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Abstract: OpenCL is an open source and free heterogeneous computing framework, which is widely ué‘ed in architecture
processors. HXDSP is a domestic DSP chip independently developed by the 38th Research Institute of China Electronic
Technology Corporation. To solve the scheduling difficulties and insufficie‘!nt hardware utilization of the HXDSP
heterogeneous computing platform, this work studies the task scheduling system of OpenCL during operation. The
automatic task graph extraction method during the operation of OpénCL is designed, and the classic static scheduling
algorithm HEFT is improved by the combination of the hardware characteristics of HXDSP and the execution model
characteristics of OpenCL. Thus, a heterogeneous dual-granularity earliest finish time (HDGEFT) scheduling algorithm is
proposed, and experiments are designed on the HXDSP heterogeneous computing platform for verification. The
experimental resultsyreveal that the specially designed scheduling algorithm has great advantages in execution efficiency.
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OpenCL T E 4L TAE BRI ASKLEE B T — Fl0U 1
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2.1 HXDSP £#

HXDSP1042 &4 N EREEMK T 2 4> eC104 AP %
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7%, 3+ SIMD Ml VLIW, TAEK A% 0 AR AN 500
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fi 2= 1] b, PP 2 AR 2 M ZE A3 B 5, izt
% 32 KB 7464 cache [ 1536 KB ¥ /7 fiti 25, %
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A ZIEEE 256IKB S 4l A7 fifi 4. HXDSP s 17 i
23 A3 3 G5 — 251 NUMA 77 s S BLE U, FR P T
Vi IR A7 i 2 1) B L S A A AR AR, WX
WA TEFAEAE 28, Nk ROM 7£4#% 458 A1 DDR %5 ).

iR R HXDSP S it B G R A E 1 s
TEfF 458, FPGA R F#% 1 5k DSP hii# iR R,
DSP Sl K4 4 > HXDSP1042 t5 F Al 1 £t DDR
171, FPGA 784 E % &, WA CPU, 1847 E ML
EIFEY, I3 DSP #EAT T A1 DDR 3 A7 HL
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OpenCL f7fif 5 2L B 46 R I AF 2 R ol 4 2
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1536 KB “ZHE A7 2%, BT DL 5 77 6 A 42 = == ]
REANRE A E0 N EL 2 DSP YT, 4% R A7t F0 4 Jm) o =4k
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A7 WL 31 DSP %0 v 1 Z A7 2 4.
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A SR, S22 RO AR S BUR PRI R T
e, LR AT P AR AL A AR A2 ). SR [20]
SR L R A B BA B o A A5 SR AT
Ve, S A A2 53 VRSB O 0 BT AR, X A
7 HXDSP F #4115 ¥ & L OpenCL 1817 AT 5% 1 &
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AL 78 OpenCL S FIAR i h 4K IE %5 1, 155
WS 52 S A48 197 1: OpenCL
{25 VR ST PO AR A 7k, S50 AT 125 00 75 1
RSB, 555 4 450 i 1 2.

3.1 OpenCL {E5EZHLE

OpenCL F% & ) & £ %4 OpenC L 4 bl 1
ERFE . . OpenCL MBS J LU F A A
o5 20 725 . WU 5 HL B iy & DA e 2
L2 IR 5 5, B85 PR IR DG ARG . W4
S TR DUBIAR T (4L 0 25 6 3, P
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H i & ST, 75 QI A & DT SR, 6 5 20
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A BABIAH G 11 AP 4252 4 2 BB B, B AT &,
PR B, B R, 58 A & 03RS 8IS i 4
4% 0 APL YR INAAME(E, 76 APT A 1 b 5e it
e NI R R AT, FeH A 20s BAR A BAT 45
W, BT 2 4TI (155 S

R4 52 TR R 3ot 3 05 5 HEAT
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iy MO S F R AN R [RE R 3 AT HEAT 70 #r.
TEOL 1, i &% GO MF AT B, Ja A BAF i &
X GIE OB T S NS a4, 24 DA B
BN IRASI, A [ & 1248 _EARIFHTI. 500 2,
— A A AEN BAF I T DL S SRR — A SRS R,
X RANF LRI R gt it hay L NS,
P2 A B R I i A 45 1A OB 15 DL 3,
255 S [ 2D i & W3R A 45 A 2 BABIIE, [7] 20 A & i
¥y i 2 B 5 IR D mE N BA I i & BT . £E A 2 A
B O S R B S AR A S 1 PR,

S5 1. A A SR I R

i1 \: command_queue
firH: control_flow_graph

1. if command_queue_type==inorder then

2. for command in command_queue do

3. add edge from prev(command) to cur(command)

4. for command in command_queue do

5. if command_types=kernel or

6. command_type==transmission or

7. command_type==wait then

8. if wait_event_list!=NULL then

9. for event in wait_event_list do

10. command_waited=getCommand(event)

11. add edge from command waited to command
12. if command_type==barrier or

13. command_type==marker then

14. if wait_event_list!=NULL then

15. for event in wait_event list do

16. command_waited=getCommand(event)

17. add edge from command_waited to command
18. else

19. command waited=getExitCommandBefore(command)
20. add edge from command_waited to command

mﬁﬂﬁEM%E%EE%%m%ﬂﬁEM%%
PIAZ IR S8 AL S . OpenCIL P > 18 {ak R BA 31 fef
LSRR, IR AT 98 B A B 5% 2R A\ 4%
)0 P P, Ay Ot R A s A ) B AT A AR
FRAPHT, S HTRE AR GBI S 8L, 245G AR BT
MR A OG 2R, AT P AZE KT G ) 500 2 Fe i H5H A4K
o BT X A AZ S HU S B Y EAT A, OpenCL 12
S & AR BLTE N AR RIS EUB I T b, @
LA 3 Fof it 1506 2 w2 o 0 1 7 i) 77 =X

1) 45 W IZRE I 2 30 bk 25 (e 18 1 75 9 CL
MEM_READ_ONLY, Ut iy & % iZ% W AE R R U5
e BLBR Ay R, 25 A AE 0 R T7 [ 888 CL_MEM _

WRITE_ONLY, W FT 45 i 4 X 1 A 755 S8 1 1] BRR
ARG,

2) & WA 1 2 B bk 23 (e A8 M 75 8 CL_
MEM_READ_WRITE, B iy 4 Xf 1% N 7% G B AT s
5, AR NIRRT 1S BB A 3 — 0 1 € fr 2 X
Z N AT G U7 AR A RSB T read_only,
B AL R 3 e 12 508 1 U7 1] A PR A sk, G S 5
1BHFE A write_only, HS-4 P RZFE Fp 522508 07 1) AL
BN RS, MRS HAEITE A read write, HS 4 Y% HE
PR RO B AT T L %

3) % P9 R PR A 2 0 5 14 0 2
consant, T A B Rt 2 B £ il 2 LS .

A 75 41 70 P SRt b, AR PO Aot Xt P9 1
IV 1) BB T AR 5 A A% AT 25 18] ) B0ais A B G R,
SIAT S B R A 2 R,

B0 2. M5

i \: control_flow_graph
#itH: task_graph

1. for command in control flow graph do

2. if command in control_flow graph then

3 for mem_obj in command_mo_list do

4 if mem_obj type==CL_MEM READ ONLY |

5 Cl MEM_COPY_HOST PTR then

6. input_command=createCommand(mem_obj)

7 add edge from input_command to cor\nmand

8 if mem_obj type==CL__MEM_READ WRITE &&

9. comman%_accessémojype!'57write70nly then

10. for command prev_type==kernel do

11 \ " if command prev_type==kernel then

125 4 if mem_obj in command _prev_mo _list&&
13. command prev_access mo_type!=_read only
14. then

15. add edge from command_prev to command
16. else if command prev_type==input then

17. if mem_obj==getMemObj(input) then

18. add edge from command_prev to command
19. else

20. traverse command of prev(command_prev)

L 7 R STe I 2 R 3 i O I S B, K BN
P73 09 4 AT HERE, SRJE X 4 A5 B oy il 3R 47 B
P, BeJa B S AT HUS R ARG I ] OpenCL K
BUHE B o BN, I Al S50 00 4 B o Bl kAT AR 55
PSR IR AR, K 2 R AT WAL IR 15 20 A 2 ik
155, 1 b B3R HXDSP AT I 8] 14, 14
E R R T .
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Splitl: Split2:
14 433 14 433
51
51 51

Mul addl: Mul add2: Mul add3: Mul add4:
19 269 19 269 19 269 19 269

I
31 31

Merge:
14 281
85

Output:
68

12 OpenCL $EHUERE /> P it % K

4 HDGEFT & &2

AR HXDSP 44 H454EM Open€L A%
RiPE, S 54 1 BESVE HERT, 454 OpenCL 4% 4y
filtte AR, S A 25 1 R FE 5% HDGEFT (heteroge-
neous double-granularity earliest finish time) 5744 XURLE
F L5 T )10 5 TR R R
4.1 HEFT E3%

SR FE SR HEFT B AN IR,

1) AR5 FE R B TSR AME S5 1 7] _EAUE rank,,
MR LA X AE 5515 R 7 HE P, 45 BIE 55 40 BC 1AL 2
GBI, AT R e — 20 A U,

2) 1555y BLb B, k4R AP BR 1) 19 21 rank, 751
BEATAT S5 57 B, TH AT 55 ¢ (E R FAL L3S p; b f R4
17 58 BB (8] EFT(t;, p;), %4568 55 - 58 BT 55 1 AL 2
WIS LB A 3 AR b

HEFT S K A 56 XA & X F.

5575 4 1, 1970 EAUEL ranky € SOM 14 4
173 g BT 5509 A ¢ P BE 28, THE A

rank, (t;) = w; + max (ranku + c;j) (N
tj€succ(t;)

Hor, waR R AT 571 0 i TEFTA Kb ERAS b P X A B
K suce(t)y={1; | e; € EYREALSS T 15 ¢, BG4 mi 4
B EEST R G R RS R, 4 R
H5 5, 1M fore
EFT(t;, pj) FaAES R 1 fEAL LSS p; BT 58
JT 1], TR AR
EST(t;,p;)

avail [ j],

- max( max (AFT (t,)+ cm,,-)) @)

tmepred(t;)
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EFT (t,',pj) =Wi;j +EST(ti,Pj) 3)

S, EST #RHE 5548 1 AER LA p, 1 7L AT AT
I 1FD; availlj] 327 A0 T8 p; F6 52 748 RN, B 45
TR DL AR PR A p, AL PR A e LI [ pred(1;)={1; |
¢ € EYRFAES 54 1 BT IR e, FAE 51 15
£ BRI AL 9%, W AR N1 A, 329ty
AFT(G) FoRAES A 1, (0SEBR 52 IR I ¢, 6705 200
FES45 48 1, SRTURAE 55108 1, HOBIRTFR: wyy RRAT
55T 1, AERLELRR N 5 py L HOAAT T,
4.2 HDGEFT E;xi%it -

A5/ VR S VA 1 4 R LD IR

W) PR L S AN 3 L, S DSP Ab 3
FERRTR— - S5 0F, IVFE %5 TFAAAAT B2 SR AT 1,
SIAH) DSP AL EAIAL T2 AR A, AR5 7,
7E0 5 DSP AT S FIAT, TE T, 44T I 1 B Y,
H4 3 5t DSP AL HER AT I BT, Hig b,
528 DSP 0 5 77 05 TE 1648 3 2 B 0 - 0 £
%, WAIEATIN R G I ORI A B 2 R0 42 1R
YA AT B

—_ T
T,

______________________________

&3 HXDSP fEE

2) OpenCL [FHAT I BLRFPEAE N AZ 2 51 TR
TAE R IATHAT I, TAEH 2 (M3 LR %A, W%
PAT 45 AR T AR 20 AT T, B — AN 2
0 B ME— ) AL ™ A, AL AT AR A oA FE A Ao

3) WAZIAT I F2 1] 23 s A i, B AT A5
FIARZAT 5047 3 AL FE, W8 HXDSP it 57 &
T EIFEA MR EIE (& DY, WTCURBL, B AL
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IS R T L A RZATE 55 $0AT I B0 4 K22 B, B N A%
PAT IR B IT AR, X R AL T AN 2 1
REMLEI, AAM AT A% O mT LU A IE TR 4 .

K1 HEERMEREFINEE
K Bt WERIE  AIEPITIREE WIS HIT
BFIA) (us)  IHTE] (us) B 1) (us) IFIA] (ps)
2000 36 141 224 540
4000 81 141 224 1 080
6000 102 141 224 1620
8000 129 141 224 2160

FHFULE 3 AR, fEKHE HEFT 8 B 5k W
R Ere A AR S R G, w4 1 R 45 R R A 4%

P9 R ATE 55 A8 AR 4R RE b i EAT — AR 55 1 L,

FrHE HDGEFT [ BB B R

N AR5

L AT 551E DSPs L o 2 S

DAESEREE, b

2) (RSB B, AP 5 HEFT S0EAR[H.

3) AT 5553 B B TEAT 25y FL Y BU AR 1) 4y il 45 R
J&, IHT BN E 948, S0 BCAE DSP A3 3 E H 2
1F 55 HAT BT A AE 25 T DSP i+ 5 %85 AT 5%, X% AT
%1025 N DSP 4 L HATHHE M, BTz /e 24
AT AT 55 RAT 56 BR8] 0 24 11 Ak 25 25 2 R BRF [R5 75 /S48
PRECAS, TAT 55 78— AN b FE 8% A R 3047 I ] EST H
Ab PR AT S A] avail FOARKHS TR AT 45 SR ] AFT 4
5, PIAZ o R AR W] R 230 i B4 55 1 B R BAT 58 ik
B[R] BFT 72 A2 5600, AT 52 20 Bl o 5, s (3).

P11t 0 i 7 B e 27 L 2 T AT A 55 0 BE e BRAAE

SO MY B, AT B A L 5E BE — ME S
43 TIEERI% o' -

SCHER [19] #EFE T 1CPU-2GPUs 4244 | ¥ OpenCL
P A% 2 15 4% W R TR 6 i A, 55 77 8 vt A st
HCHRUE B T FH 22 0 A R BN YA T SR S B I (¥ T
17, FIZATHF LT DSPs 2244 b i Al T2
AT BT R R TR S K.

TAEH RN 53 77 TR 2 2 A AR AR
IR — K, RI5r TAE A i sl A7 1077 =X, B A St
EFEXT TAEHIX AT RIS B 4 SRR = 4R 0y, TAE
HERG BAESNME, BB TR ke 47 5, ik
4 ANELHE X GAT LU IR AT X 0 R AF J5 %4> DSP £ 5%
B T AE =518 BRI 4E S work dims, &/ NEE F 4R

ID f#% & global work offset, - AN4E & b T /E I %L
iE global work_size, & N4EE _E—AN TAEZH H TAEDI
R & local work size. AN[FHI DSP &% 4 M % H H) 4
JAmFE AT U1 5, RSN BT R —E b K, A
DSP 1) TAEX BAE 2, Frfy DSP LAEH 1 3 54 Rl
TE B AT 55 73 [H].

T num_groups (2)

=7 S T4
N j /‘: num_groups (0)
e st e | FR A
4 DSP f il Y um_groups (1)
K 1] b y I 1T 17
L EpIF) f num_groupsl(l) —| : Y : nulmig;oupi )
‘/Ium_groups (0) — "
3v¢fk i AR 41 =) DSPO  DSPI  DSP2

K4 =24 T/RHER

PR 43 £ 57— A i 1] RS PR 47— BUOHE, A%
e 43 18 B [ 4 L AT B, 6t B A 1 R TR
PIEA R L, Bt B A AR E). T IR
26 B ST, A B B R — R A 2L
L o A [ 158 4% O ke 4 4 T4 8 B 4 o
Bil. /£ HXDSP 114 245 L, DSP B4 14 R A7 itk
LSt %] DDR {7 4% L, DSP w] #4E [F — A B Ay i, mf
B S BRI B, H 22 5] A% DDR BB 35 4, I
AL G AT L TAEZH A preload-poststore buffer 4L,

FIRIZ A DSP B4 B i v 084 Wiz (R S5 10 iz
AT IR AR AN T i PR, 0 T ) s B 2 4 P
VR 4 L it £ 2 15 7 21 DSP; QU3
JEIRE, QIARAE ok Bt S0 B %, 4 K%
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BB NSO, 45 5115 DSPs S 80t
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[ [ DDR Hdk; $04T PARZIR T, R4 R AE %5 TAE 2
IF), s 52 RE A~ DSP B4 42 R B R 4% AN e 1 T A
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TSR RN, BN TR &S S, EHTE S 51T
DSP #B [ AL & 3% T P RAT 52 WS 5, WARZHEA
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[ [ CPU AL FE %) OpenCL SZ¥-PoCL, 7F H:ILft b
[l 7] HXDSP ~F & #4712 SO 4, Forb7s 24 i 4
HXDSP A K I & T R FE BRI 1T 4%, 7] LLSE K
kernel fE 554U THE. SEIG i L1 2 HXDSP 35,
R AL, AT, AT 55 VR B 2 AT 3 Ik B A A4
SERT RGUSEIL T AH R T RE.

S0 HCHE K F B AL AE B AT 25 B kAT I, i AL
EEEP SRS HATERE T, i, Ve 5 B+
B s H, CCR 1T HIEF L, out degree FRIT55 K
HHFIHEE, ¢ B2 51 ENAESEES, BE R
1CPU it 4HXDSP:

SET;, = {20, 40, 60, 80, 100, 120, 140, 160}

SETccr = {0.1,0.2,0.3}

SETout degree = 11,3,5, 7,9}

SET,= {1, 4} '

AL A R 1) 2 BOR S, R — AR 1 52451
AR 10 ANFEHUE SR, TF 5 5 85 R AR (A,
SIS VE FRFR R SLR A& LL Speedup, AR (48R
At B AT,

1) ARE RS AKBE makespan: i FE S K FESE T H Oy
RURIPRAT 25 ARINFR], 244 22> tH T S, 8 R SR
ST T AT &5 SR ) H 1 B R, 8 SR

makespan = max (AFT (vexit)) 4

2) SLR (schedule length ratio): & i 1K 5 555G
FEAE BT S AE SR A FE A AT I )2 AN L
SLR Jy— T AL S8, SLR 85 50k R R b, i
BRI 1 RACRBRGE, & R

makespan
Zn,-ECPmm min,,jer (W’?/ )

3) Ikt Speedup: 164/ AbIE S 4 B £ AT HT
1155 B HR BT 4T 2077 AR AT T4 2 0, B AR ) i
/N 5 B B K BE B LA . Speedup h— TG BT 52
., Speedup 5 FIF IR AE L, Speedup BEA 2K
TR E R A, B LT

miny, ¢ (Z wi, )
P/ Q n,'EV J

makespan

SLR =

)

Speedup = (6)

5.2 LGRS
S fH F HEFT, CPOP Sk xt b, M H SLR
MUINE L Speedup 1E AV FEFR, SEie45 R an & 5.
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H1, SLR £ HDGEFT AL HE T ARSI T 1, X Bk
5 X R B e L AR RN A HEAT PR AT 554 8,
B E AR T A TP Y
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Speedup
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1 4.47 4.75 0.06
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10 2.10 2.69 0.28
15 1.66 2.58 0.55
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