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Construction of Embedded Mali GPU Simulator for OpenCL
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Abstract: The similarities and differences between GPGPU-sim and Mali GPU in computing cores
and the storage structure are analyzed and compared, and simulating procedures and structures of
Mali GPUs for OpenCL are built up to develop simulators for the general-purpose computing on
embedded GPU. Methods to obtain the GPU microarchitecture parameters such as the computing
unit number, the number of registers and the minimum parallel granularity are designed, and
then the GPGPU-sim is configured and modified to construct specific GPU simulators. The
accuracy of the simulator is tested through comparisons of running OpenCL programs, such as
matrix multiplication and image processing on a real GPU and the simulator, and the difference
between running cycles on the real GPU and the simulator is used as evaluation. Results show
that the cycle differences are within 30% for about 70% OpenCL programs with simple
implementation, and the cycle differences are within 30% for about 90% OpenCL programs with
optimization. Therefore, it can be concluded that the constructed simulator meets the
requirements of simulating and evaluating OpenCL programs on the embedded GPU.

Keywords: GPU; OpenCL; microarchitecture parameters; simulator

GPU 3@ it (general purpose computing on GPU, GPGPUY A ¥ GPU 5 CPU 4 % 7 #it

Wk H Y. 2014-07-06,  fEFEMIAr. B48E (1988 ), B A MEE GEGEE) . B Bl#E., XH4&UH. BEXEH
AR5 & BRI B2 By B (2012AA010904) 5 E 5K [ SRRk 2 4 % Bh I B (61375023)
R0 2% H Rt TE] . 2015-01-05 2% B bl . http: / www. enki. net/kems/detail/61. 1069. T. 20150105. 0859. 007. html



$e

B4k, 55 0 1] OpenCL Y Mali GPU {ij B 23 49 22 #F 57 21

BB 1S GPU AR R T4& 58 09 BB 355 /T
PUMPRELA Sk s 7 R, i AR 1 GPU
C& R Z M. /3 A ik AL GPU #k47 il
FHT S RCA B 64 0 52 07 1) FER S, 1 B ARM. A
1 Mali T6 &%) GPU Huj2 34 OpenCL 1.1 #{
0, Xt AFE B 1 GPGPU JF & 3B/ 4 77 5K,
LA SCH # T Mali &% GPU {5 5 2%, DL 2
OpenCL 2 )7 iz 17 1 fig BO 5 72 )37 Ak .

1A GPU 15 B3 i g st

GPU Mk R 45 P g T OpenCL 25 (1 P47
T3 Hir AR GPU IR R 454 457 — BUZ 0 1
A VA PR R RS . AR SC LU R Ab B B 5T 4
H. #% (general purpose graphics processing unit-
simulator, GPGPU-sim) YE N {Jj H % & i1 = fill , X%
HHE AT o Al HAR R 4580 5 Mali T-628 — 2, LA
S LA HAR A
1.1 GPGPU-sim {F E&#4

GPGPU-sim fif E#x M 7] GPU i ] i+5 . & @
AR A58 — 1 G 2848 . th UBC K% Aamodt 4%
F 2009 4E % i, KL NVIDIA iy GPU Jy B2 8 %f
% GPGPU-sim #2417 1 40 (4 IiC 1 2 4. ik %
XF A 0, 2 AL LA e A G AF 45 A EAT TR AR L OF
FEAE T OpenCL #2135 X OpenCL B 5 #Y47 K

145 T GPGPU-sim iy (R 450 . 1158 #
OER AT GPU By IR A7 8.0 284, 45> A% 0 B
E—~ I8 4 £ 4 72 (single instruction multiple
thread, SIMT)ZHg, SIMT .01 35 45 4 AT
AL AR B AR S FBHE A U5 % . 78 SIMT b
& 2 4B R 2 5 80 (arithmetic logic unit,
ALU) BT A 89 ALU $AT A0 [ 39 458 4 DL S BLJF AT
b, GPGPU-sim 1247 1A A YA 36 0 T80 N
() — R BAT AW A7 AL T AP Al o 1 — R A N
[0 B (DRAMD 4 843, B AZ O 5 4N B 176t 7%
T 3 AP EL IR ) 4% SR A O

[ SIMTEBLRE — | FEbE
20T SIMTR D T
SIMTH; /0 % b =
SIMTE SIMTE >

BEAR BREAR I :
% E :
A A & :
. o fai 5
(EH AT | (FmpE]|| RIEE
— L] [|ERRAM

1 GPGPU-sim f1R R 4544

http: / www. jdxb. cn  http: //zkxb. xjtu. edu. cn

1.2 Mali &% GPU kR4

Mali 2% GPU F= %53 Jy i+ 50 4% 0 FUAF i 45 4
PIER >

FERGEE R BB 50 Fh T AE 4R . — B . R A
RGENAF 4 TR H . ERGENAF RIS 4 el
725 (] A WAF B B N AF A H N A7 4 Jm) Y
173 55 OpenCL (¥ N A7 BLAR XTI, Horh AW Y
FEMAFAE 2 L A2 OpenCL 1R FE R AS &

15 EXF4: Mali T-628 B35 4% O 4 & —
AR A PR A N — > b B AL PR AR R B AL B AR
128 57 1Y A48 2 £ K% (single instruction multiple
data, SIMD) %5+, bx £ 4b B 25 20 J5 191 P4 g 6% Ak 31
ART3R2MNHAERBEHE. B 24171 Mali GPU
KRR ZEH A R AL,

& A AXGPU
i UE L P
SIMD [ I SIMD 4/§
|| %
[ —g8% — % ZEE
—RERE
A

A A A
[ﬂﬁ][“ﬁ}[$ﬂ][é%] =4
Wi W W R A

B2 ik AR GPU A R 454 i A Al

X 1 R 2, 0] LA H GPGPU-sim A& &
ik i A X GPU K R LM A2 L, GPGPU-sim
WO b R g AR S R 3 R 2, S [ A )
RESZ M4/ o PR AR SO Mali T-628 Hf BB ) 2% 45
LB A 5% L 05 R H N B . GPG-
PU-sim 5§ Mali T-628 $H34% .0 FIAE 6 R GEAK R 45
R E X BT,

(1)GPGPU-sim 8 A4% 0> h £ A4 32 i br 2 &b
PR Mali T-628 115 AZ 0o 128 {3 2K £ 4b B 28 A
— bR A B RS T B GPGPU-sim fj B i F& Fl
TR AT B B

) ZRFAENALE AN, GPGPU-sim 1) —
RZAFAEIN TR AF T A% 08 3 BB W 45 DN 2%
RAE PR BSOS s i A X GPU i R 477 GPU
RN A 1 K 4% 5 A0 AT i R 5C e
BodE . DR 15 O X A A i B O BOHE A% B
PR S AG B — o S

() A1 N A7 1 F7 B A [A] . GPGPU-sim Hp
S Hby YA (4 A7 G 2 — R R A — B, Mali T-628 &
b P FEAE B R RSB A it s — 3. 24 OpenCL 2




22 [ . ]

R

K% 1 549 &

7 R B A0 FH A b N A7 B . GPGPU-sime Hp X A4S
A O 7 18] 42 3R /N T Mali GPU Hh Al iy £7
PP RE U5 R SE IR K (5 LA R A R 20 .
1.3 GPGPU-sim (i ERRBIEXR

7t NVIDIA ¥ £ . OpenCL 1y kernel R % 5t
I 13 T AT 46 2 $h 4T (parallel thread execution,
PTX)EF AR E Mz 3 GPU L #i47., GPGPU-sim
PR bR DL PTX 1 5 AE Rk A 38 2 % Ho A BT s %
AR GPU AT LB B . K0 1 R E
JE R A IFAT BB A PR U 1 98 2 A8 Ak L 1T GPGPU-
sim P FR B O HE AT E R B E . A T
GPGPU-sim 3 #F 5% & 4b P 4% 47 Ve, A ST AT %)
Fi8 4> 1 32 5 4 B L 6 A [6] 19 4 2 43 B AS [\] 19 JF 47
Vi BE L JF R LB R 4R A gR A B B U U B
mAEWE 3 iR,

OpenCL APP
[erp | [ ] o fRSRTE
; '
v
NVIDIAZK Z) FRIEALAE B
! !
PTX SIMT# L
B BB
C/C++4 % 52
Al AT S » GPGPU-sim > BRI R

&3 EUUE B GPGPU-sim fif K i #2

K45 THRA RGN IR . £ GPG-
PU-sim FPH{IN— 48 % TEEEARIC AL 55— D Ra 26
RUERAT HX N B AR ICAE . 7R 7 FL &% 33 47 A, 7 SE Xt
K pRECHEA T B A I L A5 B AR AL AR R AR S X
R I AT G B HEAT I 2 A R IR T S B

| mEy |
B3 2 AR W
REAL B

WM
A 4 ‘ ‘
\1\!2\|4|!8\|w|| ﬁm|
FRIC LA B

SIMT% J¥ &% &

P4 i 4 A6 TN 8 Y DN 0 U AR

http: / www. jdxb. cn  http: //zkxb. xjtu. edu. cn

15T — A BT T P L
2 GPU iR R 45 S BRI

GPGPU-sim 248t T £ 40 (0 i & 2 80, BE 0%
X SAZ O AL A it R G0 B B DL B BT ) 4% A B
HEATHC S . (7 HAR S RBEISS Mali GPU 24—
b O A R W ER . TN IR AR
RS TE AR B Mali T-628 W45 S8, AL 5%
NVIDIA - 31 DUE AMD - 537 () 1 5% 24 1 ok fF
FKESEGRIL,
2.1 HAREHESEIR

A HEIR FEWF 5T GPU Ry HE AR 2 85 oot A
[ ARZ B A B ATHE R, N TR 22, 7 2
£ GPU HIH 7 KRR 4 . 15 GPU 7fERR 7P is 17
B[] P 2 22 AT 0 32 AL A9 B0 A% pR B0 38 17 B[R]
T Je BV ] AR 4 A% oR 509 1 PR B S GPU (1 i 4 45
RATFN T R 5 A AT A B R ., IR 4 S an
1 fi7R (Mali GPU RS2 R XU FET7 s Bl 2 0 .

% 1 Mali T-628 H Riz H 45 3R
- SE S R 1 B
B .
Jili i1 Te [
Float 29 29 29 130
Int 2 2 3 14
2.2 HEBETHE

OpenCL H1 TAE T8 ) 43 S A [l i TAE 4, —
M TAEHTE GPU By — it 5 R oThar i, v L
i 3 B AS [F) T E 20 09 5B SR I T 5 5 0 1Y 4k
H Y TAEH M ECE 1 RIS et B2 75 i $0UAT B
(B 234 R 1~S,S+1~2S, - A 2 J I k6 X
KRR S Bl e 8 H . AR ¥ A
Mali T-628 I3z 1745 5% W 5, nl 43 3 5 #.oT
ol 4,

6001

AT B [8)/ms

200

0 5 10 15 20
THEAHHA

5 AT ] 5 AR 4 B oG &
2.3 HFiFHRHAE

1E OpenCL H, &R T4 I /) 1l s 28 B A7 B AE
GPU &% L iIFA WAEH . Mali GPU BIFAA N A7




$e

B4k, 55 0 1] OpenCL Y Mali GPU {ij B 23 49 22 #F 57 23

AL PR Sy s — o A A ) — TR R RN
FE R o0 10 HO A7 BUE B 27 A7 A0 A W 22 0

WA 6 Fi %, Mali GPU [ 25 77 58 % H 7] L 15
B . A AR 5 I B AR KT A AR
HE B 22 4% (0 1 s A% 8 gl 23 A7 B 3% & 9 A7 1Y L
A WIAEFB 5y 15 i 1] 25 P 3 K iy o T o A
TAEW R KSR A7 2550 H . Bl 6a ' i KAF A7
WECH A 38, B T AE S AT B E A 0. 955 s,
PREF A TAED S 23 A7 4 80 H S i KM A
K TAEL N TAETR £ B 4 8 AS T3 81 o0 1Y) 2 47
AT A7 A POAT IS R 3 K AR K. B/ 6b
T ARSI H I E) 73 B, ATy 8. 833 ms, A
W—A TR R IT N A AR SR B H 290 73 55 38 13
LR 2 774,

4r 201
3_
P (38,0.955) Els L (73, 8.833)
= =
Eab =
& =
& £10
1
0 20 40 6I0 50 5I0 l(I)O 1;0
I Bt A% 2 B H A TS EA
Ca) P AT s 0] 5 1 Bt (D) PAT AT a1 5 T AR
AR BN K R THEL Y 5% 2

K6 A AE s B H M A

2.4 mAINFITRE

ik GPU By e /D& I A7 802 NI 4%
GPU ¥ LA N A TAEWUAE S — 4 5+ I A 1Y 4k 2
M., WRBA) ST IBL—H N A TAETERG A A
XA 533 X T AN R S ) AT D)2 55 3 i
Gy A Z S FEAAT . R /NI ATRLEE N TAR
T e AT 3K — Rt AF SEUE IR B 1T o (R TAE
RN 2N LR bR B 34— A B W i ) 24 T
FETAR AT /AN T N B AT 8 4E AL B W 0FT 452 4F
B X i 2N A TAESB RS 17 864 B 7 E A 2
AT . Y TAEH K/AMELF N N B 3 E A R
YE B Z A $hAT 9. 38 3 AR 10 A A5 2R LK) B 4
fE A FIHAE B BHATIIT o DT H0 W T4 240 K/ 5
/N IEATRLBE = AHAE . 2 TAE4L 2 08 Kt B ik
326 el ) W o T AR B B /N IR BE (. 28D,
Mali T-628 Fe/NFATHEEN 1,
2.5 ZBRFHEWN

I R 7 119 235 T Je 350 i R s [ o 50 e i B T 1A
3t — A A it 0 3 AR o B 4 U ) R

http: / www. jdxb. cn  http: //zkxb. xjtu. edu. cn

ST IR A GE R . T YRR IR B S5 i S B A
ik oy ot
X, = (p+DUL (D

rp X HECH; A iR L ABAKEE; p A
T #% & (4B,8B,12B, ),

YR v A% e AN BT 1 B 2 A b BSOHE Y T
BT B 2 1 s AR R BT B [ ) LG L 2 A
Bt Ik B G A7 B R/ INIE S G2 A7 T B 1Y) TR IR B
SRR B - RUEE . RS Ak S 3G 0 B 2H K/
B s G2 A v 5 A 00 T A0 P UGA B — S AR fE.
P R AT DL A3 Bt G2 A7 v By B ORIV RN
K7 o 7 ORI % 5 6 3R A% 1) Mali T-628 rh 28 17
SERY, MmN T 64 B BF, ST E ] OE H R
A% it 64 BB PATEIHEE 0. 632 s5 % &
TE 64 B~1 KB Z [H] i} , $h AT I [A] e A A% L A LA
ERK/NR 64 B; i 8= 7E 1 KB~30 KB B $iL47
A [) 1E G386 in s AT DAR A2 40 K/ oR 1 KB 24w B8
9 30 KB B, $ AT B [A] 2 1. 030 s5 4 fw £ 2 K T
30 KBJE $A7 B[] B A R AR, 0] DL o — 4> 1 53 5
TN AR/ R 30 KB 44

0.7r 1.2-
2 mivalhaina g et

0.6 arengs
o5 o & (30,1.030)
I}: 1):
g 0.8

0.4

035 500 To00 %% 20 30 50

1w # /B i % &/KB

Ca) fi B ik 3 44 4 B (b) fii B i 1 1 KB
P 7 P I ] R R d  R

2.6 Mali T-628 A REMSHIEE

2E 4 OpenCL ) R clGetDeviceInfo(O) A] L)
RAG Mali T-628 By HEA(F B, A G B 5 £ A5
HRPERRG WS EE S GPGPU-sim 1 ¥EINZ
HUE CH R 48L NVIDIA - £ #) Quadro FX5800)
LA LR 2, B B HERM 45 25 38 (Topology) . —
P B AF 45 ¥ (gpgpu _cache: dI2), — 2% 35 4 & 1¢
(gpgpu_cache: ill) , — 2 20 P 2% 77 (gpgpu_cache:
1) 28R Fl GPGPU-sim 1 £2 43 (1% BRIA MR

3 S M ER M

3.1 WHEEE
Sasdi 3L F = & Exynos 5420 SoC #4 InSig-
nal Arndale Octa 5420 JF M AE NG . 1ER S




24 [ S S R N S SO 14 %49 B
4 Android 4.2, N # A Linux 3.4.39, GPU H k3 4EFEAR IR A H A £ R4 R %
ARM ) Mali T-628, %% .0 ¥ %% 533 MHz, 4 AR T 4 T T ) 00 B 2

A 2 Mali T-628 4k & 254 St OpenCL 27 40 By 100 B 200 B
PR, Quiidro Mali Zfﬂy\ YiUAE B A AR 45 50 50
FX5800  T-628 ik Ak BE AL 8 26 15
gpgpu_n::%ivlstcrs 10 A it R B AR B 23 19 123
(SIMT 7 HHD LR (R Ak I 13 16 140
gpgpu_n_cores_per_cluster ) FeA ) ) . S .
ChigE SIMT &8 B - 4 BB NEARKEBEMNRERE %
gpgpu_shader_registers . [SEESIEES Vel 5300 ¢ S 0 VLS00 2 B
b 16 384 2774 K A .
(TR il OpenCL 800 X 1280X 1920X  2560X
K A i PP 400 720 1080 1 600
18 5
CHLI 3 T 8D R AL i 23 21 21 25
gpgpu_n_mem o ) FeA k5 5 4 3 3
(NEREE) &= .
A5 HOG#ERBRAMHMEEMNXERE %
3.2 MWiKERF HOG 25t HOG #2 & 191 %5 22 iE
OpenCL T 7 B IF & 40 R W Fi - 28 — Fol 80 vk OpenCL #JF 1 280X 720 1 920X1 080 2 560X2 560
F OpenCL SE3E s 55 — Rl 86 6 14 7 & K R 450 AL i 19 23 26

X OpenCL B2 7F #4704k - AR FHF2 )7 M8 AT U .
PRI I 5 2 88 1 9 5 4 3000 30 368 8 Ak i A A S Y
PP OpenCL 7K, 5250 18 H 0 55 FE AR e 5507
SR TR B R A R B A I R B A
TAETHIA B AR v — Ao R S OHDRL BE AR B A4~
TAET A H AR B — A7 0 s 7 ) R 5 A
(histogram of oriented gradient, HOG) 5 fiF $& Bt
TP B A O 2 P R A v E A AR X T &=
FR A0 B Y A
3.3 ZWHER

g AR P E A 09 E B Ve, T S L [E AR
OpenCL B LM 505 BEd LT RE.
AR SR P A BBV O A o bR v L A LR B AT S RS
23R MIPAT B ) S0 45, T B S A R B BB R (8] R T
B AT I ] Kz AT I ) 5 40 3 0 ofe AR O A oF-
s TR

P& 3K ALK 5B T R T AR AR S A
IR LR Mali T-628 - $0AT 1Y Ji] 191 50 22 BE L % 4 — A~
MR P 2817 T 2K,

M S5 R R W] X FARALHT 1Y OpenCL )7, H
70 U6 IR e SR 425 BEAE 30 26 LAY s XAk
Jei B OpenCL 27, Hir 90 Yo i 8 72 e J) 30 45 2
FEAE 30% LA . Bakhoda 45 % GPGPU-sim i# 4T
IS R W B 22 BEAE 30 %6 LA B AR R 7 o B Rk
[ 672,

http: / www. jdxb. cn

http: // zkxb. xjtu. edu. cn

PR g X A7 fith 22 46 v 0 % A I A A i 1) A A
I T M 2 25 40 19 25 M P CR FE GPGPU-sim 1 4
HERERIAMED . 5 B2 GPU Z A1 255 . BT LA AE
B B 0 REL R B AR v, 224 R B R ASE B4 fin #1] 200
B B o X 47138 B 7 ) A0 Ay A R T AR 2

14 ik

A Sci g X A X GPU e A R &5 1 S
BOKEC 7E 8L U B 4% GPGPU-sim 1) 5L ffy b i 17
Tk BT Mali T-628 GPU fij H &% . I filf
M ZFl OpenCL 2 5 48 1 01y J045% B9 T 14 F0 A 2%
Mo 588 AR i — 20 58 38 %0 HAR A i AR et bk
SRR IO % AR A S v i 07 RS

e d

[1] NVIDIA. NVIDIA GeForce 8800 GPU architecture
overview, TB-02787-001_VO01[R]. Santa Clara, CA,
USA: NVIDIA Corporation, 2006.

BAKHODA A, YUAN G L, FUNG W W L, et al.
Analyzing CUDA workloads using a detailed GPU sim-
ulator [ C] // Proceedings of the IEEE International

(2]

Symposium on Performance Analysis of Systems and
Software. Piscataway, NJ, USA. IEEE, 2009. 163-
174.

CTE55 68 50




