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Abstract; A dynamic reservation based on scheduling method is proposed to reduce the disadvan-
tage caused by inaccurate estimation on job run time. The method combines the reservation jobs
and the computing resources in loose couple, and it enables the scheduler to recombine the reser-
vation jobs and resources to reduce the idle resources caused by jobs completed in advance. Based
on the dynamic reservation mode, the mind evolutionary computation (MEC) based algorithm is
introduced into the scheduler. The algorithm sets the result obtained from the backfill algorithms
as the initial population, and it can achieve better scheduling result by adopting assimilation and
dissimilation operations. Simulations based on a real workload show that the proposed method is
valid. Compared with the backfill algorithm, the proposed algorithm decreases both the average
job wait time and the average slowdown by 68.5% and 66. 9% . respectively.

Keywords: server cluster; job scheduling; mind evolutionary computation

VR B 2 v P RE T 40T Y — A~ F B 9T I
ROHAE—ERE LR T NP 2844 1Ak in) .
IR LSS H AT R 0 — s B 5500 , SR EAE
NV A5 22 T ] 35 A 9 L T 0 2 9 K (]
TR A ekt R e kY e ]
EDRIEN BT FRE BE ek T MR,
{HL R AR B S — il 35 1 22 56 1 0] A9 B85 e LA
PRUERE o 0 TR o . RO BT A AR R R P R S —

ks HI . 2007-09-20.  YEZ i

PSRN S

FE R A P B A AV b A 38 1 s ] ke 40P %
BA) o T A T4 s ] AR AN 408 M A . DAL T 52 W) ] 8
JRH. FETF UL AR SCHRE T — ol 2 245 T 24 3 B A K
DR/ AR VAR ) S A 0 6T 381 38 1) 20 [+ o 8L
YT B (MEO AL 7 251 A SR L B L A
FH MEC & [5]F01 54 1 5 05 5 1] 4215 12 1 4 14
EIER e

FEIRAEC1978 ), B LA /AME (B A JO B #H¥z LA S, EETH.
FEA NI E (60773118) 5 [ i H AR 5T & iR % Bh3i H (2004AA111110,2006 AA01A109).



%42

[ S (L] 52

PRV AETAE R G By 3 iR S it 2 1Al 1
B,

Jin
IdleNodes

Jin AL ¢ Bt 00719 ARG Tow AL ¢ BOAETRIE ] 5 I REGESIAT 1Y
28 Y G Tw « RECBOE VR R S R 18] 5 T < A0 T T2 4R
BWIEAL ¢ e R B TR 20 s T, 35 50 ¢ O 2 TR %)
K1 AR ST

TRk @ B 2 2 )5, b T AR B <<
I U @ AT S A7 RS A5 W Ak 2 2 135 A
i i BSERERS A1 2 T aw > Tow » JUIAE I 80 B 25 S
AGEURAE M @ 5 R PLPIRES , B2 i A
PR EC 25 HARAE M. B B2 4% R @ T2 60799 A
H N1y Nose o N, EME @ ZEBF 2 J e = Max (T,
oy Toyeee s TR RIBATIRA.
X1 Rk i LARIHTj A1 mife T 20250
TR 19 KB T 204 RS PR UURR AT 139 A
TE (T — T W IA]BEN R U BT .
EX 2 Bl B 58 s 1)y T 52 PR A
A 58 R A T, (T, << Ty WIAE (T — T, B[] B¢
AR IT o5 5 A5 A AR U B A

BA BNV R B2 R G AE P 3 S Al I AR B
B WP A7 I (] 23 BE B IR Y 5 P ARl i
T HUE R AL WA AR, Pt P 4 5E Y FA
R If] — M R T S B az A7 I ] o p e T ARl 42 i
SERAIER S 2 T R PUI GEURRE Fr. 7 A R T3
SO YRR F s T Y T T D S BT 2 4 2 i
AT, 1 TS B U A WS R [ R Y L i
F g KA Fr BA A v e S 38 B 1R, TR A
PRV AR E SR T DA FLZA ) o T 9 54 R v 0]
Bl R EE RSt n] BRI R T AR PR 7 . BT
W AR T —Fh S S LA HAZ O 2 W21
kA5 FREGE U WS SR AR B RS R T
YRR U TR Fr IR LA FOB AR L E
LY NI AR5 BT U A RS S R L DT BRAT B AL B4
PR EERCR, SRR flA g 2 s,

Input: 2 £ 4F Mk BA FIWaitList;
2 /8 Mk FA 5ResList;
32 4T 1E Mk BA FIRunList;
¥ i FAFINodeList;
Begin
While (NodeList tH 31, % [N %% J§)
{

I (25 VR % 95y 70040 98 R ¢ )
FFH 2 F B A B,
M WaitList &2 38& 3 18 b i e 780 % R
whH L
I (2% JR) 0% 58y R T30 8 R R )
{

If CR 708 B YR B4 T4
Fo 2 49 TIZ4 W U 6F IV (¥ T 44 4 b & T HRAT
If Gt B #9245 4 b ] FF 46 44T
¥ 1% 18 Wk B AResListH 3 7 47 12 17;
Else
Fi) FH 5 T[] S (VR & A S,
M WaitList 5 25 4% & 3& i VB db i 78 W 4 i
KRR A L
I G T 1A % VR W A oA 4 TI40)
{

VRN RE e M EFEERIIE
ResListFINodeListff Bt 5f 5% 7 ;
If G B 48 7 8 Hh BB AR % B B 7 50)
RER AR AR, R A RER
ResListfINodeListf] Bk 5t 5% & ;
Else
F) P 2 T (5] 3 0 VR A U R R,
M WaitList H 25 3% A 3& 9 VB Mk IF B R B4
B AR T % YR A R b

K2 hasmesiUak

2 HYEg Ak

MEC &P 450 B8 4k A0 ) B 43 L o
a8 [ ) A 2 ) 5 a5 ) o i JE 4 ok v
FI R E AR 2 T B B ] 3 R 33 45 SRR AT R ke
S AR SCHE A ] 20 5 B8 1 O BE 45 SRAE R W 4
FEUR, IHFIF MEC Yo ik 45 S et L 308 i A B A
)8 3 5
2.1 EAXRE

FHTEREVE B 19 MEC B i B A A
13 7 s Hev AR b 32 45 A RRR 4l s 35 2 4 Al
A BUBT AR I B S TR TR] A 4 R A A YR IR
AL HEREAFIAR S 42 R A 15 A A BB AR B 2ot 72 T
F 51k,
2.2 #HmEAN

VRl 8 5 1) 5 28 285 SR 02 Ry B AR 3 e — I
GRIZ AT B] R AR b 78 B8 45 SR R 3R Sy

J =Gt s Gist)srrsGust,) ) (D

Kb FoRENL S S5 o Rl IF R B TR
(). X FHEAN R B 7 52 s B R F5 T 4R i As 1 7 s [
HATHET - v 45 2] — e 4 5 17 51

S:{(jIQ'..9j1'9'..9j71} (2)



5 6 41

BEIEAE 5 BE T R AR AL 0 S REAE 0 J8E 7 v 50 653

A R 96 B A

A 1R B 4 AR

M%7 382 )
A R A 1

<

B
zE
A
= 2

A iR BB 4 B AR
K A DR M B A

N i
A= BT BE A

3 AEREEL A MEC Bk

I B AT A A s v A 32 ) 8 1 by 5 X
2.3 iErEE

VEMZ V8 BE B AN BR B — 1 1) 5 BB B IR
HE AT IR A Cframees fioeess Lo s Hob f AR
PR S 3R I o7 e B) 45, Sk T HLAR eR AR
IR [, AT R ARG 1) b it Ak, VP pRECH

F= > wf (3)

Kw HSEEUE. BT RA fi EEEE S A
FATA] S 97 LATG X AT U3 — A . PEH sR B (B R
F A 23 IR BE A ARl 2 i R AR A 1945
2.4 WIERLEHE

FESEAT G R R AL B 2200 e iz AT & A
(] SEC 4] 20 45 9 0 3 8 [ S (14 i 422 3 T A
A  FRAE B ATTHE S 0 4 B 44 mT R Kk 2> MEC 43
RIS [R]. 25 B R [R] S 50 AT 2 1) fig A n]
REAHIA , R TG S PRIREe 2 . O TR iR A &
FRA BT B — S R LR REAA.
2.5 #ERELE

] R N B AN o [ A 2 ) B
T & Jry R AR e SEAS AR AR I R A .
FERTA DL IEAS A 25 G e B g+ B0 08 050 8 48
1 LT B it R B i) B AR S5 P fid %) AR
REER. B AT LRGeS B By H R R L 4R
Jei MR 3 M 3 A B — 1A .
EX 3 W RHR AR B = AR m, Wz
BEIRTIS KT b (B << 1) BIAME R LR 948
HEAN A A MAR R SRR Ts.
EX 4 TEFTAREA R g5, & g hs A B
PRRELE TR R B={by } e, s FoH 0 SRR 0

KB by 55 T it v B iy 78T A DL A 1R 0 15 4
Z A
EX S TR, A9 F B i
BRI C={c; | s HoH n AR b5 K
JE o MY A BE i LR HER.

TEA BT — AR Z T Se i B BE B L 2F 1
Bk 4 .

Input: b — R M BB, |, RIEBE AR AL
Outpt : 5 5 K5 B,
Begin

For each b; in B

brjiZWbi‘j
For each v in Ig
If (i, j€code (v) )
b;=score (v) +by;

w: bE— A S BRAALE
P4 R R A T

AR A0 AR R T M AR I, LA R s
Kl 5 B,

Input: B
Outpt: C
Begin
For each bij in B
ci=by/ ¥by

For each v ¢;; in C
If (¢;=0)
cy=a/n
Else
¢i=¢;i(1-q) +q/n

K5 AR AR A

TP IR RIS i R IG UMER o 1R85 S0
7 e VMR cp BEPE G 22 dn b b, IR SSHE, B
RS n NS HN 1. — BBERE T gt i g BB R
WESRAE B DME SR AT @ 1E 05 S dmtis.

AR T H— MR Z )G SRR R 135
FrE S LB AR 1) B S A5 53 T A oot s 28 1k
[ 1E 25 s/ N BE LA IR g 4k A il — 1R
AN,

2.6 RibsabiE

FESE R — K G R AR Z 05 3 th AR o e S
ABEARAE R D0 B AR, 9122 52 A T A HEIR, 2R
Je KRGO B R b A5 3 s 1 S R B A R
M s 4 SRy 2 AR A T H AR T ik AN m] Ry R A R AR 58
BUG » 5 BRI A RER, 7 28 BB AR B,
SRS REAR 42 R A 5 M 5 28 L Tk it
AT BEAL A B A A, DAk e 58k 2k BB ARy



654 A

il

PN %42

B .

SEACEE R R RN R S A AR A SR
SE WAL S0 AR B s i ez |
—ARBEARBA eitt » HH S s (R AN e e 1 1
GREG IR FE R ] ) T F 2k, B A s iy
AR | S AR SR AR R P ol 80 8 B 5 D
S AT R AL AR A
3 Py E L
3.1 fFE#EE

A Parallel Workloads Archivel™ $24E1
HAE A SDSC DataStar 1 4y {5 H VR 5.
TRl AR MV AR FE A [R] 2 38 %5 BT W IR B U
T AR AR V-3 7 3 S 80, 38 2 K 1 3k

ZHnT LA A 4 ) 2k
PSP 2 97 28

L= > Pit./PAt 4)
K. Py 2R @ s AL PREREL co 2 AEML ¢ 1Y
fhitistTaf ] P2 R G0 0 B AL BB 80 A R S
— AR 55— A I 3 K B ] 22 25 HAR 4
e 1 FR.

% 1 SDSC DataStar 4 kit %
P YR AR/ 25
b4 s 21 s} 2]
2004-11-21 2005-02-28
1664 15932 0.71
20257+ 39 20433251

MUHB A Z A G 5 B S HEF 7 =X
B4 8 Flt: XFactor (FEMb i BA B HE R 55 F 24 iy Aisf 1]
S/l 5 203k st 18] 22 22 Bk AR L 59 A s f 7 s i)
ek eSS  JmELAR S KARL AL o s A VL AR G
SeAEAL AL /IMENL P e FRAE LS. TE )y XA
F5 8 UGE N (FirstFiv) flfg &1 (BestFit) 2 f, Al
TREEI T A5 4 A, LA SR 8 X4 X 2 B[R] Y
ML A 5 E 8 MEC B35 I iR A

P05 EAR R h, MEC 5356 59 0 Bk 3 A 8515 0
2, AP EAR B Ry 6, BEASTEAAR N 1 AR B0
32, MR At AL 5 s P RIAL
3.2 ZERESH

BV - 25 14 25 5 L 4 3R 5[] (bounded slow-
down) ™ IV Ay i B B2 (R DA 5 b A U LA 4
R R A A B %5 MEC Bk 017 ik, 4%
AN 6 e 7 s,

T JF A B SDSC DataStar fE V£ (L =

0. 71) , Fe ALy B A A B 7R F S T sl A Hil 4y MEC
R SRR 5 7 314 s A1 2 306 s, 73
FERFHR 17.8 s FI 5.9 s. 4Kk, MEC [1)°F 1 4%
T B[] FIAE R PRI T 68. 5% F 66. 9%. & 6 A 7
(IR ZE SRR B, MEC it 28 45 11 19 10 45 b 4 BT
SCHE , O ) R RN Bt o £ AR 3 RN . X S A
s Bt 60 28 A 186 T SR R[] P 21 38 A9 A b 503
2 X FERIE A A B N 2 g vT RESRAS S 4
(RIS S f. e A Bh &S T A 2k AR T TR AT A
SEMLSTRE R, AT S MEC 2 s it 7 0 2 194 &
Jr =K.

—o— A& H %
—o— MECH

bl
(=}

2
=
\’j’é)
&

(=N

—o— EE4IAH B
—e— MECH#

[ 7 SDSC DataStar | {845 fp I [a] b4

X MEC 5| A a JF 45 #6471 10, MEC 2%
IEZEN 2. 6 45 BT IR, 1 B0 BT RE I [E] R4
30 s AR A F SR BASIHC FE (RIS REVEML RO T 1Y
AP R IR anE 8 iR, WP E . MEC &
V2 T ARB N )44 Bt 5 S5 A5 A Ml BA B B 1 498 o 2 45 4
K.

20 40

60
SECRIEE Vs

80 100 120 140

K8 MEC Sk ik ] T8



£ 6 1]

BEIEAE S BE T R AR AL R SR REA M 8 82 7 v 50 655

%} MEC 7E SDSC Datastar ¥£ AT #3135 B} [a]
AT T 8eit, Hoh 62. 92 % MEC 38l A # 5
Ls, H 75. 29% AL 2 s, 4 85. 01 Vo iR iid
5s. A 92. 57T% A KE L 10 s, M FAE LAY E 4T
i ) Skt s MEC S FE I 78 0] 42232 (19 FRl 2 4.

4 %8

AT I AVEAL A THE A TN TR AN VR 25 R GE R
R BRI L P T — PP Eh A T IR R AR LA
VRV B A 52 BT ™ A B BT IR s DRAIE B2 Al
SesE . K MEC AT A BB IR BE b il ad
X BAT I JBE SRS 1) 2 > R A B SE G Y 3 R D7
. TR W07 S SRR BT 3l A5 T
2y MEC 8 B2 502X 2 Gl 1 ~F- 24 45 R g
[F) 1247 SiE SR A AT B A, ELOG T ISR L if
PR ERIER=a %

S 30k

[1] SRINIVASAN S, KETTIMUTHU R, SUBRAMANI
V, et al. Selective reservation strategies for backfill
job scheduling [ C] // 8th International Workshop on
Job Scheduling Strategies for Parallel Processing. Ber-
lin, Germany: Springer-Verlag, 2002:55-71.

[2] SHMUELI E, FEITELSON D. Backfilling with look

[3]

[4]

[5]

[6]

ahead to optimize the performance of parallel job
scheduling [ C] // 9th International Workshop on Job
Scheduling Strategies for Parallel Processing. Berlin,
Germany; Springer-Verlag, 2003;228-251.

LAWSON B, SMIRNI E. Multiple-queue backfilling
scheduling with priorities and reservations for parallel
systems [ C] // 8th International Workshop on Job
Scheduling Strategies for Parallel Processing. Berlin,
Germany: Springer-Verlag, 2002:72-87.

WARD W, MAHOOD C Jr, WEST J. Scheduling
jobs on parallel systems using a relaxed backfill strate-
gy [ C] // 8th International Workshop on Job Schedu-
ling Strategies for Parallel Processing. Berlin, Germa-
ny: Springer-Verlag, 2002; 88-102.

DROR F. Parallel workloads archive [ EB/OL]. [2007-
09-207]. http: / www. cs. huji. ac. il/labs/parallel/
workload/index. html.

XUE Zhenghua, DONG Xiaoshe, MA Siyuan et al. An
energy-efficient management mechanism for large-scale
server clusters [ C] // Proceedings of the 2nd TEEE
Asia-Pacific Services Computing. Piscataway, NJ,
USA: IEEE, 2007:509-516.

(Gnf Bk



