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ABSTRACT

The current system upon which a variety of programs are in operation has continuously
expanded its domain from conventional single-core and multi—core system to many-core
and heterogeneous system. However, existing researches have focused mostly on parallelizing
programs based CUDA framework and rarely on AMD based GCN-GPU optimization. In
light of the aforementioned problems, our study focuses on the optimization techniques of
the GCN architecture in a GPGPU environment and achieves a performance improvement.
Specifically, by using performance techniques we propose, we have reduced more then 30%
of the computation time of matrix multiplication and convolution algorithm in GPGPU. Also,
we increase the kernel throughput by more then 40%.

FNUE 3 E AFY, AH3, b, 47
OpenCL, Optlmlzatlon, GP-GPU, GCN Architecture, GPU

B 20163HAE Arohsta Wl g A slkol S Rshel S
#* First Author, Graduate School of Computer Science, Sangmyung University(deltahotel93@gmail.com)
## Corresponding Author, Department of Computer Science, Sangmyung University(E-mail: yhkim@smu.ac.kr)
Received: 2017-12-20, Review completed: 2018-02-13, Accepted: 2018-02-20



38 rmAzAY S A A23H Al

1.4 &

A AT o] v w2 71Ee A

= 0], WE| 20}, viy s10]E o] A ¢

1715 @7 o= ddstal QITHl1l]. o]2fdt o]
I

T SAolM = 7= 3] dakE FdEl
2 e
=

N o

(L o]
@)

=

c

o
=
it

_1

ot
I
£
tlo
do
%

S
DSP(Digital Signal Processor), =+ FPGA
(Field Programmable Gate Array), &3] GPU

(Graphic Processing Units)E o] &3l =&
7] 7]gke] g A0l 71= CPU a0
The] AAko R = AJte] o A ALt A2 E
T UG st 2AES] dEAES oEe
Pk AlE ol dolnt QA5 22 9=
GPU®} 322 715717F Ae)d 4= Al dell whet
Za) e e 314 o GPU $4o=

717k Y= Folt14l. 71E<] CPUE 7]
Hto g2 MAAE 22 Fhyog 37}
the GPU tiuto] 2= Aol A &
2 AYPdvy=s 2o §i7] witel, GPGPU
(General-Purpose Graphic Processing Unit)
Sl A 9] s el ek At dAl 118
SOItHI2]. sHAINE A& AE2 54 Yy
9 GPU #H74 St A 9] -5 9 NVIDIA 7
dol w2 upazb opy|ElA 5 GPGPU A
ol B3 ATE AFE JPH 3 AMD Al
Aol GCN op71El A o] ¢k Ad53d A M
A A FHARD el A o] Fo] HTHY, 11, 13].
01 29k 2= GON AlE GPUS] GPGPU 45

S Algslon GCN o718l A o] -84

E8ka GPGPU &89 9lo] GCN o718
AEE oA a3tk 53 duiti= 717
U 7}&7] 22 GON o792 71 285+ t}ok
wlS efe W, GON ob7|El A o] 4

- T
YU Hso

ﬁﬂm

ro HE
H

L

B 5ol

b B =ES GON o e A& 24 8

i olo] wE Asd M-S AStstaat ¢
ok o]5 918 GCN o791 o] 7= 2 s
% 245 E4ska GCN o794 7]ike]
GPU A& A o] 82 = = aa4<l
e 7IME A o] F Aljtel=

fine2
Rl o off
o

=

= o, L = =
S g B2 AYHOT AN, B =
oA Aokeks A5 gel BE G

& vhga} gk Aol A =
@ §70] 5 GON ol7|elA 2]
Y3 pze EAR Al A2l A
AT GON o HAE 7oz A5y o
A

2. GCN o}7| g4

B Zoj A= GCN(Graphic Core Next) o}
] 9 W Fx, A

T
1o
[
rE
ax

-0,
i
o

2.1 GCN OI7|®H F=

AMDOI A 7|ak GON o}7]8lA &= 2011
ZA13F GPUY ulo]a = o}7)elx e} Welo] 3
& IOl 8 SHL v 2k



GCN o719A elAel OpenCLE °]-&3 GPGPU A5&d 71 A+ 39

* Compute Units(CU)
CUE GCN o194y A2 & gdshe
ERA|EA, 2A1E, 4709 SIMD Vector
Units &2 /3= o] it

* Wavefront
glo]uEZ2E = GCN GPU W shite] o
E|H 3l=glo] APz B 4 o) Ad
U A IFE o] HERES] sl uf
EE SR =

* SIMD Vector Unit
7} 510Y(CU) 9k} SIVD W52 16-1ane]
A4 9 5 253 ALU, 64KBe] VGPR
(Vector General Purpose Register) 2
dEe] Sl

/Kernel \

Global memory

Constant memory

Work group

Local memory

——————————————————

: Work item : 1 Work item : : Work item :

i i I i
f ate

\ i I i

! ! |

,,,,,,,,,,,,

N J
(Figure 1) OpenCL Memory Model

2.2 H=2| 74

OpenCL9| "R %= FAH o7 Ao
wof vk WAl Ay Ago] A oR 3
T GPUS| 4§ AXES o &g HMAE AT
ot Tl Al w 2] F3ke] wisgS wXIvh
OpenCLe A AoJstaL gl= 4 vime] =

< <Figure 1>3 #t}.
7k WRg 49s Adetd o 2ok

o« 22 W=y
=24 2= GPU QoA It A2l
RAM3} 2+& g 3
o A5 HEE
5 ME2E)E 97] A8 dlolH = A-8-Hck
o« 24 WEF
27 WxEE Ak tute]z: e A(GCN
tlupo] 2] A9 CUFL e F7HS 714
T ~agA e WEeolth
o Z2to]Hl "R
2} 1 W she] 2] ofolele] 4
Aoz Lfrata gle dxe ot

GCN tlufo] 2% 31l HD79709] ] %

2 ok 2ok 2 A9 g (e ZEA
A)& 32KBe] 27 HolElE 7FA ™ 256KBe]
Zjolul v RE|(HA|2H 9Y)E 7HIth =
grolyl v ejel 27 v Res =eHoRE
2ed 9oy BgHogs e gk AH
st FEl 2 AA QI mee] 74
EI7} &5k 91x]o whet Hof 108 o]
2ol 7} 7] wjio] &&% 0l g
ZZ o] AYATE Fhae F FEg A e

TH1L.



40 FEAAAHGSA A23H A1

2.3 714 =&t

OpenCL TXE S5 T2E9 AY Alol
o] A4 EHTSP =2 Ado] AAbeS A4
st 71d Aol whet B2l tiepo] & U5
&2F gk Wshght Wste] 4ol = Aty of
olgl W #¢] 1F0] 9% So] glomn o]
e A 2] 4, 5718 o

OpenCL WollA 71d 2Bl (Ee= 2y
ol e AA| AyFe FAASL Utk T2
ae] Ad oz HretH =
(Context) Qtell A Aeld 2y &

Z](queue Ob]eCt )7} 6P¢.§— §% 3 5

i
I
Y
»
A
it
fo &
Koy
)
lo,
ol
[
o,
o
> >V = 7
_>.:
>
fitl

o R
A
&
o
i
o
it
L
2
[
e
o,
i

Of
rlo
Q
c

6}‘Jr«l SIMD f3ellA 53 0}521101 &aﬂ
=2 FAgh oI REEE 64719 &Y
ololglg 7]F o7 e A=Y o] W
go|aERE] A7) FFrgojd oF&A o]
m A Yol A slte] go|RnEREES VS
2 FAgh

B oA GON o194 728 B8}l
o) WE A5k /WS A oksl s} s}

ol5 3l A Awol AR AR
F /b4 82 DS o83} AY E4hL B4
j_oﬂ Lq.E H ’6]:/\1 7]%3 Zﬂ ]L}\;]_

iﬂ r&ﬂ

3.1 LDS(Local Data Share) x|

<Figure 1>9¢] LDS(ZA W Ee)E= 224

wmefol vl o 108 ©f weE i ES 7t
A AA o] ZA oAl oF 3uf o]Fe] &
T2 CUs SAlght}s] 58k LDS W<l HlolE
= AAHEol Zhssitke Aol k. LDS+=
T2 CU 95k B4t Anks a2 gk o
o[ElE AAfshH 22 Ad1E e ol ¥
Froll 22Q1ek GON Hute] 2 5 skl HD7970
o] st=glo] HAlE A EH CUS 64KB wH
9] LDSE 7HA a2 9lom e} GCN tjufo] A &
3k W23k A7]9] LDSE 7RI, 7.

Ado] F238k= CU Y] LDS+ A4 o&
E2 AW A4 SIMD 2914 th=2] CU

LMS < Ny« Sizegps 1)

& 2o A LMSLocal Memory Size)= 71

27 w2 Alo]=E YEPHIL N0k Size
Z¥z} CU9l 7hek Hrtel 2 W LDS®| 7]

ekdth A2z 295 A vize]ol
a4 A (1)ur2e] glo]E]= LDS| & &
3%, GON o183 Ujel| A2 B ~3= CU U]
ol g A7|ekEe] A dHolHol vigk A
AA FE BT ol& F3 GPGPU o1&

ﬁ = e



GCN oH19A el el OpenCLE °]-&3 GPGPU H5&d 7IW A+ 41

A
{8
o,
oo
(]
rlo
e
S
=
lo,
o
oo
i

K)
Hie
flo
ox

(
=

FHAE 7 OpenCL Ad E2tl o
Ztol =gkl g AA SR vl 2 A4

9 (1, 2, Bt 39 A A OF BRI
g Stk GCN ol7|elxjo) 4] o] gk
84E dO|BERER A o &

zzeol B3} g ARwE

A [anuiyul

o

o = =1

ofoldle] J4E A A 02 A G35 oF gt}

GCN tjufo] 2 iff go]H IR EE B 29
ST A ofoldl o A
golHZ2ELE SIMD #91& 7]Fo2 A3
5 7] wjol 29] 4Rk 2] ofolelo] 2}
Y 25 o] W =& SIMD o] ¢ES Bt
2 18-S YO|BEIEE A7)0 @d
o] A aFo] 27 329 HiS(32, 64, 128,
192, 296)= YRl 4= 9lom o]= 244 ofols]
o] o Atgol dnht F Qe wet o]E
Aoltt, 2§ 179 277} So|HEZEEC]
a715 Zsid s 29 4 A 24
ofol€lo] th4o] go|HIZE|A F25}7]
ol o]EH o 2= WA SIMD o4& 7t
A AAZE 322 SIMD o85S Helt) o)

A4 e weld Ago] HEdekE S

o
fr
—
o
L1}

golnx2E ] 2g=r} A F e HA)

& AN e AL eI 7S V1=
BE gdaes o 48, dgHes
drpwkEe] Ae@ddel AeAE SlF A
s w49 4§ CODEXLE o3 #2laks
or s vlals A g AR A o]
&5 F s 7leo R Adsithsl
4.1 &8 &4 o MY L09F

A A 37 <Table 1>3% 2t} & 4
Poll A gl B3 A E= GPUS] 2 A3
g 7lEo R St

(Table 1) Experiment Environment

Category Description
CPU Intel i5-4440
RAM 8G / Dual-channel
GPU HD7970
0S Windows 8
Platform Visual Studio 2012
A% EAL 8 FaFE 9D F4 9
AREH F pe SmelES At 9
FAS A% 9 AFY Qs 242 919
wol 2ol W ow Ay|d| o} 47 B
7Vt HA WEsrt sk o] gl



42 FAAANGS A A23d A1

[13]. olnl x| ARFAE A7) oln|Ae] 34l
Fu ANE o ge) WAL Aelt dnalEo
2 olulx) A2, el ol 7)leks Qe
FoRAE wol 2ol1 SIthy, 8l 27ke] 54
& GPU ol A} SIMD #el= #2l€ch

B AEES AR AHEF PP float
dolg el Auradoln] ARTH] 43

512x5612 S (8bit) F gl 77 =719 DoG

(Difference of Gaussian) ZE] S AF&-3F9

(Table 2) Kernel throughput-Matrix
Multiplication

Original |Optimized
code code
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(Table 3) Kernel Throughput-
Convolution

Original | Optimized
code code
VGPR per work item 8 15
SGPR per work item 40 26
LDS usage 0(k) 12(k)
Average work group A8 6.4
per wave
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