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A 3 % Background

3.1 NEWTON memory T%
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3.1.2 NEWTON memory data mapping
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Abs dupoh wEA F3e shkel whel @l HojE wisgE ofd
W= ARt Al o whEk Asol kA Al Hrh

GEMV axke 2l 313 o] weight®} input vector’} Falx 3k
°of bias7} HalAA A gho] oA @t A+ weightE HEl = A

S % matrix FHola ¥ =wolAe I A7]|E 1024 x 10242 A6t

JAn

At} ‘x’+= input vectorE ulst= A O 2 weight A9 AL WF7]
flete] 1024 A7) #HEE AAsilvh wheF o] WE e A7]|7F wgtst
O weight®] A7]% vpFo]of gt} ‘b’ biasE Scole A S =Z fully
connected layerol A AFgE = biasE 2udtt}. o] bias® 7] X
input vector®d =719} wLstAl © Tt ‘y’+= output vectorg ov|dh=
ZAoZ 1024 =719 input vector® EU3dA Erk NEWTON H &g

S A

o

= 7]E®AHO0 7 trainings Y3 A E A
inferenceE $3t PIMo|t}. InferenceE $3%F PIMO|Z 2 weight] #t
< WA ¢al input vector®r WHEHA #th mElA] weighti= DRAM
cell o] A=l Q= #& AF&gtth Input vectore global buffer

of A%o] H=tl, olE F3l all bank operatione 53 AW global
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bufferol EE bank’} HZo] 7}53sh7] W&ol input vectors: EE

bank®l] Yol olx: Hu= AFo] vk vRAE O Z  biasih

=

latch®! result bufferel] A #o] o, weight®} input vector’} 3%

kol A% accumulation®] # T}

y=A-x+Db 2 3.1)

3.1.3 NEWTON ™ & o]

& ZelM= NEWTON WHEole F/Fel 1 ool disia st
t}. 7] main WEEE SAEA HEG HLseE WHOE read
o} write®t UUTE o] F 7FA] WHo] gdm W AEE A
DRAMS AEEZ3}7] 93t activation ¥ precharge " H o7} &4 3k},
T3 DRAM Aol Ad JRE oA ¢k7] A% refresh W o
T EAs

NEWTON W22 &= o] gHgojse d3] GEMV AAHs 93 4 7}
A HEgols F7IE WolERlth o] 4 7HA] WHoE GEMV AARE ¢
3 diolg s AFsAY MAC Aibe 438 =+ 5% dys 9oL

oghs shr} ole|sh WHolE 3 3.1¥ o] write W@ o9 B d

rlr

WRGB$F WRBias7} 90a1 MACIAES 3 sk= ABMACe] Stk whA
o2 MACAAS F3st d3E ¢Jo] 2= RDMAC command”’} &4
3t} WRGBE write global bufferE 2Jn]sh= %1 © % global buffer ©l
He 2 T4 S WHAREA matrix 9 A7) wEl GEbTh
WRBiast write biasE 2v]dl= 2122 result buffero] bias@gts 2
T 4= ot WHoEA K wEe U= banke] F RS EE o

7} wko

_

¥t ABMACZ all bank MAC & 9|v]él= 21O % sense
16 S sk
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amplifier®} global bufferel += = o] A MAC unitell A AHS
T = HHEolEZ A, WRGB o9t vlx7FAE matrixe] 7]
gl gyl 347 dEkn v o7 RDMACS read MACS

omjet= A O FE result buffere] = #hS gloj = W ool

Command name a target
WRGB Write to global buffer Global buffer
WRBIAS Write to bias Result buffer
ABMAC All bank MAC operation MAC unit
RDMAC Read result Result buffer

3% 3.1 NEWTON command
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3.2 All bank row activation overhead

2 oAM= NEWTON #WRge 54 ZF 3stuel all bank row
activation overhead& ZA7]%tty. NEWTON memory 7] <F-ollA]
AAs PIM¥+= 9 bank parallelismS 93 all bank operation
TS Fsitt. 1 FolA NEWTONS command FollA MAC
command+= all bank F%o] 11, MAC commandi= activation ™83 o]
93] DRAM cell®] dl°o]E|7} sense amplifier® = &7t H, 1 3=
o] §3tod A AALS sttt 1A dwjitol MAC command<= all bank
row activation®] 3 3}t

a9 3.2% ¥ 332 ol w&S Holg:nh o 19 iR

normal request’} ¢17] W&o all bank row activations 1¥H%
FeyetAl ®rh sARE ¥ 3364 MACL1O A3E 918 all bank
row activation®] AFE AT FIrell ASl¥E normal commandel
ol&l activate®l row7F vH¥Al Btk 2E MAC commandE T335}H7]
el = RE bank? activated row”7F MAC command® target
rowo]ojof st} wkeF normal commandZb AT MAC1eA]
activation® rowE target rowe} ZA WF7] Wi MAC2E 3+
all bank activation®] Z& QZAA 9, normal commande] 2|3l
activation®] Z 23} ¥%la ©]+= all bank row activation®] A7t
overhead?} WAsH A& || gtr}. All bank row activation 2 A sk
overhead= NEWTON command® F3JAITE F7FA7]A] 9 MAC2

command® <F8A|zto] Aojx7] wiFeo] MAC2 command ©]35-]
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2+ normal command® latency®™ S7MA7]= AI}E ZF o)
olgd7l NEWTONS 54l all bank row activation overhead®
IHEHA] 42 memory controller?] AAl+= overhead® E3 1
A Aso] £4 &2 memory controllerE TH=A © o}

¥ 3.2% matrix A7]el W& all bank activation®] X}A|s}=
latencys UYERA  Zlo]th all bank activation rowE HhE  uf
WAEE= timing?! tRRD9F 4709 rowS activation A4 A%
A= tFAWE Q& o timing(tCCD)oll ®l&l 1 latency’} Z A
t}.

i,

all bank | all bank

NEWTON command — MAC1 I MAC2 ]
Normal command AL
command

I3 3. 2. Memory timeline without request intervene

e Al Azt Time

overhead
—

all bank all bank
NEWTON command MAC1 MAC2
normal
Normal command command

e Al Azt Time

1% 3. 3. Normal memory request® 213} all bank activation overhead
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256 44 9%
512 38.1%
1024 28.1%
2048 19.8%
4096 20.3%

3 3. 2 matrix size°l] W& activation latency BH|&

o] gt activation overhead= 1% 3.42F o] o8 7l host
processor coreo|A] ©E threadE A3 A|Z w] memory contentions
A 7Y sy W el ofg] 7§92 thread’} Al A2 &HA
Ao wWEZeg e banke] &443tE rowrl wpH|olof F 7]E9
normal DRAM command+= T threadolA & command’} HHE©|
Hobd, @A Hol A &2 bank¥t S St HATH SHAITE
NEWTON®S] MAC commands= 3F48] bankWhe] ofye} X= bankE
precharge %% 3] tU}A] activatione AlAHoF 3t} o= &
PIM#}+= t2 NEWTON memory W8] 54 0= whef ojejdt 545

Hhed

ol

}4 9F31 memory scheduling policyES 274 3%thd, NEWTON
st do7|A ok welbA

2 dAFoM= NEWTON memory® 572l all bank activation

memory s ¢33 83K Xotal s *

=

overheadE 11#3}%] PIM command scheduling policyE A|<tste 12

Fige
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Memory
contention

Core
DL thread core

core

Memory controller

/

LT T T - [ 1]
NEWTON [_59 .
I3 3.4 Memory con;tention g -
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A 4 Z Ak PIM command scheduling policy
4.1 A PIM controller overview

A Fst= PIM command scheduling policyE ¢38] ¢4 AlQtshi=
PIM controller® overviews 13 4.13 7t} Host processor®]
A= o8 e core FolA NEWTON thread(Deep learning
network)s A&ds= core’t vt 7HFE w, PIM AHS ¢4l
Q3 PIM command: L1 cache$®t L2 cache® AAH last level
cached] =%3tAl ¥tk NEWTON commandi= normal command* ¥
Hrge]l Sl HeoleE ¢la 2 WHol7b ofyr] wiZel non-
cacheable® F3®T}. o]F last level cache® %3 Eoo+
memory transaction+ normal transaction?! A newton
transaction?!#]o] w2} normal transaction buffer?} newton
transaction buffer® ¥ o] Szttt 5+ 719 buffers 25 memory
transactione A &3 F, transaction®] ¥4ZH Fof read? H¢E=
data®} &7 last level cache® Zo}7}A Eth

a9 41904 AEE HEo] 7]ES memory controllerol A
Aotdt+= PIM controller WIS w Fr7ig FRo|th MATE
MAC Address Table®] oFx}=2A] F% 4.3 oA A3 stk NT
arbitratori= NEWTON arbitrator24 NEWTON commandel] 2 Q3%
activation®|4}  precharge commandE  arbitrationd}il  normal

= 2Eo|th 7]£ memory controller©l

ol

command®}2] arbitration<

+ normal arbitration XE-> normal request(Read or Write)&

x8

ol 503 FR-FCES(First Ready, First Come First Serve)¥2]&

AFEEe] 71 WA issue® 1+ commandE issuedtt}. Issuedh

22 M = ‘_'-|i o



commandi= precharge, row activation, cas(read/write)”} S\t
Precharge commandi= bank® row7”} openc] o] QL uwl bank:
Pol== command©]th. Row activation®] & close¥ o] %= bank®] 4]
command® target row= sense amplifiere]l <8 F+ activation
commandE 3354 ¥t} Memory row statex bank®Z row9
AEI7F open?lA] closed A& YEN = A S =, o]F &3l normal
arbitrator XE°|A] bank row?] state® X1l ©JH commandE 7}
WA issued AQJMAE #dstA Hry 7HE WA issue’t 7HesE B
timing counter X E°|A o}# issuedtA| FEeria ko] FHwH
issue® & 4 gt} Timing counter R2E<S DRAME timing
parameter& #*°&3}3 command”} issue® ulvitl oJ¥ command”}

issued = QFA SR & e ia=

23 21
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NEWTON arbitrator E S|4+ normal arbitrator EE53} 7o

S50l NEWTON command Z°l4 ©® commandE issuedtd

i

L2415 WEEth Normal command$b= @28 NEWTON command&
out of order WAool 75 dt7] wiZel in order WA O E issueE
kA9 all bank operation?] MAC command® - E& bankel] =
row”7} open®] ¥ o] glojof 3t rowHE3st MAC command® target
address®} Zotop gt} oleldt o]ff witel NEWTON arbitration
REord= NEWTON  commandel 223k  precharge?t row
activation commandE issuestA ®rh HEF result buffertt global
bufferel] *3F= Write bias, Write global buffer, Read result
command® ©& read, write, MAC commandAtelelli= all bank
precharge”} ZF4olt}, o]& $dlA % NEWTON commandi row
state] ™WE commandE issue 3dtA Hrl WA NEWTON
arbitratori= normal commandE& %%t normal arbitrator® timing,
A bank? stateE 13l ©JH commandE issuedt A AH S

A},
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4.2 Fine grain scheduling policy

PIM controllerel|A] all bank row activation overhead& <°]7|
A3 normal command® grain size @& issue = WHS A7+
g Yt 83 grain sizeEtY 22> 749 normal command”’}
ATHH  normal command¥E issuedtx| @3 NEWTON command
buffere &A1= NEWTON command& issuedtt}t. ol& =] grain
size7} 8o]gkal ZFgs|H Al ol NEWTON command® issueste
%% normal command buffere] 8701¢] normal command”} lttd o]
871 €] normal memory requestE X.obx gHH o]l NEWTON memory ©ll
issue®s ok WA o]th Fine grain scheduling policy= normal
command¥E grain sizeVtE issueE 3171 wEol baseline 1<l
FIFOWA B2t  MAC commandAbele]  issue’} %+  normal
command?] 7} £9]EA4 @t} MAC command 7+l issue’} ¥+
normal command+= all bank activation overheadE WAA|7]17] wjitol
o] policy+ all bank activation overheadE =4 4 Ut}

Fine grain scheduling policys all bank activation overhead=
=9 4 UAT grain sizeo] wet Aol debd 5 vk weF grain
size7} 2 7% normal memory requestE I grain size®E Fo}A
issues 3t7] 8l NEWTON commandE WA issued Al ®roh
NEWTON command <F3tel issue’} %+ normal command7’}
Alg . whebA

fine grain scheduling policy™ HWE# S FPAHS )54 e

iy

Zo]E7] wj&<) all bank activation overhead® 9]

o
o

NEWTON command?® AsS A SHARE Y& 2 grain size
W= NEWTON thread®] s @2 & AR 19 4.29 2o

normal request®] latency’} A XAY  return¥+  normal
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command”} oA 7] W&o normal command®] starvation®] 2Ayst
T Ut

HEdl = grain size® #Al A4% 49 normal command
latencys Zola 4 AX% 723 437 o] normal command]
issue 717} ZrobAaL o] A gtollA A3t all bank row activation
overhead’} 2AstAl Hvk 1%7] wFeo] =& all bank row
activation overheadi= normal command$®} NEWTON command?]
TIANE BF ST 7 v

o4 A grain sized A7|E IAAY A AASFA HW FrpAQA

o

overhead”7} #AstAY latency$t throughputs RE5F A3HAZA
At B =welAe ol¥dt grain sizes StYE AFAITIA Pl
normal command®} NEWTON command® AF3te| whel wpft=
dynamic grain scheduling policy ®21& F 3t} o] %3&] large

grain size®} grain grain sized #AHES 25 e + QS Aot
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NEWTON command

Normal command

1% 4. 2 Large grain size issue policy

NEWTON command

Normal command

19 4. 3 Small grain size issue policy

all bank | all bank
MAC1 MAC?2

)

[ normal normal
lcommand1 command

)

normal

Hiza| 2d Az

Time
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4.3 MAC Address Table (MAT)

Optimal 3t grain size 245 93] £ =4 += MAC address
tableolgt=  AEE 245 AQksith. MAC  address tableo] st
NEWTON command’} ®Ho]l o+ A& #ste] NEWTON
commandz Q] MAC command® F4%} WHE ¥ = write bias?
T, AAZEA] issuedt write bias® 4 18|31 #AA| grain size state:
Asta dok 29 445 oleld MAC address table®] A=
HojFal Qloh

MAC address= MAC command® target address Z°lA
column® FAE A3t addressE AFsE= FHo|th Column
addressE A28t o+ column addressi= Folo] ves MAC
commande®l &3] v} 7] wlZo|t}k. Write biast o] F7]o A4 wEEH
write bias command® WHAE AFASt= XOE weightd A7}

HEkR et 1 weightE ARS8+ command® traces €At

T~

Zolm 2 write bias® % W3FA] &=th Issued write biasi= T
write biasE issue ol UTHH AHKMA D IR write biasE
issuest=AE AZstA drk. o] g PIM controllerollA  write
biasE issue@ wnttk 14 FrtstAl Aok B3 Ho iy o)A
F71oA wHE¥ write bias® 9 TOFE write bias IEI ZA
#ctH  write bias command® HbEo] EWS  9wsla, PIM
controllerl A= ©] & 0% ®F=Th vhA| 9O 2 grain state@ &
normal command® grain size”} largeSl#] smallIA]E YER)FE=
flagZA 1 bit?t F3A k. weF F=F Ao A grain sized
715 F9 AR3} & Aokd o] flagd bit A7IE EHelA thekst

grain size® Y& 4 Q1S Foltk. 7|29 memory controllero+=
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MAT®} B]<23F memory row state’} 2Th Memory row states
memory cell®] row”} open? A closeAE YHE] FE= ZlozE H

o ol A= o]2] 3 memory row states W&ol MATE WSSt

MAC address Issued Write bias Chunk
state

0x2000 Small
0x3000 32 0 Large
1% 4. 4. MAC Address Table A

30



4.4 Dynamic grain command scheduling policy

Dynamic grain command scheduling@2olst MAC address
table2 ©]€3to] NEWTON memory®] # &3+ grain sizeE A4 sl
Hkalo|t), H =Fo A= grain sizeE large grain size®} small grain
size 7 /2 FEEAL Hesivd ¥ A2 FA¢E vE 5 AUt

NEWTON memory°4l&= MAC commandE H|%3 NEWTON
command’} ®HEo] Ha 1 FA EI AAQSA @Bk NEWTON
command”} °]2thH MAC command®] target address& 7} HA
wA #h olu] o] target address® #o] MATe] {lthd MATe]
AMEA F7Het] 7155 kAl "tk MAC command ©]de] A&5H
write bias®] F7F 2 JIRIAE 7]E3h= register?] S write bias
o AA A

ojFof FHA F7|7} wHEo]l dAvkdA FWA F7|oA issuedt
MAC command® target address® &= F42E5 MAC address
tableo| Al 2& 4 Q1S Zolth. 18|31l write biasE issued uwjwit}
MAC address table®ll $li= issued write bias &% 1% &8
olfl WA o7 jssued write bias@H S F7FAZIth o] W, default
grain size statet large® A4 T ot} wkok Z7hof issued write
bias® #ko] threshold®t} H Al ® Y™ grain stateE smallZ BT

2 =R M= threshold®] #< [write bias®] &5 — 412 g3}
Grain size state® H}* %, normal command buffere] ¢l+= normal
command® A7} grain sizeXtt ATHA grain sizeWE issues:
A Hr} IssueE 3 Fo|% grain size® Ut @2 7049 normal
command”} At AEdA normal command¥E  issuedshAl Hr

Normal commandE 22 grain sizeW issues $FOEX normal
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command® latency+ command®] latency’} ZFA3A Htr) o] F o
issued write bias® =77} write bias® ZA Hvhd, issued write
bias® &FEH2 0°] ¥ grain sized =I7]% large grain size®
Zo7HAl T

1% 4.5 dynamic grain command scheduling policyE 24 &3t
BES HoFEt. 7B WA 0x200098 F4ae] dldskis MAC
address7} 0] 27 "vbd MATS 0x2000 49 zHs A9-A €}
o] %o I e] write bias7t 91 2W issued write bias?] @& 1%
S7FA71A " o] Fke] threshold %k ©]4to] ®ThW grain size”k
smallZ2 WA ¥H3, =29 normal commandE small sizeWH&
issueE A ¥t} Issues 3 o] % write biasE E7}A issueE 34
=4l issued write bias® #©| write bias®t A b write
bias7} =3 ¥t} o] W grain sizet smallolA ©A] large® s}
o]& HL& Mo all bank activatione issue 3F1, THA] MAC
command& issuedtZl ¥ T} Grain sizeE smallZ BRI issues
1

command?® 47} AA H 1 9o MAC command =7Fel] issueld+

ol
offf

S Abgo]l7]  wiFo] normal command buffero]s normal

normal command®] 7} Eo &4 #r.

Grain sizeZ largeolA small2 dFA  @ckd normal
commandE Fitel issuedtAl HTh o] WAS o] &FOoTA MAC
command”’} 35 7] o]de] memory controller¢te] A+ normal

command bufferE small size"FE issue= 3FA] @t} Grain sizeZ

small® v}4A] &=t buffero] Bol%+= normal command® 7}

A& A F71ekod large grain sizeWtg S8 Hi= A$7F S7FsHo

©]+= normal commandE MAC command % 3Fel issueA| 7] A% 11, all

bank activation overhead= Ay A] 71t}

32 M = ‘_'-|i o



HF) 2 grain sizeE smallol A large® vFEA] FthdA small grain
size® <l&] WA 4 9l normal command issueEs E°]A FH il
MAC command¥& 9% all bank activation overhead® Z°]A ¥t}

Dynamic grain scheduling policy+ ]2 4 NEWTON command®}
normal command® “J3te]] wel issuedhi= grain size® AV|E
small?} large® W3O # A, normal command® latency 749} all
bank activation overhead® #A4AE 7FAH& 4 Slt}h o] dynamic
grain  scheduling policyE #8141 NEWTON arbitratore] 4|
FSM(Finite State Machine)s T&3lth o] FSMe| w2k NEWTON
arbitrator®} normal arbitratori= | commandE issue@A]

A7t "k FSM= YeEb= 192 4,69 2

large chunk size

NewToN command [02o00 FRRRRE  FEEEERI [T -~ [T]
Normal command | | | :I:I:I:I:I:I:I:I

A Al Time

1% 4.5 Dynamic grain scheduling policy
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Normal command
buffer full

WRBIAS

I3 4.6 NEWTON command FSM
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5.1 Experiment methodology

Normal command® NEWTON commandA}e|? dynamic grain
scheduling policy 4% S4& 93l # =iodAx+ APS gemb9
DRAMsim3E A4d3}e] ®3P3FA et Host procssors AlEdH oA 3=
gembolA YWe+E memory requesti= DRAMsim3°] A+ memory
controller?} d4do] T 1, memory controllers= ¥ =&FoA A <tst=
policy®l =< baseline policy®l W2} commandE issuedhAl ¥t}
GembollAl A73l= system configurations oF#e] 3% 5. 13 7o
A3 11, DRAMsim3olA A3 DRAM parameter+= 3% 5. 2%}

ol A3t

System configuration

Processor in order CPU, 2 GHz

L1 cache 32KB L1 data cache, 32KB L1

inst cache, 8-way assoc

L2 cache 1MB size private L2, 4 way-

Associativity : 4

Last level cache 8MB size, assoc : 16, cache line :
64
DRAM DDR4, 8Gb, x8, 1lranks, 16

banks, FR-FCFS

¥ 5.1 23 system configuration
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DRAM timing parameters

tCK = 0.63, tCL=22, tRCD=22, tRP=22, tRAS=52, tFAW=34, tCCD=4

¥ 5.2 23d DRAM timing parameters

Gem5¢ DRAMsim3E ©]&3% & =& A9 dAAd 192
a9 517 Zrh 7]1E9 Gemb5$t DRAMsim3E A% Zeol dsA
NEWTON trace’} DRAMsim3% memory controller®] *<3tE=
steiAl memory controllerdFelA = FAlel gem592F NEWTON
trace’t HAe sk AAHH  HolAl ST GembolA FAE

Hlx|vtA = SPEC CPU 2017 21712 AdAsie. 1 55 % 3%

B B I W
et
CORE | | CORE D
! H
$L1,2 | | $L1,2 Newton
; ] trace
$L3
Gem5 : d i v
DRAMsim3 ‘
Memory controller
NEWTON memory

19 5.1 NEWTON simulator overview
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SPEC CPU 2017

500.perlbench r, 502.gcc r, 503.bwaves r,
507.cactuBSSN r, 510.parest r, 511.povray_r,
520.omnetpp r, 521.wrf r, 523.xalancbmk r,

526.blender r, 527.cam4 r, 531l.deepsjeng r,

541.leela r, 544 .nab r, 548.exchange r, 549.fotonik3d r,

554.roms r

505.mcf r,
519.1bm r,
525.x264 r,

538.imagick r,

3% 5.3 SPEC CPU 2017 benchmark list
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5.2 A3 A¥

5.2.1 RNN execution time H| il

Deep learning networks 34}l RNN= CPUS GPUA
FAstA S e dy= a9 529 2k AAA] 8 AR GPUZH
CPUS oF 24w A% ml=r}, kx5 7% 539 o] NEWTONe] A
AAbs ST 5 Sl= GEMVE AAZ vlE&S Eud CPUIA 9
GEMVEaAzke]l o ZAARE GEMVE ALst g0 Fa A7
GPU7} CPUXRT A €t ©o]E &3 NEWTON w &g
7 sk ARG CPUCA a8l sk 2o ¢ wiaads &
Atk

GPUel H]3] CPUIA F3AIZFe] Asq o] AA + e ol
NEWTON w#=®egle  SAuoltt. NEWTON #=Res  drks
Fst= AR AT Wl =R J¥E St GPUSY
NEWTON=Z ©]&3tf RNNE 752 43, CPUS wQl v Eele] Sl
weight9} input vector, bias® XF CPUY HEZA GPUQ
wHEE 2 o]FA|AosttE o] HH S cuda malloc¥} cuda memcpy =
e dAxks gEst Fom GPU wREgel gl AxE CPUR
ol F Al AckstE. o] FAA  EAgsk= wE e wWEeE  Alo] g

bandwidth® <I3t bottlenecke NEWTONS o]&3= A=

)

2A1717] wiEel GPUSH NEWTON= ©]&3% RNN <1k 45

E

o

Jol A Ar}t. kx| wk CPUS NEWTONS o]g3t Z-$, CPU9

[e2

HQl wWEEl7F & NEWTON©]”] wjio] data movement’} AF2FA]A
HArt. w2k GPUC 93] 2AFE cuda malloc?}t cuda memcepy 2}

Ce B4 fAg evt QAR
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22.11

— — N
o (6)] o

RNN execution time
(@3]

0.92

ECPU mGPU
719 5. 2. RNN execution time in CPU and GPU

21.79s 0.32s 22.11s
GPU 0.13s 0.79s 0.92s

1% 5.3 GEMV execution time in CPU and GPU

5.2.2 Memory contention® & 13+ =Y A|7+ 7}

SPEC CPU 20172 memory request® NEWTON command7}
memory®ll FAlel HZE SHA @ohH memory contention©® Q13|
AA AR slowdowns HOo7|A Hr o]of st Ay= 19 5.3%
Zt}. Baseline SPEC CPU 2017& 3t4e] coreol#s SPEC CPU
20177 Fasls wo] F3AE 12 32 Zlolth Ratio= SPEC

CPU 20173 NEWTON trace® Hy W&z HL 355 vl 7
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5.2.5 Dynamic grain scheduling policy &3}
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5.2.6 NEWTON dynamic grain scheduling policy &3}
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Abstract

Dynamic Grain Size Control for
PIM Command Scheduling

SangHyun Lee
Electrical and Computer Engineering

The Graduate School

Seoul National University

Recently, Deep learning networks have been increasing in
number and size of layers to increase performance. In particular,
natural language processing (NLP) or recomandation deep learning
network causes botleneck in memory bandwidth due to the large
size of layers and the small proportion of data reuses.

To address the above issues, the emerging Processing In
Memory (PIM) performs operations in or near memory, thereby
overcoming the memory bandwidth botleneck possessed by deep
learning. A typical example of such PIM is the NEWTON memory.
NEWTON memory can function as a main memory for storing data
and a PIM for performing operations.

In this paper, we introduce a new PIM command scheduling
policy that takes into account the structure and features of the
NEWTON memory, when the normal command requesting memory

from the host processor and the NEWTON command performing

53 "':l‘\-_i _'k.:.': ok



operations from the PIM are simultaneously accessed. In this study,
we describe all bank activation overhead, a problem that arises
when the characteristics of the NEWTON memory are not
considered, and apply dynamic command scheduling, which uses
MAC address table in the proposed PIM controller to determine the
normal command by grain.

Experiments showed that the dynamic command method
reduced the execution time of SPEC CPU 2017 by up to 28%
compared to the conventional FIFO (First In First Out) method,
which showed a decrease in execution time compared to the fine—

grained method.

Keywords : PIM, memory request scheduling, memory controller
Student Number : 2019-23220
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