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Abstract: High power consumption has become one of the top considerations in high performance computing field. Recently, there are
many studies focused on optimizing the system performance within a given power budget. However, most existing solutions are explored
for homogeneous system without considering the differences in power consumption and processing speed between heterogeneous
processors, and therefore could not be adapted for accelerator-based heterogeneous parallel system effectively. This paper first
summarizes the execution model of modern accelerator-based parallel system, and then introduces the power control framework consisting
of two power management hierarchies, i.e. system-level power controller and heterogeneous processing engine power controller from top
to bottom. In the lower level controller, targeted for OpenMP-like parallel loop, the paper first theoretically analyzes the conditions for the
maximum performance given a power budget for heterogeneous processors. Based on this result, the paper provides a power-constrained
parallel loop scheduling algorithm which coordinates parallel loop partition and voltage/frequency scaling for heterogeneous processers to
achieve the optimal performance given a system power budget. In the upper level controller, the paper establishes the evaluation metrics
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for heterogeneous processing engine to allocate power budget, in order to keep fairness between concurrent applications and improve the
whole system efficiency. Finally, the paper evaluates the proposed method in a typical CPU-GPU system.
Key words: heterogeneous parallel system; peak power management; task scheduling; dynamic voltage/frequency scaling
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Fig.1 Atypical heterogeneous parallel system
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Fig.2 Power control framework for heterogeneous parallel system
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A NFELIHRI ZAT T AARTH 73 b BE2S KIS AT IR (5 947). 0 T I KA IFAT AT P E, SRR A A 7] S 1 Ak 2
i )52 R IB AT 4% LU A5 20 TS AT PR PR IS AR B2 nijeeNGVifi (55 10 47).

Algorithm PcPar. Power-Constrained Parallel Loop Schedule.
Input: Peak Power pHPE, Total Iterations N, Processor List R={r;=(P;,Vi,N)};
Output: Iterations {n;} and operating frequency {fi} for each processor set.
1. Set y=max{Vi/PjricR} and p= z NS where g = (Pi/vla)“(afl),
reR
while pHPE>py #/(*1)
Find processor k achieving Vi/Pyx=max{Vi/Pi|rieR}.
Set f, =1, pHPE=pHPE-N\P\.
Set R=R—{r}, re-compute pand y.
end

N oo MW

-1
Set pr :i pHPE, f," = (p; /P)*. for each rieR.
el

®

Choose the maximum hardware-supported frequency f; not exceeding fi* (0<<i<nPRO-1).
9.  Promote the operating frequency f;, if there exists underutilized power budget.

10. Set the iterations n = %X N | (Oi<nPRO-1)and n.,,=N *ZLPORO?ZH
zk:o Nkvk fk

Fig.4 Power-Constrained parallel loop scheduling algorithm
4 TNFERZ BRI IFAT ORI B

3 RGINFEEIAE

RGEWIhFEF B 70 B AR RE IR A4 AF TR 0T B M3 = 3 G848 4R 1 BAT 2502, [ )
JET] R R CRAIE 7R N FH ) (1) 28~ 2SSOSR FH AR R 56 (1 3R G 0 DR 4 TC S g6, 1 T 7 26 A 4B R 7 R R IR VT A
J5 i, B 1 Jo 4t HPE [RRRBE DA J7 2.

IR AT 1) 22 38 FE 7 B N [ (1 F2 R E AN B AT 30328, D81 e B Al T LAAE B0 5¢ B 1) 3 4 $ (billion  instructions
per second, f&j Fx BIPS) 4 ik HPE [FIPAT 18 5. 75 B S 1002, B T AN A 2R B ) Ab PR35 B AR 138 2 SRR R 451
(instruction set architecture), Al ot B 82 LU BN [A) 2R B AL BR 2511 BIPS {E AT 2R A 70 ob, BT & 2 4 sk 356 44
(GPU Z8) (Wi AT #E & A — 4k 2 E AL B8 (CPU) R 2 70 7] — JEHET & HPE (W3R AT Pk g.id HPE Y CPU 197558
4 Kk BIPG, A v 3 et A - H s A PO AR Y 58 2 45 (9 40 M7, Wl AR A5 3 Kb 28 R 2 ool 0 2 24
BT3B 47T 0 28 T B AT 3 B, 2 8 A vo M vi(1 <k <<nPRO-1), AT 743 Jin 38 ¥ 1 45 2 45 75 58 1% 1 35 4 %
BIP=BIPoxVi/vo. 1] HI,BL A4 HPE [ & 4

bHPE = BIP, x >0 v, /vy,
L nPRO 7 A4 Ab 3L 5 | 45 v 40, B (1 R 2 B i

F TN AR B BT B A IREAE AN R 1R N FH AR P BB & A AH TR BIPS, IRt AR Y 4%t BIPS fH 7> R4
IHFE, 23t G o R B A BN BIPS [ FH AR 7 B PAAT B 1], 3 DA GRAIE H R AT 55 0] 1) A~ 5 S0k [ 7]
PP R PPl g VAR (), FRATT LUAH O HRAT S 8 Rl P52 R AT AR AR AR O AT 8 5 SO M %~ BIPS 5 i s i
T BIPS ¥ LbAf, B

rbHPE=bHPE/bHPE",
Horh bHPE % 7R T 7 Ak B 28 I 3B AT AE St i % N HPE 19 BIPS {40105~ HPE [IZhFEk pHPE, NI AE &
SR AR AT R 5 TG A 1) LG e B

eHPE=rbHPE/pHPE.

R34 HPE (BB A SERE b, B ke B IhEE Pyys 3% HESFEFP I 8K 8 LE A L4 24 HPE, BRI MBS 26
A HPE (M8 ThFEN
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eHPE,
HPE,

Z Ej(F)’E*le

PHPE, =

sys?

Ferb nHPE D RGO R AT R 7 £

AR L3R T FE 73 C SR, 2 S8 2 DI REA2 % LA 52 (10 4 30 T SAAT DRGSR, BIRR AR 24 . FH R e A i —
APEB I IE AT 20E eHPE;, 45 & BT REIIFELAI W Poy, VLA N I FE PP AE R — APl FE 391 (0 DR 2931, JF
i 2s & — P IAEFE I 4%

4 HWITHE

A3 LA Intel Core 17 920 Quad-Core CPU 1 AMD 4870x2 GPU ) B It 4 2R 48 St i &, Rk R 4 5
B E S W 1, EAHEER.

Table 1 Experimental platform

1 WAra
Processor Intel Core 17 920 CPU AMD 4870x2 GPU
Core frequency (GHz) 2.67,2.4,2.0,1.6 (4 levels) 0.75, 0.65, 0.55 (3 levels)
Memory frequency (GHz) 1.33 (DDR3) 0.9 (GDDR5)
Cache L1 132KB, D32KB, L2 256KB, L3 8MB -
Memory space 8 GB 1GB
Compiler GCC v4.2.1 -fopenmp -O3 AMD Stream SDK1.4, APP SDK 2.2
Operating system OpenSUSE v10.3 x86_64, ACPI enabled

SEBGAE F ( EALFA 4 A E B AR A R, R R R ATT A 1 AN BB A% O S ST FE R . GPU,L I AR 4% 3
AN b B 28 A% 00 A 3 OpenMP JEAT AR BR, % 7 105 5 SCHRR[LL] AP 42 HE 10 S 4 AT R G PAAT I M IR 48 s 36 v 75 23K
T A 21 28 HAT RS B REFD 58 BRI F8 220 BIPS, i H Pl Intel 2 =) He4t )¢ GE T ##5 (performance counter
monitor, i #k PCMIMN)FR15 A SO E RGERIF I R T 1s, b B ATTHE B PCM LIRS g #4471 00 Ak B 2% 114
AT1E L.

S op IS AME HIOKI 3334 DFEMN R (0 i R A ThFE, JFid il RS-232 & [ LISz B Th#E{H, L R B AT
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Fig.6 Sustained processing speeds for heterogeneous processors
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