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Design and Analysis of Prority-based Preemtiv Parallel Scheduling Algorithm

ZHANG Guo-Bin PAN Jin-Gui
(State Key Lab. for Novel Software, Nanjing University, Nanjing 210093)

Abstract Parallel job scheduler is important to High Performance Computing system. The kernel function is to choose
a job to execute whenever a schedulin% event happens. The simplest policy is FCFS, This approach suffers from low
system utilization. EASY Backfilling™* was proposed to improve system utilization and has been implemented in several
production schedulers, The main problem with EASY is that it requires estimates of job runtimes to be available. An-
other problem is that it moves forwards as many smaller jobs as possible. It is unfair to the larger ones. To attack these

problems, we propose a new method, Priority-based Preemptive Scheduling.
Keywords Parallel job scheduling, Priority-based preemptive scheduling, EASY backfilling, Fairness
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HFHITEWAE #5407 S HEREITE R Z PRSI
B, HEODRRESKAERERN, BET AT
BN, B RMIEEBE SRR MRS (FCFS), HXF
FER R FTEA R RRE, T HRRXARE AT
EASY Backfilling™ B ¢:, R HA AR ENEHE.,
EASY B3 AFAE P BB - B R A P AG TH1E k2 47 B[R] F0
RBEAENL . R T B PX BIAN )R, 242 SCBTH T — R %7 9 18
EhE E TR & R H 178 E (Priority-based Pre-
emptive Scheduling) . A B4R F TER A F M 1HEL AT
i ] A R KR B 3R T AR5 A K P e — 2B 4k
TRGMRE. ASCEH T RAESMREIRS, AL
WA X PPS B EASY BT T 7.

2 EASY Backfilling & 3%

FCFS AT : s — e AEEETT, W%
RSP R EEVBOAEF ERRERENERE. A
T YA, 5] AT EASY Backfilling ;.

EASY B g: b T XA~ BR il - I B 58 — AN 1E b Bl A A B
BT, W R G M FE L B U5 A 4518 478t 18] (Shadow Time)
REZRHAF P EAMAE L R IRE— el M E ST, 3
B DA§TH#E FCFS BT % . J5 R 4B b v] LU T8 — Mk
WEfT B> T HIBRE R .

EASY Bg:#R [ &% 3C([1,4,5]. LB EASY B

FIWANEABIRLEN . — N RERELAFIIE LY
WA BB E .. —~RAEBRENFACR, S #E
TEAEBH LIRS (EHRE 2B . EASY BHRER
PR B A 4 B 885K B A P dTh el .

EASY B A fERIBRIG

1. AP bR 4 22 7 6 A T B P B A TR R
E"ﬁ[l] .

2. R /MEAL  MEAV RS 5 2 ) EIEALS

3. MEREARE A S Z AP AR EENE.,

F TR EASY B fFEM M, 2 305 AR TFIRER
B4t & X3 4798 BE 7 B (Priority-based Preemptive Schedu-
ling) .

3 PPSEF

PPSBEMAMNBIEEMR S, AT EEHS/H IS
BITAFIE B, PPS E:H MRS

L AR Se 5 A SUR B AR AC 565 WU B 5 AR ek » R AR B
R REE .

2. (RGRARE  REANSFH I EEMELERE R, 5L
R LR B L.

3. [ R A K Sh AR Y, BRIE R A BT AT BT
A AR AR S R AR AR & I BB A,

4. T3 R E A S —MEL SR BUTR RS HT
B 25 PRV SRS RE S R L BRI R L (B2 I SR R Ak g T
o REYR AT DA R IR .

5. TR AH HRAERE . U—MELBE TR ER

WER LA, EEFR IR ERETE BRI, WA R, BEMFTT @ R, Agent FER, SR AE B A BEAR RN

.
VMR RIS SR AT R B R BIA AL .
2B P AT R A3 AR P AT A AT RTIRL T IGE A .
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WA, RS YRR RIS REN B YE Mk A B IR IE K
T3 PRE IR I A B BT 48 o5 PR VR REVE R LR IR SR R4
RS URGEIR AR SRk, BBOR IR, 6 2 AL FE 35
TR RIER R BB AE AR S th AT . BB R G R
RARSCH G R R BB R, B RES W
B VR AT LAV AL I PR IR R

PPS B BRI

LK RGN B F 2 L TN R G R A R 58
%.

2. B A A o B b B AR S BN B B HEY

3. JEINR T RE AT i B — MR .

a ) MR RS YRy 2 BT AT LU 27k BRI E R,
PATHAEL 55 2 d,

bOTHEZIENL M E R S RIELE .

o VISR e 35 B T4 5 KB 0, WA LR E
FRET.

BT — e AL B EIF .

# B E FRT

1. BB M ATB AT AT AR SRR AR FE L

2. BRESIAE ML, I B R SE RIEA SRR, BEBCH G
AR,

3. SR 402 PR YR AT LA WS R R AR e BB ML BRI R,
PATIZAENL , S53K

4.8% 1,

Bt R TR B A F R AER, LK ESER
SEIEHRIT

TEE A S5 PPS ELF EASY B E#1TILE.

4 EMAE

A F B BRI S A TR R IER . HEREfER T
B - 359 R o7 B B AP 2 HE IR R

1. ¥k Wi 7 B 8] (Response Time) : A VEME 32 32 B 52 B9
B ] (), SUBR RG] o ARl R AN .

2. Vb IR B3 (Slowdown) : & X 4 b wi Jog if 8] 5 31,
ATH R b, SRR BUR S R E] . AR AT A () R R FE LA
RS R AT 455173 55 B A E] [R) R

ML B FER R EB— AR K RATRTIRLY 1s BB L%
##°10min, FER REOk 600; TRATATIE Y 1 PG 1E ML 548 1
48, 3E R REALH 50, Kk s/ MEAL KB, SIA T H RIE
B EB* (Bounded Slowdown) , & LT .
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FTONXT
AXF,p e MIN MEHABHE , HERERBARE)E,
THRNTHARMAER SR E, TAREAAREER
HARABEER S E . B2 PPS fil EASY ¥R Fi Bl 3
HARM B EVER AR, T EASY W E /it HIFER
KA BRI RN, o — 2 R WA R R AR K,
YR BPFERERA TSRS 05, EASY M8 sHR A
REBEF, T PPS AL MBI M IFA ., X7TERB TR HE
BB,

PR R AR S REBCE TR fEtr . NV EE R
PR PR B, A ST AT AP KPR

N PR SRR B  FCFS,  BIE Mk B 32 32 56 5 I T
WX RE AT RA . B TFRIEZMAHRE, W FCFS it
WA RBE, N TREREBER, B A KR E
REHBERNRGENE, A BAT EMHLHHF R, EASY
EHEFERITH—1 . I TEERFEHREELSFHENE
B BIARA AR R FR IR % T (R B8 FCFS T MR
B Si fl Ei B FR L | R ZRIFRATHRIF

Si<Ei : FR1EN i §REHRIT.

Si=Ei : FmR Ak i # 8 FCFS WFAT

Si>Ei :FRfEk | R IAT, 2R A FRSE .

| Si— Ei |#R% i fElvmE FCFS UFMBE., | Si—
Fi |WABBRERRTRSRE FCFSIRFHBE. Bk
Bt RA| Si—Ei [#EEFE o p MEB AR S IME FCFS
MF R R, R B AR, o WER/NFRTRBEER
FCFSJiY , i~ R B .

5 XBRAZEHER

A5 HIEBT EASY Fil PPS MRS, R A
IXEHEERY , E AL LR e R AR AR,

BRI R Grib s SWF #5R1 #) £ 38 (Workloads) , 4 i A
MEGNAERL. SRATNARCELERE T ENL
B9 07 S8R B B AR ERER,

Bji H I:EL;_‘:

CM5; Los Alamos National Lab 1024-node Thinking
Machine CM-5 (122,055 jobs, 10/1994~9/1996),

KTH: the Swedish Royal Institute of Technology 100-
node IBM SP2 (28,490 jobs, 9/1996~8/1997)

O2K: Los Alamos National Lab 2048-node Origin 2000
(121,989 jobs, 11/1999~4/2000),

k7 SR

Lublin. ZHRIHT 3 LR AERDY , 5% CMS fl KTH
(100,000 jobs) .

U EFTA RRATEAME B TS R X[3]. O2K Fil Lublin
ik P T E) . AR SR 313~ 15 19 i T R4 A
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Pt SEHE PR F 3% (Batch Means)! , # 14
KHRBITREN/ DGR #BET. HA/DMRI8IHH
HERFE 5000, ZEAHEZ AT H BafE4T TR HBR T HE
FrAR 75 Failed 5§ Cancelled B4EN , T B MK IR B 20 1 20,4,
19 %1 20 #t,

A1 FHrapet@feEl 24

Work | 5§ SY-F ) iz B[] -H3ER R B

load |FH¥| EASY | PPS differencq EASY | PPS differencq
0.50| 3006 | 2353 |{—21.7% 8.0 3.4 |—57.5%
0.75| 5011 | 2689 —46.3% 24.0 8.1 |—66.3%

CM5 |1,00| 14207 | 3631 |—74.4% 117.8 | 19.7 |—83.3%
1.25| 36145 | 6105 |—83.1% 379.1 | 50.8 |—86.62
1.50} 92914 | 14968 |—83.9% 1095.4 | 183.1 {—83, 3%4
0.50| 6543 | 6500 |—0.7%| 6.6 5.6 [—15.2%
0.75{ 6883 | 6818 |—0.9%| 115 9.9 [—13.9%

KTH|1.00| 7456 7298 [—2.1%( 20.5 18.3 {—10. 7%
1.25| 8411 | 8066 |—4.1%| 37.0 | 30.3 |—18.1%
1.50) 9722 | 9516 |—2.1%/| 58.6 | 58.1 |—0.9%
0.50| 3217 | 3079 |—4.3%| 1.4 1.1 |—21.4%
0.75] 3333 3084 {—7.5%] 1.6 L1 |=31.3%4

O2K |1.00| 3485 | 3093 [—11.2% 2.0 1.1 |—45 0%
1.25| 3976 | 3114 |—21.7% 3.9 2.0 |—48.7}
1.50] 4589 | 3236 [—29.5% 14.5 4.5 [—69.0%
0.50| 4664 | 2978 |—36.1%] 123.3 | 53.1 |—56.9%
0.75| 7457 | 4007 |—46.3% 256.2 | 98.5 |—61.6%

Lublin|1. 00| 11140 | 6056 |—45.6% 423.7 | 198.7 |—53.1%
1.25| 15440 | 9243 |—~40.1%| 622.2 | 364.3 [—41.4%
1.50| 21120 | 13833 [—34.5%] 872.5 | 608.6 [—30.2%

* difference % R K ¥ 3% A EASY & 4 PPS Fr 3| R &1L,

A2 ROTPREFTRARE

(Work 415 AAVRE BHEMFE

load | ¥ | EASY | PPS (ifferencd EASY | PPS (ifferencd
0.50 6 1 -5 0.239 | 0.239 | 0.000
0.75 12 2 —10 0.358 | 0.358 | 0.000

CM5| 1. 00 29 3 —26 0.472 | 0.477 | 0,005
1.25 60 5 —55 0.572 | 0.594 | 0.022
1. 50 115 7 —108 | 0.634 | 0.705 | 0,071
0. 50 2 2 0 0.195 | 0.195 | 0.000
0.75 4 3 —1 0.293 | 0.293 | 0.000

KTH{ 1. 00 6 5 —1 0.390 | 0.390 [ 0,000
1.25 8 6 —2 0.486 | 0.486 | 0.000
1. 50 14 9 —5 0.580 | 0.581 ( 0.001
0.50 1 —2 0.183 | 0.183 | 0.000
0.75 2 —3 0.266 | 0.266 | 0.000

02K | 1. 00 3 —4 0.343 | 0.343 | 0,000
1.25 15 4 —11 0.416 | 0.416 | 0.000
1.50 34 8 —26 0.483 | 0.483 | 0.000
0.50 2 —1 0.197 | 0.197 | 0.000
0.75 3 —2 0.294 | 0.295 | 0.001

L_ublin 1. 00 4 —3 0.386 | 0.390 | 0.004
1. 25 9 5 —4 0.474 | 0.484 | 0.010
1.50 11 6 —5 0.550 | 0.574 | 0.024

* difference % 7~ K 7 = N EASY & 4 PPS g Ry B 1

e ZNC e p S OUE RN R e e &
MBI ARBE R R AY . BB CMS MARIKTEH L&
H H S EME A B R 3CH AR R LS AT B 1/1. 5, R
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BRAAER 1. 5L MR, I0fE CM5-1. 5,

LGSR

o S5 o B (] FO S H FE IR AR A

1 EASY . PPS fEX B W45 47 X RIS B B gl %
FHURERESD R 29. 8% M 44. TH(RLFE 1), MEAER
FIMEMBLT . HEREEHE.

- BIRAIAE

PPS #il EASY ZEXT 4R LA EH(LE 2), WER
BHRA HREBEEY,

« AR

F1 EASY L, PPS B/ K FE B KRB L #E
2), PPSYHRESAT-RRE R 4, EASY FHRMB A TFHEE
1 18,888 PPS A AR K P BRI B F EASY, TiHAERS
INEAMERT PPS IRE A TR H B 18 T EASY.

%t ARHM PPS HFEMBE RS —RBRAFEA
Pt thaTed s R AR KA HER HER R, Bk
BEMRIET RE AT, BERITBSREN, £
PR IS BRI T I , PPS #5948 F EASY #3k. W W,,PPS
FHERARM.
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