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Performance Evaluation of GPU Computing with OpenCL
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Recently, a new open programming standard for GPGPU programming,
OpenCL, has become available in addition to CUDA. In this paper, we quan-
titatively evaluate the performance of CUDA and OpenCL program. First, we
develop some CUDA and OpenCL programs of almost the same computations
and compare their performances. Then, we investigate the main factor causing
their performance differences. As a result, it is shown that the current OpenCL
compiler does not support several compiler optimizations that are used in the
CUDA compiler. Our evaluation results also shows that OpenCL programs can
achieve comparable performances with CUDA programs if the codes generated
by the OpenCL compiler are manually optimized in the same way as the CUDA
compiler. Therefore, these results suggest a possibility that OpenCL codes sim-
ply translated from CUDA codes can achieve the same performance with the
original CUDA codes if the OpenCL compiler supports those optimizations.
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1. FC&IC

WA, EAWREH 7142w ¥ (Graphics Processing Unit : GPU) ORREIC KD, GPU
Z LB LIN O ETRICISH 9% General Purpose computation on GPU (GPGPU)
EVSBEEMMREENTWS. GPU ZFIHY 27005 LTHS GPGPU 717 J LE,
GPU OFOEWHERE I & AT UNY FIEZFIHT 32 & T, A at v (CPU) O
AR AN TEOCEFEMEREZIEZK T 5 T EWARETH 5.

2006 fFic, GPU ZHWTm 7S L2 S %L LT, NVIDIA /*5 Compute
Unified Device Architecture(CUDA)® MR E T NIz, AMD & AR Brook+ &
VT MY THRBREZRIEL, T TRRRARRSS AN EERE N GPU Tur'5
SVTDHBNAS I IE o T, TS ORREREIZHWA T LT, &itdD GPU LTE#IfFY
27075 LEMFETES XSz, CUDA & Brook+HdHWMS C SiBx kiR Lz
SETHRICENMDET, BIMENIE TR SGENRES7DIC, V—Ad— FEHEE
WKHHAT A EMNTERY. HRELT, GPGPU 70/ I LEMARRIEEN—RY LT
WRKICIIFT 2707 o Lekx%.

THUCH LT, NUAKRIF LRV GPGPU Y 7 b = 7 BiEREi & L C OpenCLY
MREINTVS. OpenCL & GPU DA% 5T, WFIELZHNE U TRV N~ KT
TAOXEEHNE LTWS. Z0kY, IIVF 7 CPU % CELL Broadband Engine
FHOMDN— Y =TI U TEHEERLZITS T LR MISATRETH S. OpenCL Z L
TIUT I LIS H T LT, NRIAFT % T LD GPGPU 7175 LZzidid
THTENARELRD, TS LOFMALE, MHENEEZLETZ T ENAEETHS.
LML, CUDA *® Brook+ 50D AR Uz BIFERBE & L L, N> HIEKAFOH
SALMMTHN T % OpenCL TIHIAFREAMEREIC DV CE mANICHHMN U 728 SRId it S h
TV,
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T, CUDA & OpenCL D745 LOEFIREEE TRINCITHMES . £,
FIFRZEONHETTS CUDA & OpenCL D775 LR L, MEEREKTS. &5
IZ, WMEOMREEZLE L 2 EWHZ NI 5.

2. OpenCL DHIE

2.1 CUDA & OpenCL DB

CUDA &, 2007 4FIC NVIDIA 2 & » TRMEDBHGEE N GPU Y 7+ x 7%
REiTH%. CUDA ZH WA T & T, GPUICKH L THiIEAD Application Programming
Interface (APD ZfAWV3Z &7/&< GPU ETEIfFd % 0o Lzitlhd % 2 & AV AfHE
Y, GPU DFOMWEERENZAZCHHT % T L AREL %%, CUDA & GPGPU
TGS IV TORBICKESHBIL, CUDAIKKS> THRARTa YT L E N5 &
21275 > 7h, CUDA & NVIDIA ## GPU OAICRMEET N B ERETH B 7z8Ic, OS D
HERGBE S L THAAT N BTN D > T2

2009 4T Apple 1A 5 B OS MIFIC GPGPU %2175 7 O BREI 2 fEHER T %
TEMRELEIN, TRV R LEW GPU MY 7 by = 7HFEREEE LT
OpenCL ZMERE N7V, OpenCL W 3 S CildE NIz 7 05T Ll NVIDIA O
B2 5T, itk GPU RUWFPLEE Y R 7 L ETEYR— MBRREINTED, BHEECH
FIRMEICENTHARE TH S. OpenCL IEFEBHERICE T CUDA &XNGT 2877 2+
B, CUDA 7075 22T THIG LR Z IS T 5 T EWAHETH 5.

CUDA & OpenCL I3 IET 20 NEN—)TT, N—FRI 7 7—F77F v D%
kDX CUDA & OpenCL TIE#ETEAZ->TW5. CUDA & OpenCL ICEl) %/—R
T T —F T FvOMER B 1 LR 2ITRT. TNHORNSDNB K HIC, OpenCL
IZld CUDA 7 —F 77 FvICR 5N 2% GPUKEDT 7 AF ¥ HOF ¥y ¥ a AEVIE
HESNTELY, KONANGN—FRY L7 7—F 77 F ¥ Z-REL TV 5.

3 1C CUDA & OpenCL O thread FEEICRET 2 %X %Z "9, CUDA T, thread
WL DOWEDTE D% thread block &M, & 5IC thread block ZHE&H 7z & D% grid
LIES. F7z, CUDA Tl thread #3719 B, 1 DD thread block PICIHBUWTI/N—
R 7 ERFICUEE X NS thread set WERINTIED, T D thread DES % warp
LS.

OpenCL Tid, CUDA ICH) % thread & work-item &MECF, work-item Z U< DHEE
7z & D% work-group EFELR. T D work-group A CUDA ICF1) % thread block 16 S
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x1 AEVKE
Table 1 Memory hierarchy.

7 7 2 AR[REHAL CUDA OpenCL
per thread / work-item

private local memory private memory

per thread block / work-group shared memory local memory

global memory global memory

per grid / NDRange constant memory constant memory

texture memory —

9%. ETHIT, work-group ZW < DEDHTZE D% NDRange &£ M5, T D NDRange (&
CUDA IZBIT % grid I g 3. 2D &SI CUDA & OpenCL Tld, thread BEEICIH
JBEBEEO/FN IR S 720 T, 1M U thread BEEEEREL TV Ebh %, —
J3C, OpenCL 2l CUDA IZHIF % warp D& 5 HHNIIFEFEET, KO INHNES AT
LICHETEBEZE > TS,

% 11C OpenCL & CUDA O ATV BEEOXIGRHRZTRS. CUDA Tld, #% thread I
XL T, private local memory BEID B THNTWVS. TOAEVYFEEIZE O ETONE
thread DA T 7L ADARETH 5. % thread block X L CIX, shared memory HVE|D
LB TH5NTWVAS. shared memory IC7 7 EATESDIE, TOATVEKICH DY TSN
71y 7D thread B 5DHTH%. global memory IETNTD thread H'H 7 7 A
TE%. T5IC, CUDA TlkF vy ¥ 2% A7z constant memory &, texture memory
MEHEL, EB5ETXTD thread 57 VL AR[EETH B.

CUDA IZ3U) % private local memory (&, OpenCL TlZ, private memory IZHf)Sd
%. ¥£7z, CUDA IZ¥!) % shared memory &, OpenCL IZ3) % local memory IZXf)&
9 %. global memory l&, CUDA & OpenCL Oifi/5 CRICZFTERINTWVAS. [Alk
IZ, CUDA IZ$F % constant memory IZXfIind % AE VK E LT, OpenCLIZHBWNT
&, constant memory EMHIN D X EVTEEMNFET 5. DX CUDA ICBIFEAE
VE & OpenCL ICHBIF 2 ATV BEEICIZILESHAZAENS.

CUDA & OpenCL ICHF 3, H—3IIVDIAVISAIVFEDE N DOV TIENRS. CUDA
Tl&, —x)VbOa— RiFBHMca/s1)IVENS. —J5C, OpenCL Tl&, H1—3I)LD
I—RF7Tm 55 LOERFRIC Just-In-Time 27345 (JIT 2234 F) ZHNTa Y
ISAIVEND. 2D, OpenCL TEH—FI)VD 81 JURFHID T 0 F S LNOFRITHE
FCEEND T8, T A)URENCHIIDFEET 5.
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2.2 REE@MR{EY b7 —FT7 U F+ Parallel Thread eXecution (PTX)

NVIDIA ##10> GPU B\ T, GPU ETEfFENS 714 T Lid Parallel Thread
eXecution (PTX)? WS HO—REHWT IO Y S LHIKERENTVS. PTX &
RISC Il fd8 @ty v Th Y, EITRHCE T RS AN K> T GPU DHEMmH1 v
MCZEHLE NS, NVIDIA BMEM#E9 % CUDA XU OpenCL Tid, Eb5EHWISEE
TE GPU L THITEINDO— RE PTX ICEHENS T2, I—F )V TOMEEDE
WE, aVSAINBEREND PTX 2R 2 L THNS T EAARETHS. B4 1
PTX OfEDIZE LY T by 2V Z/RY. £7z, OpenCL @ JIT J2/314 513,
PTX 5 GPU OEMANEHT S L& RETH 5728, OpenCL Tk PTX ZHWNT
=3V Eidib T B L ENEETH .

3. 1% 8 ¥ @

AHITI, OpenCL BXU CUDA TRESNIAVTFI—=IZHNT, ThZhDOY T
b = T BRBREIC DO WM 21T .

3.1 tEEEFMIEIRIE

FHIIC X 2 FEHDONR Y F—T 2y R EAVS. XVF—T 1y hDO—DHIZ NVIDIA
ML T3 OpenCL 3K U CUDA @O SDK @9 58> N 7TarS LTths. T

*1 NVIDIA A9 % OpenCL TlE, Z—3)Va—RIZa /84 Fc&k>T PTX IZEHENBH, it hE
#£4°% OpenCL TR & 2R L GPU TH5 L LTH PTX ICEMEINE T LIIFFEN TR,
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DY TITT S LR, EANGEEMREZR T 272DDONYF =T DFENT
BD, KfETIE, OV TasS LM S CUDA & OpenCL IZ 3BTRS
THEEHGRT AR 70 7S L2 RY, Th5Z2HW% C & TRz ERMICHIRT 5. &
ST, ATAIREOEBMEEZFIT % natrixMul &, EFAEVU NV FIEZFHIT S
bandwidthTest Zf\>%. bandwidthTest ICBIL T, ZHEENZ I & BAZMTHITA]
RETH-7DT, MEFZMATZOEFREFMZIT> %, natrixMul ICBWTIE, M
RERHISRIFZ A —I1C 9 2 7l 2 AEZ A TV, 15U, Y F v TAEIADT 7
Y 2 751Eh CUDA & OpenCL THEE>TWEMTHS. TOMICBVTIE, CUDAIKE
337 7 AGHECH— Lz, &5 —RlE, HEICHWRITHOT A A%z, KOREKTA
A7ZHWT WS OpenCL ICHDERT ETHS.

9 —DDNVF¥—r+ v ME, Illinois Microarchitecture Project Utilizing Ad-
vanced Compiler Technology(IMPACT) 71z 7 VAR L TV % Parboil Benchmark
Suite® Td%. Parboil Benchmark I& 6 DO 7017 5 L SR ENTED, HTE
Coulombic Potential (CP), Magnetic Resonance Imaging Q (MRI-Q), Magnetic Reso-
nance Imaging FHD (MRI-FHD) I&, GPU MEWHEMREZFRIETE 27 U r—2 3T
HBT. TONVFI—7Ey b T CUDA THRESN TS LIt N TV EH,
OpenCL TIEIN/-E DIFEH TN TRV, A TIdATER L7z CP, MRI-Q, MRI-FHD
D 3ODT 5T LZERT BT OpenCL ICKAE L, MEREFEMIC WV 5.

AREIOVEREFHMIZLA T DY A7 LERETIT9.

e CPU : Intel Core i7 920 2.66GHz

e GPU : Tesla C1060

e Main Memory : 12 Gbytes

e Video Memory : 4 Gbytes

e Video Driver Version: 190.29

e OS : Linux 2.6.18-164.el5 (CentOS 5.3) x86-64

e Compiler for CPU : gcc 4.1.2

e Compiler for GPU : nvcc release 2.3
f#/ L7z SDK & NVIDIA GPU Computing SDK 2.3 TH 5.

3.2 {EAEFTEAER

CUDA B XU OpenCL @ SDK Ic &% N %, bandwidthTest & matrixMul, Parboil
Benchmark ¢ CP, MRI-FHD, MRI-Q OHERHFIAREZR 5 1”9, KTOHTZ71E,

Vol.2010-HPC-124 No.11

2010/2/23

1.2
(7] 1 -
E
=
S 08
K=
3
Q
= 06
o OCuDA
£ 04 W OpenCL
£
=}
2 0.2 -

O -

matrixmul bandwidthtest  Parboil benchmark Parboil benchmark Parboil benchmark

cp MRI-Q MRI-FHD

5 PLRERTfiG AR
Fig.5 Performance Differences between CUDA and OpenCL.

OpenCL THIEINERVFI— I DIFATHZ 1 £ LT, CUDA TERELAVF
=7 OEITREEZERELTRLTWS. K5hHbhs K5I, NVIDIA O SDK T
FHEIN TS CUDA & OpenCL D7 0TS LT, 47 5V)HMEET S APT OH%E
f#5 bandwidthTest &, H—F )NV ZEI—PEHI—FL LT L TV natrixMul T
B AN R 5N, bandwidthTest T, CUDA & OpenCL ORICHEEAZIFRAS
nixwv. —J5, =3V natrixMul Ti&, CUDA & OpenCL TH 4.2 {50 HAHE
EZNRONS. LLEDOHRENS, A—XIVDSDOEICE T 2 API FEUH L Tld CUDA
& OpenCL ORICIFMREREN R O—/T, I—VPERBI— IV TIRIKRERMEREENHZ T
Ebh %, ERNGEIOT S LERT 258, T4 750 MR d 2EANR APT O
HBTHRT % T L3z, BIED OpenCL Tld CUDA EFRIFEDOI— REGRLTE
CUDA VST 2 HRER R T B EIETERNWT NN 5.

JIZ, Parboil Benchmark ¢ CP, MRI-FHD, MRI-Q OMRELLEBHERICOWVTHRNG. &
DRYFI—2TH, CUDAICH LT OpenCL Ic k> TRES N T 0TS LOMEREILK
<, CP TW&, CUDA ICLHARTH 3MEDOFTRIEZE L, MRI-Q 35X T MRI-FHD TId# 19
fEHOFRITRHEEL TS, b0 71 r 5 L%, OpenCL NOBHHRE P 7525 1
ZITo T DI TIREL, PREEE APT BBOZHEFEE LV T> TWiEWIZE MDD S
9, MERICKEGENR NIRRTz,

B matrixMul 1T & % EHlES S & [FAEIC, Parboil benchmark @ 3 DD 7 7 o —
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Fig.7 Performance Difference between CUDA
and Optimized OpenCL.

6 PTX EIEIC & % EITHRR DD
Fig.6 Reduction Rate of Execution Time by
Modifying the PTX Code.

23 VCBVTE, OpenCL THREINZT 1T T LOFENMREE CUDA IR T &
MAS M52, CUDA & OpenCL IZEMT 27075 IV FJETIVER>TED, C
NSOMRERARZ T O TSIV TETIVICEZ DTV, SN S RE0ERME TR UL
NETH->TEH, MEICHREENECTVAERKE LT, KOBEMEEICEN L)L TUBEAN
R LIRS, Wi OUMBINBRN RG> TWAAJREENE A bND. Z T TXEITE,
OpenCL OHEEZKL FE BTV ABIHERZHS M T 3721, AEHITHUW matrixMul %=
HAWT, & SICF R IEREDIHT 217 5.

4. OpenCL IZHITBHREICHT 2ER

Wi Cld, OpenCL & CUDA ICHARTERWEMEEIAEL 7% T £ #23bX/z. CUDA
BEU OpenCLIZBWT, API LNV TIEMHRRICEN TN &0 5, THEEDHE 5 IRk
=IO I— RICBI 2 MEEAETH D LHEIE NS, AEITIE, A—3IVEHOI—
REIVSAOVUIFERE L THNENS PTX O— REBL, MiffiOMRICHE X5k
KEGMREAEZA C BRI DWTELRZITS.

AREITIE, BEOXGE LT natrixMul X FI—7Z M0 5. 175IFEIE Operation
Intencity® D& <, GPU BEVVERERER TZX 5T 0S5 L TH5. TDF® matrixMul
A—FIVDEREC DWW THIEZT 5T & T, HIKD OpenCL IZ BV TEWEEENMFSNT
WEWHHICDOWTHRT 5.

%3, CUDA SiCatihENizi—x )V & OpenCL i Cicb TNz h—FIVEZNE
NOBREETaY AV, BE5N PTX a— REfT L. ZORE, ZIFRCHNEEZR
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WLTWE A=)V a—=REAVISAIVLTWRICEDDET, £ 875 PTX I—FR
MERENTVB T ENHSHhE RSz, TN&D, OpenCL 7055 LA CUDA 715
I L ERIZEOMRERER TERVERIZ, PTX LNJUICEWT, CUDA TRIiThbNTY
% HEs@E{th OpenCL TAITHNTWEWESHTH S EEZHNS. LI TIE OpenCL
KHEWTAERENE PTX O— K%, CUDA IZBWTERENE PTX a— Ricito< &
ICTFEETIEIET 5. BREEIICEIE LIz otREDZ bz B 6 IoRd. TOXKTIE, F
Bl bz i L TRV matrixMul OFATREZ 1 2 UC, Sk ziil/z7 05 A
DFEATHRZIERLL TRL TV,

V=T OO R LIBT3 Rt THBNL—T7 va—0 v 5D 0k, Rkt
W7 — TRt FEDO—DTH 5. FHTERE O — TIUEIC BN T, IV—T7ZEH
T3 ETIV—TDRTHERERA > Ty 7 AGHERZHRT 2 N TER L
I, HitRORDE U TEET 2 AT 7 7 AERAE L TAEY) 77 2 AEHE T
ZELELNS. CUDA Tld, 9TIC 16 ROV —T7ra—Y V7 HEM & nizIkeE
Lixo>T PTX a— RAERE NS A, OpenCL TRIIV—T77>a—1) v IHEHENT
WiEWD PTX a— RAVERENS. TO OpenCL DI— RETFFHTL—T7ra—) 5
T35 k&b, CDUA LRIV —T7 va—1) 7 &N PTX a— RAVERE .
CON—=T77rua—0 2 Fickb, 9 48%DFEITREEMEAER E Nz,

V=TT oa—) T REER LI%O PTX O— KT, BT 72 ABO7 RUAGE
5715 CDUA & OpenCL THEZ>TW3. CUDA B ZEHT 7 A TlE, —EiHE
UTZBECHIDSEEET R L AZHEH IR & LT, BFIOLETET R L ADOEE R
TW3. —J OpenCL Ti&, 3XTOT KL RFHEEMAINITV, EHT7 RLAERHL
THHAEY T 7R R%EIT> TS, CUDA THKI N PTX I— R L [ARRICHEH S
XOHIRZ FH TITo72 & T3, OpenCL filt matrixMul DOFFTRERZ & 51T 40% 55 T
.

PTX ICIFFERNEE M (mad M) BHEIN TV S. CUDA THKE N matrixMul
=)D PTX I— R TX T D mad MAMMEAETNTOEDICH L, OpenCL O PTX
O— FCIEMBEMEEZ, RELIED 2 fif T TWe. EEEIMEORDDIC, mad
ez VNSRBI, MR LA RAENS. CORMbFEz, V—T77va—
Y e @ ROHIRRZ #H U7z OpenCL O O— RIS Uiz & T AE R MERE
m EEAHASNIED STz, KT - 23— R TIREHREDR MLy Zidk>s Thiah o7z
LEZOENS.
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CUDA TiZ)V—T LX) — T DRICBEIT 5, I— T REXOBH) & /XN 5
12 DM E N PTX a— RVERE NS, —J5 OpenCL TIE T D &K S B ITHN
TELY, W—THN—TARERPERENLEETHo . N—TAEROBEE N E
Tiio et & GHE T OpenCLICHEF % PTX a—RICEALET A, T5ICH 20
NFEITREM Z T X .

PLE, OpenCL OV /814 SH4M LTz PTX 2— RIZx U T Tl cHEAN T REL %
WH LIz T3, RITRMZKIEICERT 22 & TER, OpenCL O PTX I— RIZY
N T Db Uiz 5& OFATH %2, CUDA O PTX J— ROSATRER & bk L7z
HERER 7TIORT. K7HRTEED, U ECHEFREETFERIRTEAT ST LT,
OpenCL fiR®D matrixMul DEFHHREIZ CUDA ROIFIFIERE L FIFXEFE L x> Tz,

P EOFERMS, CUDA RO matrixMul H—3)L0D PTX I— Ricik, HEIMICETE
NTVB VL DY OFEARNZ HEsEEFED, OpenCL D PTX I— Riid#H TN T
WEWT EABHL MRS 2. CUDA IV SHREMNEa Y 84 IVIc k> T PTX Od—
RZEHER LTS TzdIC, T2 781 VRIS IEHIFIA EV. 2k LT, OpenCL Tk
FIRRC 2810V 7AT S Tedbic, BHUCRWVRNZET % X 5 G it & Gl b
BRI Z 5N TOBAEENNE Z 5N 5. AFHIFEEREX D, OpenCLICHBWTE PTX
I— RICEANZREE T2 C L2 &k >C, CUDA LRIZEOMREMNERTES T L
MHS MM E ST, 5%, OpenCL O PTX a8 SHRREINBE T Lickb, HIER
INB PTX a— FOMEEMNRENRE S NSAREMENDS. Lizh> T, BE CUDA T
FFETN TS O— R7% OpenCL ICHHIZHT % 721 CRIRRIZE DO PEREZ R T ¥ % AT REE
MHD, CUDA »5 OpenCL NDOMEEBITOMEEMAVRE I NIz EWNWZ 5.

TNBOEM S, Parboil benchmark 0 3 DD 7155 LB B HEREE DK %%
9%, ARFHHICE D, OpenCL @ matrixMul 77— ) VICIZFAMNZ O > 81 T @t T
FEISEHAINTOENT EAVRENTZ. TDiz8, Parboil benchmark @ 3 DD 7%
FSICEALTE, FOMETRERMERZE RS> TV ARAREENEZ S5NS. cPIcBL
T, EBRICENZTND PTX O— FEERLIZE T3, CUDA Tl mad b i
NTVBDICK L, OpenCL TREFIHEEZFER 1[0, I 1 [HD 2 DOMDHTIT> TV
2T WMotz £, CDUA Tl ThbN TV BRI OHIBRAY, OpenCL T
Nk ok, bk, THEERICB W TRONZEZREARTHS. Lith> T,
CPICHBWVTE OpenCL D PTX I— FZ2EIETHNE, OpenCL A CUDA & [AIFEEZDMERE
FERTEZHEENDHS. cPIcHIFS OpenCL O PTX I— ROEERB KT, MRI-Q,
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MRI-FHD DFEl7E T i 5% DMETH 5.
5. b Y Ic

A TlE, BUE GPGPU 7075V 7 THELOBEL UTHHEN T2 CUDA
&, RVEJHKFOF LW 0TS IV VBB TH % OpenCL OMAEZ ERIIC LI LTz
SDK fiHJ@ D4 > 7 )V a— R & Parboil benchmark % W7z PERERTMiFS A 5, OpenCL
& CUDA TR UL S5 U 758N i O DI HEREDME K R B A 5 5 T & HVH
EMEoTz. SDKIZEENTWVS matrixMul 71—V DWT PTX I— REMFT L7
#59, OpenCL Tld PTX I— RAERKHCEARNZ I 31 TRGEEFENEHA T T
TNT ENASMCE -T2, CUDA THEHAEN TV A EEETFEZ OpenCL THKENS
PTX I—RICETEETHEM LT3, OpenCL & CDUA TIEIFASDOMEEIER T
EBHTEDHL Mo T,

OpenCL @ EZHER ETHD, Just-In-Time HRNTIIAI)V7EITS T & & RmEEh
AR EFRKICER> TV EEZALNS. SBIAVNNA ITHUEIN. OpenCL THEKE
% PTX O— FICt CUDA LRI AEIRELDIAG T 2 581CiE, BiFD CUDA
J— R7% OpenCL ICHAAHIT 57200 TH, CUDA &I[ASEOMEER IR T E 2 [REMEAVR
hire.

E 33

ARFZEDO—EE, RIFEETFRFZE (B) (21700049) , FRilHEMERIEEHULEE, BXU
HALKE I 00— N0 COE 7075 L 2 A 5 2 7 RA OB EEE I RIS OB
&%, £z, AHEO—EIIRARMRFBSAE RIS RS FHEE H3E [ H E1ERGE
3% 30T VLSI VAT LORE ) 2X3EDTH 5.
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