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Comprehensive Scheduling Algorithm for Asymmetric Multi-Core Processors
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Abstract: This research focuses on the problem of operating system (OS) scheduling on asymmetric multi-core processors (AMP). A
task scheduling model based on linear programming is proposed. Several attributes of AMP factors are taken into account in this model.
Scheduling principles of behavior matching, migration avoiding, and load balancing are adhered as well. A comprehensive scheduling
algorithm is also proposed based on the model. The algorithm has two parts: an integrated workload characterization, which proposes
integrated behavior to measure the global and local behaviors of tasks comprehensively, and an integrated behavior- based scheduling
algorithm, which efficiently utilizes the asymmetric multi-core processors without frequent task migration. This guarantees the load
balance between cores. In addition, the algorithm achieves universality with a flexible parameter adjustment mechanism. It is an algorithm
to achieve universality as well as the first to handle the global and local behaviors of tasks comprehensively. The evaluation on real
platform demonstrates that the algorithm is universal for different conditions, and it always outperforms other scheduling algorithms on
asymmetric multi-core processors (by 6%~22%).

Key words: asymmetric multi-core processor; operating system scheduling; workload characterization; load balancing; task migration

Wt 5 Ak P R s AR R AN IR o, FCBR AN IR B T, s BB 451 BB, TH SRR LAR R S R I e
B 1E ISR Ak 25 % 1) 2 A% Ak B 2 T AR 6T T R 2 A% b B o — 3 4 4R I 0 R £ % Ak B 25 (asymmetric
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single-ISA multi-core processor, i Fx AMP)7EAEKE I B %5 5 14 45 F AR 38 K 1k A K i 3= 0L A 45
VE R G5 FE 5 M BAZ b BB 38 % J 1T 2R, 3k X FR % Ab B 2% (symmetric multi-processor, fii #8 SMP) T AH N4 &,
AREFIH AMP (R PRI 343 S 4V 2R 0 1R BT R T 0T I LIS A Bk k.
T AMP RO SRR — 48 2 R 45 0 AT 55 7] LUE AR [ A% O b IE B ARAT (0 1 A% 00 ] 1) 2 B e 1)
PE AT 25 AEAN R o 1) 58 F R ) 12 AN T §10 4 K R AT: 45 (KT BEPEAT o e fE LS URT AMP (1 A X B 1, 52 B
B ERAE R TG 3T 10— AN DB ] LT A7 2K, A7 LS AT JT DG A3 — L (H 28 U2 T8 % B AT 55 1)
AT 4 R AE A1 A B A B I S TR e A 458 (R AL 1), AS B AR e b i w2 1) R A9 B, SCRR 919 A 2% AT 55 IR AT 4
AIE; SCHR[10, 11 200 T AR5 BIAT A 284k, R BUE 55 5 1% O AN TU T SCHR 11,1278 A BR AT 4 A8 A4 1) [] 1) 36 ol 400 25 1)
5T,
PRI, A SC DA M fig . PP . AT ST E AR, AMP b (R348 /E 28 480 2 ) 0 57 7 S e RIS 23 B AT
M BT N TR ITE . RO RE A N A tHAT O T J8k /S0 A R A7 28014 17 P R D T b i
R R R P U S SR B A 4 2
1) BRI B R AL AR SCHE H AR AT b RO AR &, FH SR 4 45 J3E AT 45 S AR RO VR B O8N 47 o S0 s
F5:@© B 04y A — AT S B m L S A O TLEC R RS # @ i I WO T R S B AR B g A
IR 2 P A v R O, Tl 1 2 R R G
2) HET AT A 0 R BE S AR A AEAT D MR AL A U R R R S RO ARSI R
AT N B IEEE 0 EHAT, B RO A T AMP RFE;@ J7i 3k RS S AT SN R A0, 8 e T R b 28
A5 3T #;®) TR PR 1 49 (1 5 B 3 1
LRI — GRS A 55 DA P R T B PEAT DA, I 60 A [ BR% H #% 38 428 (¥ 1 B2 5595 Linux 2.6.27 Al
Z MU E Y AMD Opteron 2384 b [1SE56 45 JR B LS L e LAt 2 A% AL R3S B BE R & T 6%~
22%.
ASCES 1 AT ) UREAT GBSO BT, 45t R R IR AR R UL B 2 T VRGN R R 2 R U SRR B R S R A 3K
FAERNFE T HE AT N IR T S8 00k B8 3 A 0 T4 R D7 AT SRR R LU o A28 4 T A AH OGRS kAT
G IR AR TAE AT R,

1 ESIAERE

ARSCRIFSE AMP - [R5 1 3R 488 FE 1, 356 2 19 A 3

1) MRS AMAT 25 0.2 5 A .

2) T TR I AR B

3) S D TS BR  $ FE FR he

FATTT Ly AMP L (0 1 25 5 V6 3 1 R 57 2 R 70

BE C={e1,an s} TR m AR I 3 AR R I FSLRE I = (w1 Wi ..ow} T 1 A
ST 0 T 45 1 5 A SCHRL6-8 14 1,445 47 o S B B P 26 (0 (2 G DR b, AT TS 9 14 2 3000090 e B,
) BB 6 45T 0 R 55 24 2647 S 7B 4 I A F 9 B8, 3R G AT 98 . R AT 1L A B
0 R R 5 AMP L (0G0 S5 0 38 A S 5 RGP 45 2 2%/ oL 205 B IE AT (8L e T 0 B
AR 5 2R T R 0 5 B 0 S AR DL A2 — A . O 2 5 L BRI A 45 40 A 24,1,
FTALLS wy SPTRL LTRSS ¢ 75 U, 4,=0. 54T 530 N T B, 5 SR A0 4 43 R e T30 B 4 5535 5 %
B 5 Jo A AT 25 T I ) B B 7 — R E38 AT, B 0T LS B0 46 (1) A= {1, ) TR e LT
B 5§ AL TS8O a AR b T 55 B2 RS2 AT 4 2 80 n, T3 4 2).

B8 Y BRI R 1] T AT 257 0083 707 8 6 T mory, FOE S B ) Tigraion 2 1, T 15 8 PE(3). 2
B BEAE 25 7 8OR AL 0 IR T 46 P ) 2% 2 57 0T 2 K 5 T A 0 R 208 4
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SE TR0 AT - S 33— 45 SO AT I AU B o — 3 24y A 0, B L 97 28 1 e EC A 800 P B I 2 5
a;

4 0 AR BV B 0o HY B2 A T ORI 0.5 | 4 — 4, | =0 I A 4 8 P A R, 2
U 5 EE RS L R I)— Bets b 74T 4T 4 1 935 5 JERF SRR, MU AT 25 7 40T HO36 & B0 6 F(5)
R Y BT 96 4 B MO (OB

P A A5 5 S, A 3R, 35 00 KA B BT 1095 4 B 4R BT T 41
PR 1 F

Maximize Inst,,

DA =1y A=lforl<j<n 1)

i=1 i=1

$a=n @

i=1

Tlotal > ijemory + ijigration for 1< ] <n (3)

S.t. 9 . . ' &
Tlmeij = Ttota] - T]memory - 7j]migmtion>< | Afj 7 Afj ‘ _; (4)
Inst, = zi x A x Time, (3)
i=1 ai '

Inst,,, = Z[nstj (6)

j=1

{ELZ 78 S B P JE IR A5 % K i (e, JL DR 2 T

1) Tiotats Timemorys Dimigration AN S5 K 2 PR 2 AH ¢, HLDSUAN [RVREF P4 558 1M 57, Jo V2 4 A 3R
2) HAESS HIB B AR S I SR AR 12 10 UHs 7 oK K T4,

PR, B ATI R A s TR PR DA 6 2 A ()~ 25 1 (6) T 5 J 1 28 5K

Mmm:ﬁﬁjx4x@m—mmw4mmmﬂ4ﬁ¢—j] ™
AL L, 2 AR 4 fF s i),y LA R A

z%:lﬁmadjzmg$%£2xzﬁmmjﬁnléfsbmléj%én ®)

4 -4 > 0for ISi<mlI<j<n ©9)

@:%mnsﬁ<m (10)

FEF LA bsh i, R R AR R A LT SR

(1) HEAE 552 T 30 5 I M T BeAT b R AE e DU C A% 0 BT ——5 R (8);

(2) WL ITB—5AF©9);

(3) K%M ——4F10).

T ) AE 5 1D DR b S AR AN [ B 45 0 AR 5 2, DA o BV Pl

2 ZEMIAEEZE
2.1 ERHEFERIAE
FESCAERR L 18R 0B AT BN L, 55 7 2 B0 A 0 S B 5 ) A 55,33 2 By A A 1) e ) e s U3 R ke AR S

i H #5 J5 — 2 cache it 2k # (1ast level cache miss rate, 5] B LLCMR)ZRIEAT 55 4T A HRFAE. Ui ) cache 1T g 2 5l 2
gy, LLCMR A2 8 2R IR EUAE 550 )5 — 2] cache S 17 IA) OR 50 i oy 1 bE A3 OB 98 1R 24 [0,1]. LLCMR RIS AT 55 Y
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AE U ) I [ RREE  A S E R vn BR 52 25 T 52 A% 1A% L LLCMR 8 iy A 457 Il PN A7 18 22, DR I T 07 17 S 11
ot LIs47.
2.1.1 AT N

FE55 [94T I R AE 7T 23 B4R 4T g 4545 (global behavior BY average behavior, fij#% GB) I B EAT A R E
(local behavior B{ average behavior, i #% LB, 145 SCHAFR A phase behavior)*™ Hid GB FAT- 4576 34 AN iz 47 W )
) LLCMR % 7~,LB HAESTE M ATIa 47 M BL LLCMR 287 [R] 1, 19 3 B AR 0 [ 4 A2 [0, 1].

P13 AN AR & ——4E AT M (integrated behavior, @i #% 1B), H T4 & i /e —AME 451 GB A1 LB.H:
JESLUTR:

[B=aGB+(1-a)LB,a<[0,1] )

ZH ol T7E GB LB Z [A13EAT 7717, Ho b, gl K, GB B T 22 ) B 2t B S 0E ; oli/)N LB B E B 2
1 3l K A A58 80 T AR ) (9 4844t T GBLLB, o U{H Y R 35 24 [0,11,1B 1 LA[0, 174 HRAR Y .

AR S5 AEBEANIZAT AN LLCMR SR FH 25 1 52 FH B0 80 1) 000 7 vk U 3045 A% 7 VR R AR R JE 56 1), il — Ik 2
JS By AT 45 (0 T AT R, 28 AR A AT 45 A6 M RTZ AT M B ) LLCMR FE 8 25 77 2 £ gl 41 5 00T
AR /IS, AT AT A5 AT RL R o B IS O R R X R PR
22 ETERITARRAEEZE

1B B AT by W 2 AL ) R O S A R SE AT B A N I 1 TR AT O IR LR PR S AT, S A 2 AT
AT R HE B AR E B B U A T B VAT S R AL &M D

Fig.1 Execution model of algorithm

1 SRR AT IR

2.2.1 AT R ELE

17 9 W I WL 5 A 45 3088 10 AT 2T B ARG 58 2 54 1 100 8 32 T ), 224 DA 46 A2 ] i A I A 45 T
AT B

1) AR5 AT WAL EOK

2) WM B .

AT 55 AT AR BB BEYE AOAT R HEL 8L 4k DR RAT 54T 9 S RO AN UL iR, 75 22 59 0 4k — AN DU S R A% 0 K32
AT 3254 2) T il 9 0 87 (R0 AT R A2 40, DA S A b ZE (AT 550

AL R W R

AR AT 5 KA GBI IB=aGB, AT 145 2.2.2 5 Hik i S vE AT P .

M5, R GETTUR LA Interval ms 4 0] B A0 3% FEANMTE 45 ) LLCMR.Ch T il ¥ cache 1144 13 330N, 24T 45 Wil 5 31,
B WAL RS Bk 0 L, L5 1 ANEIBE A LLCMR ANid 3%,

N NBATH BUARE T, 4 BEEATAT 45 388 I, A U7 v F LLCMR (988 30 7 ¥ 5 R LB, X (12) T
N, LLCMR, 2R 5 i N AIRR I B 5 — 2 cache B G2
LLCMR, + LLCMR, + ...+ LLCMR,

p (12)

AT 4515 [ — I8 AT B B, JLAT A R IE 25 A 28 A6 1™ % A5 A L — AN BIME. Threshhold, 132758

Bo LT AT AT S Y A LB [0 B AT M REAE LB, A L — (ARG AT A HEAE LB e A5 F K

LB =
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AL U TR LT ORI R
|LB,, —LB

M > Threshhold, (13)
LB

2 4% I8 4T Wy B GRS R N, R T BT R AT 45 A b, 4k S0 SRS 1A R A LLCMR, 45 H AR Ak N T B {8
Threshholdy, W73 Z M B A2, 0 A X (14) s e B 38 LB, AR ARAD W 1B i, A 3 2.2.2 5k
(I AT R

| LB

cur _LB rev |
— P < Threshhold, (14)
LB

prev

222 EHFESTVE

SCHR[3,41 W, i . A2 P RZ O ALK AMP B AT IR 32 M BE. DR Lk AR SO i AMP HH BRAZ O FEAZ O
PR O 2 R AN AT 31 FAZ 0 R FRATT N — 2B WE I I 25

FRAE A5 1 54 PR 3 J5 T, 5095 1) R A JELARURS 30 BRI (04 45 R 3 B 0 3B 47,30 1B A v 1A 5%
RS BB A0 1 AB AT [ R e T 45 A% o v T 1K) S A 3 f

SRR 2R G005 2 DL R

1) BT PP BT IB AN T I s 4T T8 0 LT

2) A% AT LI S IA 1

SR 2), BT [ A% 0 J T X R 2 R A B 25, 1 7 3 i T A T A R GO 1 6 AR B - OG0
B B ) [ F R

TR 1) AT 34k g A% O AT 55 (¥ B e 1B EL MG T8 A% O FAT 55 I SAR TB A1 0 T 48 s 80K vk de 4 A
IEATBAA: OF 4035 i3 fE A% O FIBAT IAT 45 4% 1B (i )7 HES; 08 A5 BT £ 18 4% 0 RIS AT (04T 45, 3% 1B 1l
THEHEF. ¥ F F1 S 48 DI, O R, TF 1 TS 48 DR R et . 80 IS8T IR 45 80 IB(T) %
ANATSS T 10 1B AR, D) AN J0 P 46 4k

1) IB(QF[0])<IB(QS[0]);

2) ]fe{(l—ﬂ)x]s,(l_lﬂ) xzs},ﬂe[o,l).

Z:H BT R AE I, 1 BN I A ] T 5 A 21 B ORI UM ) T 5V S AN B 4
ARG LMAT S AT 2 iz 1B I HUE 6 [ A 10,114 1B B T S AE DA% .0 B S5ia 47, il 2 A i X
a:[0, A% 0 L AT 45 1 5K IBAHLL; 131 1B AT 2 AR M8 A% 00 L3247, 1 1 2 HP I X 8k o: (18 20 AT 45 I e /N 1B AEL, 1);
XA b A [PeAZ 0 EAESS B R IBAE 180 FAES RSN IBAH] RSB EEZ — AMESE AN LB m AR W T
1) HiZALS R 1B AT IXIE a I B HBAE PR O L AT JEH 8 G 8015 0 R 2 P A A2
2) MR LS IB AL T IX 35k ¢ i B RS20 HIAT AR 3 57 34 0 T 2 A BA S,
3) MIHALS B IB AT IX I b b K SRR A A% O s AT,
BRI R A IR
Procedure reschedule({E55 t) {
if (IB()<IB(QF[0])) {
t—>QF;
1153 i
while (TF/F>TS/[(1-)xS]) {
¥ OF NEMAES TR E OS k;
}
} else if (/B(1)>IB(QOS[0])) {
t—>0S;
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114 335 i
wihle(TF/F<(1-f)xTS/S) {
¥ OS B\ A551E 3 OF L
H
} else {
ITBAEAR S B A% 0 b
if (TF/F>TS/S) {

t—>0S;
} else {
t—>QF;
}
}
}
Pz LTS %0 EIESS
* 1 8 3 ¢ N
0 1B 1

Fig.2 Distribution of other tasks
K2 HARAE S50 A

S PR E 7t 3 S 0 55, L2 T A I BB e M S B T B b L e 1
RHEA T 5L Fh AT 45 1 GB AR, T A 10 LB T A AT 1B (8L S0 SO N s LB AT; FU
VAT 26 3 U ST R R EA B O B 3L LB OB AIG, AT 1B 02516, S04 JUE S BBty | 3 B T
MU 36 A8 T BRI RS 2).

X T M R A TV S8 SRR 4 0 2 IO 1.5, 36 GB AP 4, 24T 45 A B 22 17 LB (AIEE LB
AR B 0 U0 B TR ORIy LEAT AR T B ).

B N R RS RS T BA OS OS FI OF, JL7 IS A%HE ly O(N) ST 0 IF 1) TP S T 5 e
PG 45 TBCE) A AR 3 B LSS0 5 0 2 RO T 5 ST 2 TS AR TE 5 OGN ARSI A7 AT
W LB B G T S0 0 TR 5 3 FLAE 50607 028 {45 P 95 06 BA B0} 10 R 7 0 RS2, B R 230
TFAE 5538, BBV TR R K SRR 56 3.2.2 1516 5630 3 B — S 90
23 SEBEH

WE 1 AP, WD)~ G) FLAR R R, HAEAN R 280 (K AR BEES EARSS AN D T AESTEAE SRR T
HIRAT W4 (PR RE, 5 ZE PR L0 56 S BRI HL .

WA 2.1 VRIS 2.2 IR SR AL T AN S8 o B o T I A S5 (1) R R U (2), s ] T R TR0 (3).
AR A1 S5 B A 00 B 2 45 LU A T NUMA 288 1K) AMPAT 4532 B T4 LR IR ] X ook #2301 (¥4, LA/ 3T
B0 T A% 22 AR AMP I AT B4 #23E 0 (4L, LAl ) 57 8 A5 3 m PR RE. SR 3.2.3 74t T S HUE X
RPN ERAIE A

3 XRESH

31 IBRTFEEHE
AW AV B SR SCRTFR Comprehensive) 5 HASS-SU HASS-DU' Sample-Run!" FFPMRI Linux
Ly 0 1 B 2 1B AT LA AL A Linux 18 5 25 A5 6] b BEES 1 B XS FR 2k B AT Ab 2L
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AR A Linux 2.6.27 KBRS AT Rk £ R a1k,

AR SEI T4 & — 4 NUMA 228911 4 % AMD Opteron 2384 %45 %% . AMD Opteron 2384 J&: % #R & #% &b
FEAS A5 4 A 2.7GHz 19#% .0 A ST DVFS T3 &AM O AR, LA I ARG BR R T 03 B9 1ol o, A
ST 3 A ECE, AR 1A SCIE I S5 5 (o, B) I BEL TE LS 3.2.3 5.

Table 1 Test platform configurations
Fz1 WG RCE

P& (@p i 4
UMA (0.3,0) | M 1 4~ AMD Opteron 2384, JLH1,2 ML LIEATAE 1.5GHz T2 MZLIBATAE 2.7GHz T
NUMAI | (08.03) @FH 4/~ AMD Opteron 23811,4\ AMD Opteron 2384 HAHH 1 MZ0, Hh 2 Mz
’ ATH1E 2.0GHz F,2 MELIEATHE 2.7GHz T
1 4 A~ AMD Opteron 2384,%; > AMD Opteron 2384 HAFH 1 M0 L2 Mg
AT{E 1.5GHz F,2 M LIEAT{E 2.7GHz T

NUMA2 | (0.6,0.3)

A SC IR IEHERR 7 1% [ SPEC CPU2006, 5 AN MR AR A & 4 N EEERE T 0 T IR AL A R A R 85 T
1 e R P HAT A 22 5 0 A LR 3 (I 2):
1) = 5 % 5 (high diversity, fiiFX HD): R 2 NRF 4 VM B8 A8 5 2 MRF A A7t 2% AR 2. 3% 3 MR AR,
2) MEJE 2 5 (low diversity, K LD):A4 8 [ HD 20,15 2 5 A5 Eh e/ 6 3 ANk 4.
3) WA ZE 5 (no diversity, AR ND):ALE 4 N —AEIEAEFR)T L 1 AN IR,
Table 2 Benchmarks
R2 MR

I WL
HDI1 gamess, namd, mcf, soplex
HD2 gobmk, gamess, mcf, sphinx
HD3 povray, perlbench, soplex, sphinx
LD1 astar, sjeng, gcc, libquantum
LD2 cactusADM, calculix, Ibm, gemsFDTD
LD3 gromacs, bzip2, xalancbmk, bwaves
ND omnetpp, omnetpp, omnetpp, omnetpp

BTG AW RAE 52 T — 1 (AT 55 B50K 4% 0 B, LA £ 338 1 A 20 fE B PP FE B0VE B r s AT 3 IR,
BRI i B 1) S (B VR O B8 . > 36 b SR AN B8 P 48 7 5 Je I, FRATT Ak 30 s AT, AR S M i PR S5 1 B 2
2.2.1 TR S S HOH TR FBTBY B SCHER[ 110 2, 4 F2 )7 1) LLCMR BT 12%F, 7T A BB B th
ILFEH 200 ms A& —AA B R 1 B, 8 0, B AT T A SR (12) 1 n=3, A (13)H ¥ Threshold,=12%,LLCMR
SRR [ Interval=200. H SCHR[6-8] 1) 52 56 Z 4 vT 401,24 &b F [l — B Be I, F2)% ) LLCMR 284k LB 4l sk, AN i
It 5%, KL FRATECA X (14) 1 Threshold,=5%.

32 IWHEREH
321 PEREAE AT
3~ 5 T 3 AT A IR A 5 R R] G AR AN IR AR 3 IR A 58 R E) BA R AR AN TR A ()
SPEIHINT 58 B ] (geo-mean). hy T {8 T LG SE 6 45 SR A S L Linux 8 B 2% 0 56 i i 180 kg 6 v 6o S50 10647 01
AGAL B, N T 1 KR SE R RN Linux 5225, 5 WAH <.
TN 4 R AT 4 b
1) UMA P& FEAEEMAHST RN R B 3 s HD R4 I, ,Comprehensive 158 &I 8] Lk
Linux JE 840 19%~20%, 1t HASS-S F1 HASS-D 4§ 6%~10%;HASS-D tt HASS-S h 2%~3%,
Sample-Run Lt FF 1 6%~10%.7E LD #ll i 4 _|,Comprehensive [115¢ BHS 18] L Linux 8 B #% 5 15%~21%,
1kt HASS-S #1 HASS-D % 6%~12%;HASS-D t HASS-S ¢ 3%~6%,Sample-Run t FF £ 5%~10%.
2) NUMAI Bo & T8 Sk AR se i 1 an il 4 B 4F HD ik 4E I ,Comprehensive ¥ 58 8 i a] Lb
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Linux & 2855 16%~17%, 1 . HASS-S Fil HASS-D % 8%~10%;HD1 F HASS-S tt HASS-D # 2%,
Sample-Run Ffl FF W HAH K. LD WX L ,Comprehensive [5¢ B[] bt Linux 1 J& 2% 4
11%~17%, 1tk HASS-S Fil HASS-D % 7%~13%;HASS-D fl HASS-S H 47 K4 ,FF Jtt Sample-Run
I 1%~ 4%.

AH RS 58 J I 1)

& HGI [

P
JG

AHXS

AER 5 I 1]

B Comprehensive [ JHASS-S [ HASS-D [ Sample-Run I FF
1.2 N
1.0 *
0.8
ool Ny i AL |

tETSGf4TE5FTLE5EEEES By 55 EEERE|4R s

EE"5E|SE"EE S CREEeegE|"sw EE|<o” RE|ESSEE

< 2 Tlo = [ S 2 &1 1 S Tl A = o T|o 2 5 7

cn S| 8 @ LT S|E EEE o 53 0/% 8 3 O & So o

5] O 5] Lo © © O O o o5 E O | &n — j5)
o0 an o on) en S o g o o0 ;?: o0
= s 0)
HD1 HD2 HD3 ND LD1 LD2 LD3
L e
Fig.3 Relative completion time on UMA platform
K3 UMA V5 LR 58 i )

B Comprehensive [ JHASS-S [ HASS-D : Sample Run I

T T T T T T T T T T T T T T T T T T T T T T T T T T T
1o N "
°'8H H L | J‘ ”

AL A 1 |
o o S Qe g o] S|l ¥ 2 o

B ELE5TES|FEsEE|EEEEE 2552250 8RE¢s

ES SE|IRETEE|z28RE|2cceeE S EE<2 RE|ESSEE

3 2ol PHlam @@L EEEE 54|28 Zglg 5°3

& o & H°°°° & £ |3 E& T &
= S =)
HD1 HD2 HD3 ND LD1 LD2 LD3
R R
Fig.4 Relative completion time on NUMAT platform
Kl 4 NUMAL & _ERIAR5E BN 1]

B Comprehensive [ JHASS-S [ HASS-D [ ISample-Run NN FF
1.2 N
1.0 B
0.8
0611 | | M

fE2E5 £ E5FEIEE EEEESEELESRSE0 ] IRELS

EE"SE|SE"EEg 285 2222E 2% EE ST REERSEE

8o 2Ll @A LT PO SLIEEEES 3 6148 %6’50 595 0

= S & @ °°°° RS ) s &
= S 50 *
HD1 HD2 HD3 ND LD1 LD2 LD3

IR e

Fig.5 Relative completion time on NUMA?2 platform
Bl'5 NUMA2 & L RGA X 58 B 6]
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