance

« |Exewntion fime = nO-of inttruckions x eydles x  Seconds
ins\tuttion e

* Definitions:
- (Pl: uéc\u per ingiruckion
(: - dlock period: setonds per cycle Credprocal of clock frequancy)
vedpeocalsy - \pe s instruthiong per wcle

* Oprimise tosr, power, performance

* R-type insteuetions and, or, add, sub, slt, sll
(barvel

* Memory ingvuctions lw, sw Shifter)

* Branth intkrucriont beq
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Intel and Advanced Micro Devices (AMD) both sell compatible
microprocessors conforming to the x86 architecture. Intel Pentium Il
and Pentium 4 microprocessors were largely advertised according to
clock frequency in the late 1990s and early 2000s, because Intel
offered higher clock frequencies than its competitors. However, Intel’s
main competitor, AMD, sold Athlon microprocessors that executed
programs faster than Intel’s chips at the same clock frequency. Why?

" insteuckions | clode tyde

g '?ro.quem% not We oa\\\:) Lactor 5 \ower clotk Qmatuenus bwi
betrer ?erfovm'm%

' Zen,Zend —AMD microdrdnviedures +hok implement %86
architethure

MULTI-cvOLE  PROCESSOR

* Processor: dofapath C(functional blocks), control Clonivol signals)

' kes\mr fle+ AW

ALY - Arithwmodic  ond Log{\c Untr / ALV ContyolC2:03
A 8
4,” * N 000 A&B aND [
V 001 A|B  OR Punthions:
010 A+B Md & (AN.\'IOY’!S-
ALY 011 not used 2 'lnP\A\'S
N 100 A& ~B 7
y [ 101 A|~B
110 A-B  Sub
111 SLT swifr left|
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Arcthitedtural State

* PC
. ke{;)'\mr:
* Mewmory
> outside microprocessor ;5 external
e | il
[IV7R V WE g \% 22
- \l, —/‘— A\ we o) —
Pe pC — A > —+ A2 ep2 |42
e inthr] dato, s remeter
memory — A3 file
—] wo
PrOBraW\ 32 .l
D3
counter ~
tecall memovy reall lab — repy file
arro.as

Load Word Intrruchion

wo $s0, s(del)
k Ys

' Address walcuwlation
bate oddress (44D + offser (5)

Wvrite=4

pointi o e

next ingt.

adde

J' CHK
PC | Instr
. EN|
vead net
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$ep 1- Read Source opevande from RE

. tfore in
I-type intt (re) $2-bit
‘/ sourge \'¢3 ‘/ rga
1. Coase
s P ] addr)
IR
Reeall: I-4ype ingttuckion
[ op | vo | vt | imm
6 birs Shit S 6 ke
31: 26 25:21 20:1p IS:0
Step 2-Read & Sign Extend e Tmimediode
¥ \J
von-extended
immediate

imm s\ice

ey T
. Sign Extend

Recall: J-+upe instfuction

[ op | ve | vt | imm
6 bifs Shix Shis 6 ke
B:26  A5:21 20:1 I1S:0
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Snp 3- (,ow\pu’m N\ew\oné Addre(s

odd immediote to base
addr

AlLUContol,

e

imm addr
Hep & - Read Ffrom Memory
N V)
setecks inchruction
or data
Q2-bit)
inct. ve
e’ O
$ep 5 - Weite dada, batk info  RF
ReqWrits ( we3 ,‘

By o D
i FO L eet)” |
ﬁﬂ_”

] rm [
From mem S
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Recall: I-kype inctuction

[ op | v | v | imm

B 26 as:91 20:1p IS:0

toinoewment by & by (326t & L byres | byt ~addressoble)

o u¢e ALY

PCWiite ALUSrcA ALUSIEB,

PCy

* Only one adder (inside ALU)

* In lab datapath design, two adders used (separate adder for PC)
* Would using two adders in current design help? How?

* Note that in both cases, architecture remains the same
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Oter Ingrrutriong

* Sw
' R-type tadd, sub, ond, ...
* beq

Store Word Twsteutkion

Sw o $s0, 7(30)
Yk TS
Address  tomputation same oL for \w
ister contints 4o be written 10 main memo%
* Seps 1,2 and 3 Same ot W W
Sep - ke.?)'\shr okt to  be wriken invo comw\’td memory
oddress

write o
4 MeMOYY

Memrite

-

calewated addr

Recall: I—W ingttuckion

[ op [ vo | w& | imm

H1: 26 25:21 20:1p IS:0
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Q—'\'&pe Insrructions

¢ Step | Chetch): same as (w
. Sh.p 2. fimilar o lw
© Step 3: wWeaire ALy owtputr  info destination reg)‘\mr

« Read from s and ct

¢ Write ALUReswlt 4o ven file
« Write Yo vd Cntread of r4)

odd 450, $51, §¢2

Ya re %
. =
Receal: &—&“pe ingttuction
op s T+ rd [shamt| funct

L\ 26 25:91 20:1p 1S\ 106 5.0
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bes  Instruidion

© Sep fexth
* Srep A (ompare vesister  Contents
’ S\—o_p 3: cv\ahse PL  ontents GfF reﬁ'\sms equal)

beg, $50, 451, loop

Y§ == 1t7
BTA = Ctign-ecended immediote << D+ (PLY L)

rcy

t 32 bity
0 for R type a\ zero
'\ tNOR

| (&) bt
byte eddressable odus bit)
Recall: I-kype insttuction
[ op | ve | vt | imm
Bl 26 25:21 20:1b IS:0
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(ondvol Unit

¢ lockmige syn davoni

MemWrite
IRWnte

hml Control

soion

CLK
PCWriler

Unit

ALUSHH, o

ALUSIcA
RegWrite

CLK
Lo

,
¢z
ra

WE3

A1 RD

FE FISUTEDS

A2 RD2

|
L N

Instr/ Data

A3

Register
File

wD3

TH

Signimm
Si

Unit — MemioReg
—— RegDst
lorD
’ ——PCSrc
CKirst 6) con"/:ior:'a | ALUSICB,
Opcodess—  (Fsm) ALUSrcA
— IRWrite
7\ —— MemWrite
—— PCWrite
P(OW\ IR Branch
—— RegWrite
Mg fed +o KO
Funct,— A8 __— ALucontrol,,
Ulost 6)

ALUOp(1:0] | Funet[5:0] || ALUControl[2:0] | ALU Operation (instructions served )
00 don’t care 010 + (addi, lw, sw)
01 don’t care 110 — (beq, bne)

Ix 32 (100000) 010 + (add)
1x 34 (100010) 110 — (sub)
1x 36 {100100) 000 N (and)
1x 37 (100101) 001 U (or)
1x 42 (101010) 111 — (slt)
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MAPS  Muki- Gyele Dataipatia

|

PCE_n
CLK
o
PCWrite
Branch —
 _lorp | Centel | pcse
MemWrite | U0l ALUControby
ARWrite ALUSreB, o
3126 ALUSrcA
{5:0 RegWrite
3 S
ES Lon -3
§ |
g clk =
clk | H, | — o ‘ - ‘
! A % 7 Zero Ik
\ c 2021’ YT WE ko ‘A,:.:} A 2] c N
& = e i ko2 Ma— I laty | ALUResut _ﬂi‘},{{‘?ﬂ!k{d'
| e, Wl
as:11 al File —a—
[ l::[wm —
J

lw_Tnstvuction Steps

eue

~ A FBp O

. Fextn

Reod kesxs’rzx

Reod Oond Sian— esvend  immediode
Lompute Temory odd ress

Read dota from memor

Write data back Yo repsker file
Taurement PC

‘w Fve Clock Cucles

NFE PP -

ferth ond increment  PC

Read regjicker ond tead[ Sign ectend immediote

Compwiz memory oddress

Reod doda from memo

Write data. bock 4o ﬂ’.@s\'er file © vibha's notes 2020


Vibha Masti
© vibha’s notes 2020


Uogle uéda #)

. fereh inghrudrion

PCEn

CLK

clk
iA LUOut

© vibha’s notes 2020
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JTor0=0
ALVSYe A= O
ALVSc @ =0\
kL\)OP = 00
PL ¢rt = O
TRWrite
PCWrite

veset
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Uoe\ L\ét,\! #3a

* dewde Stote

PCEn

CLK

h

ALUControh g

ALUSreByg

reA
RegWrite

clk
|

Fayjorws)

clk

UOut

- fetth

resed
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Clock tydle #3

PCEn

0. fetn - dewde 82: MemRar

JorD=0
ALVSYC A= O
ALVScc @ =0\

reset

ALVSvep =l

KLV Op = 00 AW CR= 10
PC gﬂ,; o AWwop =00
TRW«ive

PCWre
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Clock tydle #4

PCEn
LK
ite
Sorp =1 PCSrc
i ALUControh.o
ALUSrcB,
31:2
-0 RegWrite
> = = o
clk
. % i Ik
c
25:21 A D1 mlA SrcA Zero clk
20:16 D2 B ALUResult iﬂl UOut
20:16 a SrcB
. WD
Signlmm
oddr from ALY e
0. feth . dewde 29: MemAdr

ALVSvep =(
AW cR= O
hlAJO‘?'=Cx>

¢ Memiead
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Uok tyde #5

PCEn

clk
| ALUResult iALUOut

NS itewo veg

0 ferth - decwode S2: MemRAdr

TorD=0
AWSYe =0

ALVUSe & =0\
RLVOp = 00
PCLSve = O
TRWke
PCWire

reset ALVSrep =(

AWSrcR- O
A\,\)O? =00

864 Mem Write back
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Yore Word TInctruction

& ok chles

tloce (ade #)

. fereh inghyutrion

PCEn
CLK

0. fexth

JorD=0
ALVUSYe A= O

ALVSrc & =0\
kLA)oP = 00
PCsve = O
TRWrite
PCWite

reset
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ok ué:,\e #2

* dewode Stote

PCEn

:

clk
LUOut

"

$0. fexth - dewode

Jor0=0
ALVSYE A= O

ALVScc & =0\
KLV Op = 00
PC ¢vL = O
TRWrite
PCWe

reset

© vibha’s notes 2020


Vibha Masti
© vibha’s notes 2020


Lok tyde #3

PCEn

CLK

ALUControly o

ALUResult LUOut

T
33-bit ve
for a

0. fetn - dewde 82: MemRPdr

JorD=0
ALVSYe A= O
ALVSe @ =0\

veset

ALVSrep =(

KLV Op = 00 ALWSrcB-= 10
PC gn; o N»o? =00
TRWrike

PCWrile
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ok Lkét,\é #4

PCEn

CLK
ite
Branch
JorD =)
Mem Write =l ALUControly o
i ALUSrcB .o
31:26 USreA
5.0 RegWrite
» = = o
]
¥ g
L clk . clk 2521 & clk
J D j Instr  RO26 iALUOur
— 20:16
N EN
;
Wi clk I
Data
0. feth - dewode 82: MemPar

Tor0=0
ALSYe A= 0
ALVSc @ =0\
KLV Op = OO
PC sre = O
TRWrike
PCWle

reset ALVSYep =

Awsrch= 10
AL\)O? =00

Ofs Sw
¢ MemWnite

Jor D=\
MemWrite
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R-Type Inttruckion

4 cok %des

Clock  tye)e #|

+ fetth ingrruction

PCEn

CLK

clk
iALUOul

0. fexth
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Clock Llé(,\! #2

* dewde Stote

PCEn

clk
LUOut

0. fexth Q- dewode

Tor0=0
ALSYe A= O

ALYSr & =0\
ALV Op = 00
PCL sve = O

TRWrike
PCWire

reset

© vibha’s notes 2020



Vibha Masti
© vibha’s notes 2020


Lok _tyde #3

PCEN

LK

Al tIContraly o
ALUSr B::0 = DO

= = o
fctic i i
P, iENﬁ N LUOut
L. Ad
wo
$0: fexth 31- dewde S6: execure

R ﬂL”‘JtP\=(
e ALY CR =00
NA)O? =lo

0?
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Clock uéo\e +#4

PCEn

cLK
tite.
lorD
; ALUControly.g
i ALUSreByo
31 ALUSrcA
15 ite = 1
etk
l
clk s |1 P o e a S ik Zare clk
Instr RO16 o A =y P ALUResult iﬂLuo‘.z
EN 2:15 4 SrcB
- wi
clk
Data
Signl
hsio ignimm
. Letn 31 dewde S6: execute

veset

© vibha’s notes 2020
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KLV Op = 00
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TRWrike
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87 : ALV Wrikehadk
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AW cR =00
ALOP =0
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Branch € €qual Imttruction

Cloc\e uéc,\e #|

PCEn

CLK

| ALUResult

0. fexth

TorD=0
ALYSYC A= O

ALVUScc & =0\
KLV Op = 00
PCLSvrL = O
TRWrike
PCWte

resedt
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Loclk (gcle 2

* decode
* tompufe branth tavgetr address

PCEn
CLK

= = o
etk clk
pPc’ E:C .\ iﬂL UOut
Ad)
wbD
0. feyn - decwode

JTor0=0
ALVSYe A= O

ALVSc @ =0\
kl,\)OP = 00
PCL ¢rt = O
TRWrite
PCWrle

veset

ALVSYe A= O
ALVSe @ = \\
kLVOp = 00
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Lodk _tyele #3

PCEn
CLK

clk

LUOu

$0. fexth - decode

28: Branch

JorD=0
ALVSYe A= O
ALVSre & =0\
KLV Op = 0O
PLsveL = O

TRWrike
PCWite

veset

AW ezt
PLLUSte Bz 0D
AL Op =0\
Pesve=l
Branch

ALSYe A= 0
ALVUSe B = \\
ALV Op = 00
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Control FSM

+ Tor each instrutkion | BSMg

LW SW R-Type BEQ
o.d <4 iy
— 5 S0: rexch/ lorD 0\
$0: Fetch/” |orD =0 $0: Feteh/” o0 Aty “lord = 2 \ AlSreA=0 '\
‘ AluSrcA=0 uSTCA = 0 / =
/ f)"sm;f 001 \ [ AusreB=01 [ Auscg=o01 \ [ Ausch-o1 |
[ AluSrc / . JUOp = — 5
R _.{ AllOp=00 | Reset ——3{ AluOp | Reset —¥| | Ap‘égr‘z :%0 ‘l Reset 4 PCSrc = 0 ‘
el "\ PCSc=0 | \ PI%SV:IC(;O / L IRWrite / \ IRWrite
\ | /
. ;RCCV"rl!ltce /" \ PCWrite / \ PCWrite & / Pcwme/ >
b . g S e
T 1 ! J
T T = - - - -
. e 2 ~ l / ™" o=
o~ ’ £ ~ ¢ N\ S1: Decode / ]
$1: Decode,” \\' s1- Dctodq,/ \ si: Decodg/ . / \
/ \ / X / \ /[ AlSrcA=0 []
[ \ / \ l \ [ Aﬂxsa:ﬁ = 0101 | |
\‘ ‘\ \ | \ / (] v,\ uOp = /
\ / \ / \ s { \\ Y, \
N ,/‘/ \\\ Tl ) . \~r,/ '
——
[ opzw Op=1W I — | op=sea |
e koo x P Sl
52: Memadr/” ™ $2: MemAdr/ N $6: Excute ¥ Bmm'“ AlusrcA =1\
[ Alus [ Ausea=1 { flusrch=1 | SN\M, | Ausrcs - 00 \‘
‘ AluSrre 1o \ [ Aysecs=10 | ok 1%0 ‘, ey |
\ / \ // \\ /
" N \\'__,-' o 1_ ¢ 7
T + I R-Typ
Op=1W 4‘, Op =SW P I
$7: ALU Writeback do % ca
o « 7~ 4 \
53: MemRead,”” L% Sawme 55 Memwrite : [ \JBegost=1_ \ n Ve
[ o=\ | M ] aloouy convol
r lorD=1 “ ( MemWrite \ ‘
| \ / \ / % \ .
\ / \ / N7 $ \87\0. $ )
‘\\\ //‘/ \\\\g,//
1 all 4 tan be
s back RN . .
54: Mem Writsback / d +
\
"/ RegDst=0 | ev‘ tm'
| MemtoReg = 1 |
| RegWrite |
K /
% )
N

wort  nexy L\Jd&

« Fictt o statres mode tomwmon
\ommhinﬁ for ewch intdruttion
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Condro|l FIM  for Mule(,ﬂo\t Dod-a\\l)a’rh

S0: Fetch S1: Decode

lorD=0
AluSrcA =0
ALUSIcB = 01
ALUOp =00
PCSrc =0
IRWrite
PCWrite

Reset

ALUSIrcA=0
ALUSrcB =11
ALUOp =00

Op=1Lw Op = BEQ
or

Op = sw

S2: MemAdr

S6: Execute

S8: Branch
ALUSIcA =1

ALUSIrcA = 1 ALUSICcA =1 ALUSrcB =00
ALUSrcB = 10 ALUSIcB = 00 ALUOp =01
ALUOp =00 ALUOp =10 PCSrc =1

Branch

S7: ALU
Writeback

o S5: MemWrite

S3: MemRead

RegDst = 1
MemtoReg =0
RegWrite

lorD=1

S4: Mem
Writeback

RegDst=0

MemtoReg = 1
RegWrite

© vibha’s notes 2020


Vibha Masti
© vibha’s notes 2020


Cowdrol Unit

Cont.rol — MemtoReg |
o — RegDst ‘
— lorD | Multiplexe
—PCSrc
. Main | A usrcB,, |
: Controller
gOpcodeS:o— (FSM) — ALUSrcA
: — |[RWrite
— MemWrite
— PCWrite
— Branch ‘
— RegWrite
ALUOp, ,
Funct,; Decotler ALUControl,,,

ALV Decoder

wonivo| M
from peev:

PO

tare randition
+abl e
d

1o\ tccut

Funct ALUControl
00 X 010 (add)
X1 X 110 (subtract)
1X 100000 (add) 010 (add)
1X 100010 (sub) 110 (subtract)
1X 100100 (and) 000 (and)
1X 100101 (or) 001 (or)
1X 101010 (s1t) 111 (set less than)

© vibha’s notes 2020


Vibha Masti
© vibha’s notes 2020


(cles per Ingtruchion
* Performance weasture
ke low ot ?oss'\b\e: %oo\\

Instruction CPI

1w 5
Sw 4
R-type 4
beq 3

Quethon |

The SPECINTR000 bondnmork tontitks Oppeoximately of sy loods,
0} stores, (1) branches, 2} jumps ond SA7/- R-type inhructione.
Defermine the overage CPY fof his benthmark.

DAT x5+ 0108y + 0N X3¢ 0.01x3 + 0SIKG
= &3 CPI

Sgs’rol\'c P‘rmg Modrix Mu\‘h'qu“\
* lieneral purpoge processor — funcions  specified by tofware
* Spevial pucpose processor — hardware accelecodors

° Focul: matvis muMiplication
L Sofiware
L Hafdware
“ (omyamon
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Modrix_MuHiplication w Coftwiare

' P‘VMP X gP'”\ = Cmm

" 3 netted loops

for (i =0; 1 <m; ++i) {
for (j = 0; j < n; ++j) {
for (k = 0; k < p; ++k) {
}C[i][j] += A[il[k] % B[k]l[j]1;
}
}

o Tnnermosy Srotement

* Hooking poim operations —: multiplicadion followed by
addition

* ompwrahiont each ieradtion
- loop variable inement and comparicon
= tonditional branch
- Hoading poink muliply ond odd

* AStume o\ Yaree Computiond oty W pavdllel i every
rrerodion

Assume Yime reguired ath weroion i xime vequired fo perorm
Hloaking point mulipiication and addition
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* Astume R bykbk vadvices = mn,p = bk

for (i =0; 1 < m; ++i) {
for (j = 0; j<n; ++j) {
for (k = 0; k < p; ++k) {
}C[l][]] += A[1i] [k] % BIkII[j1;
}
}

Resume clotk speed of wiivroprocessor =k e =) cdlode period
=023 n¢

Atswne one FPO done every clock uycle

S eath \oop Weration dakes A clock cydes = 05 ns

Number of loop Weraions = by’

L]

" Yohal dime taden = 0.3 me = 131072 ng

Time faen @ a 4en-Lore  microprocessor Lfor 10 madriceg (paralled
= 0.3l ms= 131072 n

Modvix Mubiplicafion w Hardware

s Vsed 2D arroy of ?rocecsma Clements (PES) for n¥n  modrix
Mmukiplication

* todh PE tan perform  multiply t accumulate W tame  clock wyde

* MoA% mutiplication i 30-2 ugcles
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Sutolic ﬁrm% Nuikiplier

* 3x3 madrices

51)7—
h‘h\ b(,-‘_
N
b 0 by, bo,.
Second ?
olOdé.\e /I::o bo,|
ud ]
—-bo,0
T l : :
“o,t Aoy 0‘°.'l°
6,0 Qb1 \Oyo | | |-
G oy Gy —p | —»
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A

Liesk

b2,2
b2,1 ——bl,2
—— b2,0 — bl,] —— b0,2
— bl,0 — b0,1
tb0.0) l l
al 0*bi0
_’

Alignments in time L b2.,0

!bl,O)

© vibha’s notes 2020

b2,2
b2,1 ——bl,2
bl,1 b0,2

!

‘ second

iy
+f0.ro13 (a0,

am,

40.0%b0,1

500

al.0*b0,0
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* S0 on,urfl final dow tycle

* Keeps accumuloding & patsing o heighboure

Alignments in time

2

—
‘ al,0%h0,0 40,0°b0.1
a0, 0% b2
+a0,1*h1,0 +20.1°bL1 ’
202, enyy [P T a01*b12
>l a020h2.0 b 20.2¢b2.1 M
al,0%h0,0
- :| “;’, 0 al,0%bo,1 al,0"ho,2
P - u12002.0 Fal1%b1] [—p{ +al1%b12
o +al,2°b2,1 +al,2%h2,2
Done
l l l b2,
22,04b0,0 320000, |5 o a20h02
—p| +u2.0%b1,0 +azobLl (A9 £ a2 1012
+2,2¢b2,0 vazaobat | ] - a22th22

In-& dotk (.W,\CS

" ASIC-Rppiation Specific Tegroved Uirtuit ; fodk buk expewiive

and have ctlode wde ® 1.5 ns

* For n=6Y4, Bxe4-2 =141 clok cles

tPLA - Field ?ro%mmmah\e tote Array - clodk wycle = bins

* Time 4oken for modviv  muMiplication =1a\x& = Tot ne

+ Time token for 10 = | 7o40 we
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Lpeedup for 10 bhxby Modrix Mubhplies

= Soffware time = 13\072 , 17
hardware time 7640

* Vx faster uding dystolic army multipier Hhan miccoprowssor €
%mm\ purpose hardwared

boople Tensor Proessing Uniy  (TPU)
o \Y)

' Thicek for compuiodion wigher but Moorek Low W halking

« Uted for Mua  hitps:/cloud.google.com/tpu

Core Core
vaseoreame s
YA YA YA YA
SETENANE anan SENENEEE AREEREEE
ENRERAEN anEN L] 1}

£t
i
¥

© X128 sytholic oreoy euiiplier
* ToomHz C(lyng Clock period)
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Tink About Tt

Systolic array n x n matrix multiplication takes 3n — 2 clock cycles

But each PE computes only for n clock cycles
@ (Can a new matrix multiplication be started before the previous one is complete?
e How many matrix multiplies can be active in the systolic array at any given time?

* Tdle for ~an tlok tycles

+ 3 oF onwe?
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