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Abstract: Dynamic Heterogeneous CMPs (DHCMP), which provide the capability to configure different number and types of
processing cores at system runtime, dramatically improve energy- and power-efficiency by scheduling workloads on the most appropriate
core type. A significant body of recent work has focused on improving system throughput through scheduling on asymmetric CMPs
(ACMP). However, none of the prior work has looked into fairness. In this work, centralized run queue is introduced and a
heterogeneity-aware fair scheduler (HFS) is proposed to address the fair scheduling problem on DHCMP. HFS algorithm can not only gain
the capability of DHCMP to configure the types of processing cores to match the granularities of parallelism in the tasks, but also keep the
fairness when tasks running simultaneously. Experimental results demonstrate that HFS on DHCMP outperforms the best performing fair
scheduler on SCMP and ACMP by 10.55% in user-oriented performance (ANTT), and 14.24% in system throughput (WSU).
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7] 14 32 475 AE U, AL G A 55 7 4810 D AT ALE R0 8 90 SR AN 2 8 5 1003 5 B0 2 e ) 22 A Ak 3 2% (asymmeetric
CMPs, fi] #% ACMPs) Hi 1~ 2 [ % A% (0 T 530 58 U5, AT 0925 59 I 3 A2 AN [ 0 A 55 7 8 9 AN [ 75 S ™ 5% o L 5
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Fig.1 Example 16-base core DHCMP and its 2 runtime configurations
1 HAT 16 MIEARYHEAZL K DHCMP Ab B 45 755 1) K HoAE 12 47 o (¥ 75 P i

A S M % ¥ 4k 1 2% (dynamic heterogeneous CMPs, fij Bk DHCMPs)? ™ 5 # 4 7 7y £ 4% b 20 28 A [7] 11
A&, DHCMP S T 2 AR ) Pk AR A 59 R FE AR 2 1, 70 AT T A5 i AT LA S I 1l 2 AN i) 0 () B A i ke
I ST P 0 2 i i K T <38 B A X R PE A 75 DHCMP BE 3T W AN [F] AT 45 6] 8 Y5 10 AN [R] 75 SR LS DR % 5 110 4t
PLArBC. B 14 H T —A 16 AN AL 1) DHCMP (1) 88 B4 DL K B R B AL & AN AN P-1 =208, — N
n NIEREA R P-n RoR,— R UL P—n LA n B TEAZP R R TBSE DR/, 1
REAFKNE 2 xzy BLIR P-x BHHIZ S P-y B R AR EE N Z A% DHCMP et 7z 17 id F Hh SE i i
TS 12 58 %, G BT IR I8 R A%, LA B 28 458 Y T AT 55 7 30Re AIE, DN T 38 381 25k 2 1) e R A

SR BRATE 2R G AT 55 1A 2 0 FH I o ) 245 57 ) 22 A% A B8 SETRAT 55 2 - P 18 5 A0THI I 6 5 A 32 28 ) 8.
58, H AT ERAE R GRS P38 2 (0 8 H 7R I8 4T I 2 [ 22 1, 5R F 40 A1 s BA B 2R 8 M AiTis AT AT 55 o0 AR A7 AE %
H A BB AT A A AR, B3 S A AL BB EO e R 1 B A 1 B A 45 07 g 1) 7 A T A S b R AR U — A
IR RN AR LB AT BA A BT S5 NG A0 Kk BILAR KB R B4R 88472 — @R BV I, i T 47
BT, H A % SRR B AL O AT 55 BRI AT BA A L IE R X R A I 5 3 B B A e ) Ak
PRES i d 2w A 0 R A B 25 A% o3 A U S5 A I T4 B, L6 1.

T ALFREAZ OGN Linux PR 508 45 460 58T (1 I6F [r) F 5!

g A b1 b3 By B
e 1A P-252 4 P-1 1 /> P-4454 P-1 24 P-1>1 4 P=2 44 P-151 4> P-4
PN A% B B T84 (ms) 220 640 150 430

I T, A B R AR SE A BAR I AT S AL BEER R AN AR AR RE R I 3895 CPU [ 0AT I ().
BRGPAHMAEREN,CPU 1o SIS [ 4 73 P 4y B A BERE 3R TG 50% AR TR SE BRI A b2 — bR
M CPU W HABMEFE B D AN FF X =4 T AN H AT EREERSA Linux PR 62 A PR ES %
(completely fair scheduler, % CFS)¥F A BE 25481 F I [ 44T 55 IR 56 G F 34 73 TR A AT 45, IE MM 2 1% °F & T I8 £
TARLF ISR SR, A T 45 DHCMP b AT 5% 18 B 1 20 P4 AN AN B 2% 8 Ao B8R 388 1) A5 ) Ik 1) 38 I 1% 7% 1
ENEP e E L il =

A FAT VK ST 7 B3 e 2 AR AT AR BESTEE . HF S(heterogeneity-aware fair scheduler).
T 56, F TR R 4R vh 22 AT B AR A CES I A 11 2341 2Nz 47 BA A1, LA SE I HT I CCFS(CRQ-based CFS)iffl &
Sk B S AT B S B AR B SRR T P A S B A S ) A BB D 2 A S I A A 1) AR AR, ARG R S 11
FEES ARG BATHE R 25 08 e R A 1k BB 1) A~ PR ML IR H 8 1) B A4 e B4 22 B 540 N TR FE 49 HFS.HFS %K
Mg 42 DHCMP _EAN [ SE G I 45 10 A P15 5, 08 T PPAL FRATT IR 500 AR SR F — A INF ks 8 1) T 2 485
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L4 TFlex 21 T — A1l 32 AN A DHCMP. — AN 8 A P—4 P RSB #A% M R 19 SCMP Fl— A4 1
4 P-4 BAZ 8 A P-2 BB ZM ) ACMP. BATTK L HFS,CCFS /% Hy:SE B {E DHCMP *f- & ;&
VAR B 5L CFS,RR,DWRRISZHLZAE SCMP 4 [;ADWRRPISZHLAE ACMP ~F& L.tk T LG 5
DHCMP #HET SCMP FI ACMP £ 4% &5 f It 1t A& AR 4, LA & HFS 7E DHCMP “F & bl 2 P40 & Ak 1k
RO

ARICE 1 W R BEHE I SORAHOC AR 25 2 455 Hh BATTR A 0 4 v 2 8 BABUAL AR, I 18 T i s &
S AL A B AR AR R (R A PR B SR 3 WA SE I VAR S AR 4 T R R S 5 R AT
RS S AT RAR SRS R AR T AR .

1 MRERS5EXIE

MGt R #01 BE, TT RS S 22 A Ak B 8 23 Jh 3 K2 D) E 5 W) 22 A% RIPE BE ) 2 A i 2 4 85 )7 B AN TR
Ak BREAR AN TR (13 4 4,00 000, b — 98 0 A T 17 38 P O 558, 1) g — 948 2 A T 17 L PRS2 D £ o 3, 461 P 72
IS NP A% AR P AN [] PR Ak B A IS R P A ) RO 4 4, Kb B 8 A% 2 ) 1) S ey A LA A
AE L AN TRZ AT USRI AS [ AR B 86 R B v AN a3 T2 5 T RE 57 4 22 A A L T e 57 4 220 A% B s iy & 1 T AN 1)
Ak BRE5 A% R T R AR AN R S B0 AT g RE e o S PF L IBAT I R G v vt 1y RHE, T EL R 1 FE RS AR AN [l B 2 1)
FRIIT R AR SCHIT ST IR SR s 1E S SRl P R 572 400 1 7 ) 22 A% b P 3%
1.1 HEREEZEN

I 4F 3RV 22 0T 97 /N 4 45 TT SR I 9% ¥ T 3 Al 3h 245 5 4 22 % 4k 28 490 41 : TFlex!! Core  Fusion™,Voltron™,
WiDGETP!IX 6 5y 2 57 ¥ 22 4% Ab T 2% BB LE 28 48 1 50 25 1L 8 8 214 iy 320 4 Ab T 28 A% 10 30 RN, Se B g 5
A 1) S5 I AR Ak A8 28 8 30 A5 T e 1) SIS e 2 b B AT IR 30 73S S M 22 A% AR BR 38 T ) SR AN AR AR OB A e ST R ) INS 2
LA (SMT), (A Z AT S5 3R BEAR I 18 1) 2 A2 A 3 s — R R SB AT PR AN R R 2 A% L

FR G T DU O R 2 R A R AR O (B . R, SRR RN ) S S T R I R TG . — MR U
AN (¥ DHCMP A5 A [ 14 A0 A4 J5 v 5 B0, A S0k F IR 2 B AR PE 1Y) TFlex, B THIEEAT fa] L 1K A 28,

TFlex 1 F & 20 H 5 i Pl (explicit data graph execution, &A% EDGE)#5 4 £ DL 3¢ FF i #5 4% 34T 3 R % s &
AL ARG T AL Sy il 15 2 4, EDGE  EZEH P /ML 28 — 45 28 Yt (hyperblock) 1 I 7 P04 T . 4 PR 4% 57 57 K¢
RIFmBEMEZL 128 4382 KNI T2 EE « PR ACHR LA Py B B[R] 422 S 4 o3t 0 A T 56
L R A R R A — N BN I AR A iR A s G T TRV 0 AR HR A I TR A b bk BB R N 1 4R 4 DL X
B e s 1) 5 AT

TFlex 75 AL PEASAAERE R L J3CE T [FIA AL AR RGBT i A2, B AN FE A% ] DAAS) eokr B2 dse /)N 1) 32
B U S RO BE 8 A% DAIT 48 2 G AT VE, ) TFlex SZRFLL 2 HUFEE0AS R @ 45 Aok B Rl — /N 12 4
AT LAER 1/2/4/8/16/32 A FEARZH BN n BB EAE n 5T HAEAZKNIRS RS TE. RS EH.
TR . 5 SCTHN 28 A — 238 A 1B A7 KD,

1.2 ZESCMP,ACMP DHCMP L HiAE Bk

T [ ¥ 22 % b T3 b 20 ST U JBE S35 O IE 9140 . O (1) VA B B3k 0) SOl 8l AR S 9 4030, 1 Linux
WK 2.6.23 2 B WA A# ] f0 8 B 4005 T 78 Linux 2.6.23 LU A FBRCAS v SR F B0 2 397 10 5 4 2 -1 B 4005
(CFS)!" . DWRR & 78 [l #) 2 %1 & b3 h i A PR R B 400X 3 Fhif i Tl S e st h 45 2219 SCMP
T RHETIE.

TEFRAS Fe il 2 % AL PLAS (ACMP) b, D 245 2 Fi il B 5 22 SR L 1 4] 45 3% R F ACMIP b (1 S ) ¥ 5t ik )
AL E RE ) H A HASS! I ok B 4 (10 V1 Ak ok 3145 52 B I FH 26 AN )i b (0038 A7 3038, 2 )i 5 VP A 45 S N 8 5
b (1 3a 47 1 B v . CAMPY 2V i 552 I SR RE K 2 22 47 (LLC) ) R 0 K e s 1A JE AT . HASS,CAMP #fJ2: LU KAk
FRGEVEIER A A HbR R AT U FE 10, T AAE A P R I oK 247 BT /K . ADWRR &7 ACMP L7E% B R
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21 ETFTEHAXBATIAICCFS

¥ Linux PR 2041 30847 B AR b PR S % B — DA MR AT A A1, — Hs A A B
HAZTH SR B AR (AL RS NI, P R4 23 1k CPU-hotplug i B4 4 % 3808 45 M AT BB b & 1 41 T
XL I 2R B ks oK B T . AR i] LU XA A2 A Pl R R AR 3 2 LA D, (Bt T 4E SCMIP Ak 2
a5 P AE B A AR (T DU 2D UL, IR T 3 2 AT DL 2 19 R T, /2. DHCMP AR BE 85 254 1 IR 1 A2 1k
Ko AR H L FEA T LUK 3 22 70 900, 3K U W] Ak b PR A% 70 Al AT 55 BA AR B JF AN BEAT R0t S5 B & 5 # Ak
HE%.

FA DR A8 I AR b AT 55 BA 81 (centralized run queue, i FX CRQ) LA S RFIZ AL £ H A P idt 1 4%, 18] 2 ik T4
Fh A 55 B A IR JREAR TR (1075 5 B AR 0 R 9 i LRI DO 38 38 Ak BE 28 A% L KA 55 08— A S rh s AT A S
HEAT YA 22— AN Bl W7 SR I, 2 I IR AE AR B A% Es AT B A 55 K 2 4% J5 R o3 A sUAs A7 BA A1 fh Ak B A B
0 AR N 1) B 2 50, 4 5B AT BR A AR Ja MR rh sz AT DA 81 v Pk D18 21 9 dee i 1R JL AN AR 55 R G AT BA 91 (O
CRQ H74); AT BAA 7 HROAT: 55K AR 40 B2 2 1 23 BC B30 (B PDPA) U e L S0 A% M T AR A1 J i 60 S AT
RIS BT R 2 B AZ N B0 2 B 32 AR A s AT KR W R R G A 20 A1 3 AT BA B I 2 AR A% A A0 2 A A Kl
G e Y S 1A LB ZE 47 T A, SCREAR P RS 2 23 S 530325 S DL B U5t Ay e 0 2 T 38 380 B sy (R P /0% L

Record which processes are running
o=
ﬁﬁbé
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O (e

(Prioritized) Centralized Run Queue (CRQ)
Fig.2 CRQ-Based schedule model on DHCMP
[§ 2 DHCMP 4t b2k T8 vh AT 5% BA 21 i s A Y

Executing Queue (subset of CRQ)

CFS Sy, B 2r By B v, FE U BE B b 2 L B A A SR A5 AN LA 58 G LU 431 PR 38 A7 I ), 58 4 A 1 (¥ 1
FE AR E S Linux 2.6.23 LUG AIRRAS 5 R A B0 IR BE S0 S B T B 100 0 BE 5 A DA 3 R % T S ),
ANFEAS B X 53 A8 R R T A F R 88— % 495 .CFS  FR R30S B R 224 3 B Ak 22 O IR 36 W DL fig
AR R L — K a5l 2 R P 41 S Bl 45 SR A7 JBOE AT A

N T AR R H DHCMP AbHE 3% (K55 SR RE DR 34 BATH2 1 T 2 F 42 QR A S K CFS ) vk
(CRQ-based CFS,ffijf CCFS).7E CCFS ik, R4 [ ml AT AT 45K F T3 1 4R b =g AT A SR A gk 47
Y IR, BT A 10 AT AT AT 55 4 2 4R P 31— Rl o 20 SR W s 4 M AT e 0 20 B S A N P 3 BT oR AT L
BT o3 AT 2B AT B S AL, 4 v a2 AT B F1 1 FE ML ) 34 0 2 i Sk 070 280 A v F°D 1) 780 AL bR TSR FH 40 PR RS S50
&5 6] R FH T AR TR AR AT SR A R (RIS AT OR.

o LT RRRE T LUGA 2 AR RE T

o X T K2, 40 M FI AT IR N O(logn).O(logn)AT g H A AT I A ZE IR (H & 5 T 1K BT 45 3

TRFEE.
o LRI RIE I A F A it SE I —— R AN i A A0 8 40 1 DRkt B bl A AT 4R 8
HY T 20 FR B 2 = SOB 2 15 AR (0 I 1) 52 0% 82 O ox B A 7 A XA A b, R S R e e i Rk
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pick_next #AE LI T AN 2028 3 b B A ) 2E AR AR AR b A BB op BTk 75 2 At SO R )
i TR T A 3 bR DR, #R 4 ANMES5 3 ICE] DHCMP _Big AT i T A4 1 Fe 4 i B2 G i
56 AR L SR (1 o 30 7, T A2 B 4R B m(m ) DHCMP 35 2 nJag A7 BEREH, — R 8/ 10 H B0 A 19 sk T A
{52 1k, BT LA TR 2% 245 24 O(logn). [A It CCF'S i FESLA7 R 1T LAAE DHCMP 45 #4 F fR-45 R AF IS 4T R0CR.

SN

Aec

Fig.3 RB-Tree and the choice of scheduler
&3 2B SR LL & CCFS 14T BAF1 3% HX
22 BESMMEENATRAERE

WA BE SRR AT AT 24T 45 (UE ) R 0 R 08 £ (16 A2 (R Pk e R IR 45 0 & 1) G FE 2 AR 45 R H Pl i
AT 55 1 B S 40 R S AT 45 T e 3145 14 RE V0 301 S8 e AL SE I B b 338 b i T 2 MMT R A 2r 2
T3 LT A0 A IR I LAV R R A JR G S 4 EE A9 23 TRC IS 1) st vy DA ORAIE S 000 56 4 1) i P L 1
I A% GE IR WA FE 2 P B S84 CPU R4 F IS )X — & b, BL CFS D48, L2 B g el 3 ANRF ok Smi 45—
SERERRCZ N K CPU I R); 2 T MERE MY nice {H; =& AT CPU i L iR 048 5 HI i CPU B i)
X B PR 5% M i O, SE B B AR R AR S B IRATIAE SR % CFS I ] LAT] B oA BB gt &5 T 2EFE © o FH 1) CPU I ).
TEAL G [F) K 22 A% 4 PR 8 b SXMHEE Befg SRAG IR 47 1O A PERSOR.

SRR S & T 3 X 5 RGNS [ PR (R 8 2 AN (1 ] B (K ) 7 R FE DL S I PN 25 4155 1 71 P-4
FIEAT Ims,fE55 2 76 P-1 _F324T 1ms,CFS H A IX AT 45 3045 T [FFE 1 AL B 281 ik, RN JEk 1K Rl i 22
H2% Ak BEGS HORE AL R L BEAR ) AR SRR 7 D02 AR 55 1 3RAF M TH SEPERE AT S5 2 1 4 (B P-4 IERER P-1
(1 4 £5). TR L T AN

PR, A ] 5 2 T s SO G T 6 AT 55 U B 1R 2 1A 1k AN S IS A ] S AR 9] 1 1T LA Y AR e 2 PR o
SR 2% RN () 1 Je B T B DAy () ) 25 A Ak L gt A A A% TR P B 2 58 4 AH ) 1) AT o B AT X ) % 455 T 2
Z A2 A BRI AR AT 25328 AT 7EAS 7] 0 A BR 2842 b AT 25 3045 B UF S RS2 A [) 1), T SRS 2% 1 3 A I i) g
23 PECA SR B R A AR R — AME S AR AT I I AR P A mT e ol T 5 % B R 1) A B 23 i Bz AT,
H—id 3 CPU 1B AT B M AN S T AN [ AT 55 2 (A8 2 T [ —MMT 45 A G 8B —R AR 1. T2 ARV &
1) 2 PP 4 DA TR ISP 1) e 6 73 DAy B OSF ) R A () 1 i 3 7] e s 7 A BB 28 1 i 0 R oy FH IR o B B JRATT B
P—1 N HALYERE, T2 I8 AT AL P-n ZARALBEAS LML S5 5 MO PE REBE N n.

WATRH CFS I J& 503 1ty JEUAR 6 T 4 vb 2 S5 BA 2, 4 LS 1 1) ) 25 S ) 22 A Ak B 8 1 O R vk
HFS(heterogeneity-aware fair scheduler). HFS Jy &A™ HEFE #8447 P9 A T B AL 18 fair_perf Bl wait_runtime.5 CFS
W EEEVE T fair_clock AW fair_perf &— AR O LRMAN CPU Mg g b Bk A (D). 3L,
CPU;_perf J AL PRE$AZ i XF NI PE RS, runtime; 3 SEREAEACBESS @ b IIIEAT N 8] priority T 3ERE B 6 2%.

e ETS
o HPA

fair_perf =(Z::OCPU[_perf><runtimel.)/priority (@))]
wait_runtime J&3EFE K55 Ry ) (0] BEFRE AR N L0 B W (B RO fair_perf F1 wait_runtime W ZEAH. B AT 1 258
R T —NFEFRI PR B AR O AR 2 iy AR AR X T S0 A R AN 2 F

BT — AR ITEA TR @ b T fair_perf SESERE AW B G0 &, AR AR ()P B 28
HEFE = 2R 2 B AT BT B B PR REGETE AH i I A (e — O B W D) S fair perf,,, & il kAR REFE
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f107, DAL X PRI AR O s 300 o AR BESS 0 P 3RAS I PERE CPU,_perf x runtime, 5. 7] LT fair_perf,,, {8,
W Q) IR, R I T ST A AR /.
fair_perf, . = fair_perf,, +(CPU,_perf x runtime,)/ priority 2)

TFIERATR @ EE 3 SRS 4 L HFS 55 CCFS W % BETE A F 1 BRI ZE 08, F 7T LUE HY HFS
5 SRR BB A AR A7 b T I ) 25 e A 220 A% A L S8 VDR A 7 DR R e 0 R e Mk B T R it L R E AT 55 1) 2 11 1
3 ZWAHEEKIT
3.1 1&#SCMP,ACMP,DHCMP

ARSI AE— ARSI (1) DHCMP 45 /Bl a% TFlex!") [T 30416 TFlex B HAT M5 T 51 % UK
M) SCMP,ACMP Al DHCMP #bH 4% 3% 2 1 T TFlex 458y LR FEAK NS B E . th T 2% i & 14
Tl B B 45 R 10 S U ORI A A (32 AR AN AR ), DR B B A % AL B T B B AT MR AT LUAH FLLE
B

%% 3 A SCMP,ACMP,DHCMP X 3 Filt 4k B85 25 44 1) B AATC B K A AH I G5 46~ & B S B At i 2 50k,

F 2 TFlex EREARIEAREZH

L1 I-cache (8KB, 1-cycle hit); Local/Gshare Tournament predictor (8K+256 bits, 3 cycle latency),
Local: 64(L1)+128(L2), Global: 512, Choice: 512, RAS: 16, CTB: 16, BTB: 128, Btype: 256
Dual-issue & Out-of-order execution; RAM structured 128-entry instr window;
INT-ALU: 2. FP-ALU: 1

Data supply L1 D-cache (8KB, 2-cycle hit, 2-way set-associative, 1-read+1-write port); 44-entry LSQ bank

Instruction supply

Execution

3 SLIR T ) A B A S5 K N S I R R

PGSR APIN] SCMP ACMP DHCMP
Jab P 5 T 8x(P-4) 4x(P-4)+8x(P-2) 32xFEANG
WS RR/CFS/DWRR ADWRR CCFS/HFS

32 EFHHMAE

FATT¥s A SPEC2K Al EEMBC H i B 73 H A AR 1k B2 5 SR 4L e FRAT T IRl A 25 F 480 0 T 8k KT 4
T ) Kb B8 A% 00 8 1 T8 SR A TR R A1E B 7 49 B 3 2R IEAT Bk

o (L)% RE e 2 HA U5 A7 BR il (memory-bound )¢ iF, 5 V153 %5 5 77 SR AK, 41 mef Al tblook.

o (M)ZEAZBFR)TA — B FE LI T S 2 AR RFAE, 1 art; B0 AT DUAE KM% bl 37 b v 19 U A7 IR AT B (MLLP),
Wl applu iZBFEFE/ME . KiZ LB TEAT.

o (H)ZEZRFE P I 3 A5 R BV s v 5, B A LB ) 1 8% 4R (computing-intensive) FRAIE, X v 55 9% Ui 1) 77
K8 A 7R K RIEAT.

283 I 1) 4328, AT T ANRE D SS 031) v 3 BT 4 e R AL B AT ] R AR AT 5 B A A AT 45 O BT R
PR 7, HAR AT 55 3R R W3R 4 AT 55 9138 W1, W2 52t AR IR A 56 40 10 [R) — 2 13 4 Bl AT 55 £ 38 W3, W4
2 AN FLSE 4 1 TRl —F2 744 30,30 MR T A 15 MR T AL SE G0 53 8 15 ANFRIF 1 2 54T 45 5138 WS, W6
S FHAH [RIJE 56 40 R AS R 2 4 .

TR L g AT E, B AT simpoint! 1T H SR 4b B
SIS B AT S O T AR UE RSB I FR P AE P-1 AL PR A% R
Il i 390 V% D) R R B R AT TR

REASTE I, s 47 48 S0 PP o o o) B ORAIE
S AT I ) A ), AT REAS R P 4 200M

T4 ARSI

g BB A
Wl 30 MR LA L tblook(L)
w2 30 MR AL SE LI fFe(H)
w3 il WL {HAL S AN
w4 [ W2 (B 56 AN ]
W5 (15L)3xmcf,6xtblook,6xcacheb+(15H)6xrspeed,3xmgrid,6xfft
W6 (10L) 2xmcf,4xtblook,4xcacheb+(10M)4xcanrdr,2xapplu,4xmatrix+(10H)4xrspeed,2xmgrid, 4 xfft

PEEBCRATUEFUIT hups/ www. jos. org. cn



E®O;j
86 Journal of Software ¥4 34R Vol.25, Supplement (2), December 2014

3.3 [%HEIRHR
ARSI v BT AT 45 S P IR R 0 2 TR I 3R N R . FRAT TS T 5 ) 0T A 2 (14 °F 34 47 I 165F ) (mean_time)
KRAE AT G 1 e R 0.
N T VPAG A R AR StrictFairness! R 5 4 AN BE VLR A T ORI N T Ho A B IR AE
P ERR G2 P Re R B, 2 5048 F P-4 bR EAL 8 % 15} 5] ANTT(average normalized turnaround time)!' 1L
TNk b WSU(weighted speedup)! ' ST AN I & 5 AR A4 ANFhs i n R 2 20 X
task_finish_time,,,

StrictF = 3)
task_finish_time,,,,
1& CI-MP
ANTT = ;g 7 “
n C,'SP
WSU =3’ o )

i=]l i

Horr, M O 4y MARFAT S5 18 AT 45 R8BS R AT 58 BIT 5 10 )T [ L B3 4T BN AT 5 BT 3
4 FLWERSW

4.1 REHMEFEBB BN TS

W1,W2 2 M e 9 AR R 55 s AT 45 RANE 4 Pros I 4 o m] DU RS R B 531 StrictF 4l
R, B% T ADWRR ARSI 0.9, 3 WIAE XAl ) 44 [ D10 56 22 1K) 0380, 2 1 P 0D 4 i 1 BEAT 10 3l (1. BB AR AE
ADWRR S35+ 2% B B 1 53 K K i e oK Bk BE AN ) AEL DR AT 25 B8 1] — AR PP 7 AN TR A% iy g B 2 AN [
T NESD /A o R S

ECFS/SCNP EDWRR/SCMP ERR/SCMP BEADWRR/ACNP OCCFS/DHCMP WHFSDHCMP

BN ean Runtime  —@—StrictF 1290 B\ [:= Runtime —@—StrictF .
2500 ——a m—a ! B S —— -—.
NEPE=- N // A N ~ 3
2000 o 08 1000 - - os
3 1500 06 B {06
> EJ 600 1
=10 4 = Jo4
éma 0 2 w0 ]
500 0.2 200 L 02

=

Fig.4 Results of W1 and W2, homo-tasks and same priority
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