2020 2z2fel FAlIsteyEz| =8 H273 H|22 (2020, 11)

SystemC7]4F CNN Al &E# oy 3

ARG, w5, AlF, ez, 249"
o) Folt ehu A FE A A L5 F o
kestrel08@naver.com ,ab72002338@kakao.com , idoyo7@gmail.com,
slim@hufs.ac kr, sycho@hufs.ac.kr

SystemC-based CNN Simulator

Jinyoung Kim®, Seungsu Lee”, Yejun Kim",
Seung-Ho Lim", Sang-Young Cho"
“Div. of Computer and Electronic Systems Engineering, Hankuk University of
Foreign Studies
kestrel08@naver.com ,ab72002338@kakao.com , idoyo7@gmail.com,
slim@hufs.ac.kr, sycho@hufs.ac.kr
& o
H AR AFEH 22 duvl= fulol2olA CNNZ 22 Hud B2E5g +9 &l
Edo] AA 2 FEo] wol HaAlEa ) oledt AWtz Al~wl Qa3 CNNEES #§ &
o] AAE HelA HA =B =
E o]&3 RISC-VZ H#4Y AlE#HIHE A=ttt SystemCZ F+3¥ RISC-VE Virtual
PlatformZ Al &do]E 9] A z2& 3t AlEHRS 3%, SystemCe 542 ZEZ ) REI §
Aol frolste] Al="lS FASA . C dug]Ee #FH*39] Convolution, Activation, Pooling <
ke 7S ste Alads FAstE T

1. ME ESL(Electronic System Level),¢} TLM(Transaction
Level Modeling)3} Z-2& Al2d galo] wmdz 9
H 4xf Ao o r Al 2 g ASS FAL F Atk £ =9 o] RISC-VI2]
ol digk dAAE 2A F7keka glew oo uf ZR2AAE HFY LEAL2 HoldaE RISC 7|
gt Jed dAAb7lel tigh ek o] Frhstith EZEZANMEN ZEZAMA HEo] AEVL westal 1)
CNN# 22 wejyd Aike Aiksko] Wol Uwnkd AaE7E 71 ZEAMRY Z&AololA HT F
o2 GPUS Z2& 1% Al7]E ol&ste] AZE ERka e dHlt =g ZRAA otk i =l
ol 9yd Axe st M H 3 Qe At = ZEAA S0}l
H AR HAFEY 22 AFH A" A = RISC-V Z2Z A A FojE 7|¥te 2 SystemCE ©|
7] ZpAel A e Jod Asks Fadstr] fsiA &3te] CNN EES A =it A7
A ZEAAC HAstE st=glo] Held At 2 F&3 SystemC 719 CNN Al E#o]H = A
718 MRS AAHIL vk sHARE st=go] A f= tulo] 264 CNN st=9o] BES HFshe
A H TS HFol ZhokEa HE3 Algto] Hol 0 E&4 02 AgE 5 Ut
25257 ol Py s=do] RE £ZEJ
o] RS $3 A& AA AT HAe] Fast 2. RISC-V 7| CNN
=3
SystemCi= C++efolH 2] PFejo] oWlE 7|nk 2.1 SystemC
A EH o)A QEFHo| AR ESLEFEY Z2agy o SystemC AolE o] &3td VHDLGSS <Aoo=
ofolt}1]. SystemCE ©]-&st¥H VHDLGE ©] &3t Qg ARG B4 o] Fddd fElsha,
o o] ERAxgS = AR u B3 £ ESL(Electronic System Level),¢} TLM(Transaction
9 Td& A A A A S frelskaL, Level Modeling)”7]15+¢] & o] 7}53tth. SystemC

-30 -



2020 220! FAItE

=2

I:II-EEHEI

=27 ®M27A ®23 (2020, 11)

= 3= 848 REE AT 4 Qo BE
2 ANERES 7 F Y BRELS v 5334
ol ZE2AA P97t T, BE YRole ZT2AA
e 2Y=s 7HE 5 Y SystemCis SFE=9
RdgS Fast7] witol, SystemCe| AlZHa} 5 A
o 7z} RES ZyHow FAd FIdHT. REIF
ZEAlL Bus % Channelg 34 dHolHE £
Ak 5 Qv oy 1& REY BE 7He Channel
S o] 83k Socket F219] A& E4 3k Aot}
iniiator Target
socket socket
Initiator » Router
(28 1) SystemC Socket E4!
sc_port
(19 2) SystemC Port E4I

(71982)2 channels o] &3 W22 #H datas
GAFE W2o®  SystemColAE & ZE U
channel& £33 Wi EE7)8 dHolHE Fuut=
tl. Router EEY busE o] &3l HolHE
MEMORYZ%E 714 %1, 1 & 2 REL BT

channel& °]&3F TS shry,
2.2 RISC-V VP

SystemCZ ©] €3+ RISC-V 7]4F CNN A] & o]
HE F337] HslA 7]Ed SystemCZ FdH
RISC-V Virtual Platform(RISC-V VP)[3,4]9] CNN

EES Fd3AY. RISC-V VPi= RISC-VEY #&F
W18 Virtual Platform JE|Z2 Fd3gF SystemC7]
Hh 0 EA Fsol, HAAQl FRE 19 39
Uelhd vie} Zow 7 BEFELE SystemC ZEZ
dxo] vt 4 EEY VTS v #Zrh

-31-

RV32IM CPU core &2 RISCV-VP 32bit CPU
coreE 783 Ao]a, CLINT(Core Local Interrupt
Controller)®}  Memory  Interface® X33k},
PLIC(Platform Level Interrupt Controller):= core©]
9] 9 A=  HEEo|th
Memory E&-2 DRAMY} 22 WxEgE ZAYS
EEoltt. BUS SystemC 2 Version9]
TLM(Transaction Level Modeling)& 7]¥to &
A¥ bus &4 ot} & EES BUS ¢4
= CPU core? Initiator SocketS EaiA A A=
Addressd 9o 3T = Target Socketol

O
as
BEI} FAL FAw

2=  interruptE

= o
a2

=
L= L

)
CLINT
CF'?L\J/SCZ(‘)MRE MEMORY
MEMORY
INTERFACE
L
DMA
(79 3) RISC-V VP 2 & Fx%&

23 CNN 2=

& ol¢t #Zo] 7]E F4¥ RISCV-VP EE
o] CNN &S F718t9 CNN H#do] 7}&3t ot
9o AEdolHE FASAT SystemC 7]RFS
2 A7Ag CNN EE9] AA FA=E 19 49 2
o}
conZCPIPE
/ CPIPE DONE A/
ROUTER
=l /
\«
(Z¥ 4) CNN 2F T72%
RESN AAHeR Adss sEoE Tzt
A ZFF7} JqY. Data preprocessing fileol]
paddings <& 2o MEMORYe®] 445 A load 3=



2020 2af0l FAEte

=2

2L 3|

=27 ®M27A ®23 (2020, 11)

Z+3]. Data request : CONTROLLER®| A LOADER

£ %3 MEMORYY dataE £33l 2Fg]. Data
response CONTROLLER”} &%3 datas
MEMORY<l A LOADERE %3 ¥AFE= Z4l.

o

Ris

AN A}

CPIPE : CONTROLLER®] data® Convolution
S sl== 2%, APIPE : CPIPE
pooling, activation |+ 2H4.

7t HEe] 7]
REQ®4-E d|o]E
MEMORY Z 5§ 1 HE
stk DATA+= CNN ﬂtoﬂ
bias#t< b_addressell

input, weight,
<73 CNN_MODULEW %
oA &3t cached AAFAFE TVes HEE
th. REQ= Z a3 dolHe A, HolH A=
b_address <} m_addressﬁ}% H o st
ROUTERZ dlo]H 83 &
CPIPE, APIPE <%
%3 MEMORY=
REQ REZHH
ALks FH xlgstr] 98l
CPIPE & &l
Con2CPIPEZ H-H
Arks st
CPIPE_DONE®| #
258y e Adis
cache | =34
2 S o
Con2APIPEx= REQ EE=Z5FEH A3
o} APIPE7} A4ks $H zl8dstr] 98|
olE]E Wrol APIPE R & A
APIPE:=  Con2APIPEZ %-H
activation¥} pooling A4S F 3 &}+=
5% ANE APIPE_DONE®I]
APIPE_DONE-> APIPEZHF W&
cacheol A%}/ cache & o] 3 2
£ %3 MEMORY® A& 2743t}
Hejdol &3] AR EHE Dog AHRS Al E ol H
AMS Fdrh ¥ 5% 2 =i CNN EE
oA CPIPE E+&<& ©]&3% Convolution
g AH Y olmAEolth. IFelA K
npel zro]l AFAAAQl AWFAHol FAHE A
3 4 glomn, Weightgtel Al wek CPIPE
outpute] WA W37t AsHA o] FolA = A& &
P 9tk 19 62 CNN E&

Con2CPIPE+
& =m, CPIPE7}
golelg o}
E°|t}. CPIPE=
1254

convolution
T5 7

T A3 E
CPIPE_DONE<¥ CPIPE
cacheel] #]%3lt}.

& %o & %3 MEMORY

N

_—

KN
=
z
3
2=
T

R g

o

°|

l-‘O

=
-

==

% Activation

(S A < A | G A A

et

-32-

1=1}
=

Leaky Relu
o Ans e
Aol Ao A

g gAg

A Ak F83st= APIPE REEA
9] Activationg FdstA € A
loltf, ol Re vhe 2ol

| aoluh ApRlo] o} 97

Kol
=

Pooling <
12
Al

o>' F:E

k7] o
o},

R

RS

(¥ 5) CPIPE OUTPUT

(¥ 6) APIPE OUTPUT

3. 48

AA AFEY 2 oT 2 Eufd #AFE A=
g Bl gAY AzgeA s gEr] ZA A |
dd dAdke s8] A8 sk=dlo] Held At
715 AA 2 FEstal vk sk st=so] A
2 TEE Aol Avsal HlE Alzte] "ol &



2020 222l FAlstewEl 3| =28 M273 H[2= (2020, 11)

SystemC% 7] ‘ﬂii 51} ESL
wde  goln  RISC-V Core®t A% 3l

[1] D.C. Black, J. Donovan, B. Bunton, and A.
Keist, “SystemC : From The Ground up’, Eklectic
Ally, Inc.

[2] A. Waterman, Y.S. Lee, and R. Avizienis, D.
Patterson, and K. Asanovi‘c "The RISC-V
Instruction Set Manual®, Volume II: Privileged
Architecture, July, 2016,
https://people.eecs.berkeley.edu/ krste/papers/riscv—
privileged-v1.9.pdf

[3] Github, RISC-V Virtual Prototype,
https://github.com/agra—uni-bremen/riscv-vp

[4] V. Herdt, D. GroBe, H. M. Le and R.
Drechsler, "Extensible and Configurable RISC-V
Based Virtual Prototype,” 2018 Forum on
Specification &  Design Languages (FDL),
Garching, pp. 5-16, 2018.

[6] NVIDA, NVIDIA Deep Learning Accelerator,
[Online]. Available: https://nvdla.org

[6] OSCI, Open SystemC Initiative (OSCID),
TLM-2.0 User Manual, Jun. 2008.

[7] F. Ghenassia, “Transation-Level Modeling
with SystemC : TLM Concepts and Applications
for Embedded Systems,” Springer, Nov. 2005.

-33-





