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Performance of a Deadline Scheduling Scheme
on the Computational Grids

ATSUKO TAKEFUSA"t and SATOSHI MATSUOKA{# it

The Computational Grid is a promising platform for the deployment of high-performance
computing applications. A number of projects have addressed the idea of software as a ser-
vice on the network. These systems usually implement client-server architectures with many
servers running on distributed Grid resources and have commonly been referred to as Network-
enabled servers (NES). An important question is that of scheduling in this multi-client multi-
server scenario. Note that in this context most requests are computationally intensive as they
are generated by high-performance computing applications. The Bricks simulation framework
has been developed and extensively used to evaluate scheduling strategies for NES systems.
In this paper we discuss a deadline scheduling strategy that is appropriate for the multi-client
multi-server case. We propose a simple deadline scheduling algorithm and then augment it
with Load Correction and Fallback mechanisms which could improve the performance of the
algorithm in our context. We then give simulation results and draw conclusion on the value
and feasibility of deadline scheduling for NES systems on the Grid.

E’
S AET B T EANBAN TN~

1 AD2—=FD1T7T 7Y r—a rOFETEVNIC

Ry MU — 7 IR SN HERRE 1 D&
BEME L Ca—PIcRitd 5, Grid N2 EHE
BEIRIRFE S R T A OHFEBZEAITDI TS )2,
Grid avCa—F 4 v/ Y7 b= TICBET 5 ERE
WHIBFZBRTE721F T2 < 2 0B %L 35 L OSEA H B
BENTWBEIYD, —%, Grid L CHEMERERET 7Y
= arvEFETTIBOEERFEE LAy Va—
YU g ohd®, fERORFYa—Y v ST,
WHT 7Y r—3 a o DFEITRFHE (makespan) DHEHMER

t AAZRAS JSPS
t1 BORI¥KY Tokyo Institute of Technology
1t BEBRR SRS JST

Grid VAT A2, *y bU—7 ECTHEERE
EHITH—E R DM E FIEEIZ T 5 Network-enabled
Server (NES) 3:M:1415) 733,%. NES ¥ 27 Al
—fEHNZ T FAT b =BT XTI Fx Lo
TEYH, RPCR—ROTFualS5I v IEFrkra—F
\CHRAET B . BIEEATEEICIIMSL L7228 D & 2 27 )
572 % Parameter Sweep 7 7V r—v a VN EEH
P10 “ BT 7Y r—3a i NES 043
37077 IT7ETNVEEALLTV. Lo T Global
Grid Forum? Tt NES O#EH(L 233D S TN S.

NES O#fit§ 2 5 EE VR 2 RIRH RO = —F 23F)
AT 3R TIE, BRI IAT U N a T DRV a—
VU PNEERBEERD. RBXy FU—27 LOKE



ZH O 2 —Ficxt L TR 2 Grid LoFEERIZZ
DOYERERE NEIITIE D 728, fF3HAI7Z Grid AT A
OEFICBIT DBEFEL TG L TATZT L IZE
ek oichsd. koT, =—FIIERDOFHBEMFIF D X

IICHMARBRANCE SO TRERTRMZEZEL L
TVaT2BATIOTIIRL, HERE Fy R4
V) W Z K Z BT 0B/ X MO EKHLE
RTBEITRD. TTIZZD L ) RBRFETF VOB
ERIA LA Da—Y) v I FEMEERREShTY
B 18~20 a3 2 DAERMERFIF FTEEMIZEA & 2> TR,

FYRIALA VATV a—) VTEREET LT TO
A Va—) U TEFEDLHDTHSB. NES VA5 A
Nimrod?? T, MEERHEGHEOEEOE SN
BEFIZTITAZTIVT 4 %20, ZULDIETTFI3A42Y
T A4 DIEWERICH R 2EY ¥ TT, £F¥R7 DFET
Wi & BB & o BfR D b FHEE ISR 5 7l % 2
BT, BEDERIINSRBT TV r— g DEEKED
EITREBN 22—V ORD DT v FTA VBB RNE D
WCRDEZRAZ ZENY B TCTUVW Ty RIS VARV a—
VU7 HFEHFHLTNS.

AR TIIREET VT COT Yy RIA VATV a—]
VIWREBRL, Ty RIA LRI D 2a—) VT FEOR
REZFOMEREEZFET S, ML, Grid 2—¥
BFRITTHa TIID oM LOT v FIA U BEES
nNTnadb0ElL, Ty RIALAVARTTa—) rTORK
B EEENETY FIAL U ETITEHEMET LRW)
REDVPRLTHILEEZEMETS. FMICIX Grid 2>
Ea—TF 4T DRF Y a—Y I FEOFHEY XT A
Bricks???®) %% R LTHW3.

E9, RO OEGICAr—T TV MREL R E
FREIZT % Bricks DY I 2 b—3 3 VEFAMITONT
BMATS. RIS, Ty RITIAL VAR a—Y T ORK
ROBEBE BT HERAr 2 —) v IT7 NI XA
ERHRATHLLLIC, FOTAIY XLADOMREE ED
% A M =1, Load Correction & Fallback 244
%. Load Correction 1 Grid E=# J V7Y AT AT
LB ONBRERE A Va—Y  TREREHNT
WMETHLDOTHB. Fallback iz — N icva 7oA
HTF—EZRNBELIZBICED  a TBRT v RIA4 %28
ZBMEIDTRIL, B2 5 LU LB oY —
NV a7 2ERASEEZIADI=ALTHD. LT,
BESE D2 —FN Grid DFHEBEFEFCH LT
NERT DY a TEBEBEAT IV IAVRETLVER
EL, Grid 0AfFKRER, HEEHE=X N, HEEFHIO
RELY, BIOEZERATDa— Y U T A= RNHT
57y RIAL VATV a—Y v TOREMEEHRETS.
AR TIHHAEHROMEZ ZOBHREO X b AT
fHHEARFETAVEBATS. FHMiTIX, PCZ7 T X
# FTBricks Val—ya VERTHEETLE. &
Ralb—varky, EROETRMAEREICTIZ &
AL LIRS a— ) U TFREXT Yy RIAL VRS
Ca—J 7k a—FoYa TRFHETIHERRD
R MREL D, BEFNICT Yy FIA4 Vv EABLD L
R Ta—Y VT ORBMEBTNE —FERTA D
#< 7%, Load Correction A 1 =X A TEZTAL,

Scheduling Unit
(Sehedulng
query
m perform predictions
S . —
Scheduler

store info

Return NetworkMonitor

uel N
Q i scheduling info Fvy‘r\nonitor periodically” /

= = )
h Server

-

B2 Xy hUv—2tRay

Fallback IX R DOBRRIZIEF AR TH D Z L BHAL
N7z o7z,

2. Bricks VAT LEFDHLE

Bricks ¥ X7 A1, Grid VAT ADRF TV a—1
VITFERBIVED T L— AU — 7 OFMEE & Rt
9% Java CTEEINZHRI I21—F2Ths. K
112 Bricks DV AT A7 —X%7 7 F ¥ %759 . Bricks
1% Grid ¥ 2 = L— b ¥ 5 Grid Computing B &
Scheduling Unit 22572 %. Grid Computing Z5 T
X, Grid vAuey, BFERETLV (AW L—X, fbH
1T31%) , 7747 bETNAN (V7R FBFERR
) OYIal—vararyR—3xr by bEELT
%. Scheduling Unit Ti¥, A& ¥a2—7, L7 ~4
78, BlRE=4%, BRE®BHT —FX—272 LD Grid
TR Pa—) VTICETIHEY 22— Va2
%%, Bricks ®=—¥% Bricks 232463 2 B #7422
7V MCLY, FRICBREREEZITV, KRR
Ca—U TN XAOFEMED & B RN ER
ZITHZ &M TES. £z, Scheduling Unit OFE
Va—WIa—VFORELERAFrVa—) 77 1a)
REREFEA V2 —) V TEY 2 — )V LR BB
RBTHY, ZOFMCMrERER % Bricks ETIT5 2 &
MTE B2,



72721, BARD Bricks VAT A TIIR S —I U T 4
BHHTRY. XY A 7r—7 7V THENZ Grid BEE
TOFMZ FTEEICT 5728, Bricks VAT AZHLEL
TR 20 & 9 e AHEED Ry NU—7 T VERY AR
oo 7947 b - P—REOXZEXY bU— 7 THH
/— K& LAN, WAN ORE7228EF NV RIEOXR > b
U—ZZ KR END. ZOWRICEY, Xy hU—
79 3al—va DO OBEEAY FIEBI O MR
o UEART IEEY AT A GT-ITM?Y, tiers®?,
BRITE® % CARS =Xy FT—2 bR PHFI A
TREE 725,

2.1 Grid¥ZalL—YavETIL

Bricks Ti%, Grid LOFHEER (—N) &, 75
ATV b e P—=REDOFR Y b U—7 BZNENFEHITH
EFRAWTERBETS. HHTFITRAIND XY hU—
7, =TT NI T 20085 5.
NETFT—2/CaTETIL Xy hU—2 /P —1Dik

MWEZZOXRy bU—7 /P —NIZEIEFT S Grid
VAT LOFIRAZ LN S DRITENDIELT —
/a7 OREICLYET.

FL—RETI ERECHEOWEBEALNV—Tv N/

P— NAROBRED FL—RIZLY, Xy FhT—
7 /Y= NDORMEERT.

NELT—H /T a TETIIL RNTRA—FDREDH
TYIalb—varPMizdbon, Fexry hU—7
BT DBEBEANV—Ty MEOS B ORI N V., F
7o, ¥Ialb—varOREZHN LTHEZ LTS
LyIal—varaX bREEICELS RS TLED
—%, PL—RETFTNVIIERREOLEHZZDOEETEE
TE, YI2lb—valryaXbBMEVEWVWIFIERD D
B, FRNZ P L—RAT—Z2BHTI2LERD B0,
YIialb—varTRETLIRY U= b e Uo
RIhnd. £, KEEFMERETTIRTOXy hU—
7/ =N LT R L—REFAEHANVE L, KED
M—RF—ZEHETILERDS.

AHFFEDOFMERRTIX, —NIZiTR T Y VEEE R
AR a TETN, Xy PT—ZZIE P L—RET IV
ROz, Xy hI—Z FL—ZXD NF T 4 v 7 EFL
121, Paxson 2 & Y #E &7z Fractional Gaussian
Noise (FGN) {2 X% Self-Similar 5129 Z8H L
2. Xy bU—2DEFT Y T TIE—RITRT Y V2%
FRETHZLENEND, LANBELIORWAN TOXR v
FO—2 FF T4y 7 OWEITT LA Self-Similarity
BHBENDRTEY?), vIal—vaVBEFTL
DEEIGIWEEEZ bORY NUV—I VT T4 v T ER
B3 A0 ZOEFAERALE. ZOEF LTI
%9 Self-Similar Z2MHE % > FGN O/XU—ZA7 b
NEARL, BEERER Y — Y BB TERTH I LICK
DY TURREERT D, WRIZ, TOVTNANRRE
BELLZEH@EAN—T v b, DBICRED X 5 ICER
L, ¥Ya2lb—varyTHWIBEN T 74 v 7 PL—
ABRERTD. EoT, DEDONRTA—FDFEEDHT
xR PL—RBERTDHZENTE D, —F, BRE
DY —=NEAFFETANRRNED, F— N3N a 7
EFAERANTT U F LAY a 7R ARS TR

YIal—hLT.
3. TYRSAVRYSa—Yvy

BETE NES 25 & (Ninf, NetSolve”) Ti,
2—FOHEERIZKH L TCZOHAERMNREL S
I —R"ZED LTV, ZhiZa—FDTF vy K
FAVDEREZRLEVEBNRT Fa—F (i
Greedy & 92%) THDH. LHrL72db, NESTRT
LM Grid ECELFAEND L OIcRB L, Ty RT
AVEBSEB LELHEERERNSEEICRS. Ty KIA4
VARGV a—Y N3 a—VFOERTETy KT UF
TRYa7ONBREKRTIEDZEEHNE LEFIET
Hb.

3.1 RyTa—YITF7LITIYRXL

AR THN T v RIAL VAT Pa—) v TOT v
FY XLEUTICRT. ZO7ATY XATIE, B
2—YPDOREITTHVa T L TED R — 28R
L, 7Yy RIAL VBB a THERBI®ELZ &
FHMETS.

( 1 ) TaTdDTF v RIA ‘/if@ﬂ%ﬁaﬁTuntd deadline
EEMT 5.
Tyntit deadline = Tdeadline‘_Tnow(l)
Tdeadline Xoa JICEDLNET Y RTAL D
ReZll, Tpow IEBIEDREL 2K T .
(2) FHATRERRY—AS 0<i<n) K¥ar%
BALIEGAOY a TR OFEE Ts, %5
H3 5.
Ts; = Weend/ Psend + Wrecv/ Precv
+Ws/Psery (2)
Wsend’ Wrecy, WsiIZFNZEN Y a 7 DEE
F—A R, ZET—FR, HREREREEL
Psend’ Precy, Pservp X7 A7 v by —
N, =BT T T bA~DXy hT—I N
¥ FIEOFRMER L O — S TOLBEEEE O T
fEE2ET. GridRETERY hT—70P0—AN
HEMOAMOEBPRE W), —RIZZNG
ORWEEHMIZE=FV T L, YaTnED
LToNBEDORY bT—7 /P —NOAME T
MLF,%®?N@%Xﬁ91—UVfKﬂ%?
%528,
(3) suERmEf o BARE Ttarget EHEHET 2.
Ttarget = Tyntil deadline > OPt
(0<Opt<1) (3)
X7 A—% Opt 1% Grid ECTOMETRNIRT S
BEOHGELZET. GridE=FJ VTV RT
LORMET 2 FRUEIII TR I —BE T TW
572, EOBRERSFEOICTHIORKE REL 5
D% Opt ICL VFAMiT 5. Opt Z/NELRET
B EITTFHIRBEEDY R 72 RKREL ABLD T
LEEWRL, OptZ LIZRETHZ LITTHD
FENEEICENEHW L2 L2 EKRT 5.
(4) FIAVTREZ2 Y — SO H D> b ALIEREFE D H AR %
29, BEEMEICR T VAERR L 25—
S; ZEHT 5.



Diff = Ttarget —Ts5, 20
232, DifftS i/ (4)
72720, Diff > 0,75 S, 31 2b720VIGAE
1%, Diff OMEHENE/NE 725V — "% EHT
5.

3.2 Load Correction * h =X L

Grid LD R &Y 2—F F—fkic NWS?®) &0 5755
i) Y —A0ARORUERE, TREEZFATS. §id
TRRZTNNIT) AATHLINSLDOFHREHNTNS.
Lo L7en s, EEIZIE— SO ARIZBET 5 ff
M RERBEFEL TS, Thbb, XF7Va—) v
WXV T a TRED YT oY — NOARIX, TD
TaTBREAINDEELRBILERHLNEDTHEIT
&3. —F, GridDE=4F) T RT MIEHIZ
E=H VT ETIRD, BEIZEDOATTOE L EZM
THIENTEAR.

A Pa—=Y I TN RAOWEERET DT
W, RAgVa—J r7OBREEREFIALTE=42Y
TYRATEANPLELNZARTFHHEEZMIEL, £h%
AV a—) T OBIZHAWS (L% Load Correction
LIES) . ZOFEEFINES VAT LADE Y TA VAR
Va—JIZHEATES.

Load Correction TliE, =XV 7T RAFANDHE
b — S, OARTTFRIE%L Loads, £ 35L&, %
DFIEME Loads; corrected IERD L D ITRD 5.

Loads; corrected = Loads; +numgjobss; x oad( )

numjobss, 1ZE D Grid VAT ADAT Va2 —F 1T &
D S ICEYETHENEY s TOREK, oad IFMIED
RK&E%E2W 5 BoMETHD. A OFETIE, T
_T oad=1&¢LTW3. Tk, i TRETDT
PV r—vaAiEHE ThO, —MICEHER &
BB A7 XZFOHEMKD CPU ARz 1 o2& 757
»Thsd (2 , HE D3IODX AT BFEITFLT
VB O AR T 30L723) .

3.3 a ac AH=RL

RV a—Y T 7AIY XLTIE, &¥a 7L
TEHE - BEREORFEDL Y (PHME 2FIHT3. L
NDLRNRE, Va TOEFTICETEANT —F DEER
MORBEL Y 2RKT DL, ANT—FB—NIZEE
LEBIZZEDO Y a TOEFTRT Yy RTA4 ETIET
LRWNWETFHITEAHELHD. IHIL, KX O
TiX ¥ — 3% First Comes First Served (FCFS) T
Va7 EAETHLOLELTEY, =XV a THE
AT D BRI DIZEITRMORED Y %
25 bH5H. Z0 % T 57, = Iz
A Ta—) T EYR— T HEEL-ED (LI
a ac L73%) .

a ac TlE, PadDART—EZ B —NIZHEL
2B, —NFZZF0Vas TRERENEZT Yy FIAL 0%
TIKETTEINEIDRMELH. P—\BZDOTYa TR
T RIA VETITHKRT L LT Lega, —
ZEDYaTEF YA LT a T RRITLEY 54
7Y MCENEZEHTD. 274 TV MIBFRZEDOY 3
TERWET DV —RERTTV2—TI12 WAbE, &b
TERENEZ =NV a T2 ®ATS, 277L, 20

a ac DA=N— Yy FREYVYTy IS V=
TEKTCERRDTERERD DD A T F
AT D BEHIRTS.

I3 <
B =
72
<
B
x
B
T Vs



S

72

FHl

72

%
AN
AN
S
<7
%
%
<
=
B
#l
H
< <
<
<
#l %
TRl
<

Failure Rate[%]

Failure Rate [%]

Failure Rate [%]

~
o

[
o

~
o

w
o

~
o

-
o

o

70

60

50

40

30

20

10

Greedy D-0.5

D-0.6 D-0.7 D-08 D-0.9

—o—x/x
—=—L/x
—a—xIF
—>—LIF

—e—x/x
—a—L/x
—a—XIF
—x—LIF

Greedy D-0.5

D-06 D-0.7 D-08 D-0.9

—o—x/x
—=—L/x
—a—xIF
—>—LIF

Greedy D-0.5

D-0.6 D-0.7 D-08 D-0.9




Ave. Server Cost

Ave. Server Cost

Ave. Server Cost

500

50
450 Lo
400
40 L
350
0 —o— —
—=— /X EIEUN
250 " 2
—A—X
200 e >
—x—LIF ER Nt
1) OO 3
200 Foo
10
BO oo
0 L
0 . . . . .
Greedy D-05 D-06 D-0.7 D08 D09 Greedy D-05 D-06 D07 D08 D-09
500
450
400 500
350 p 450 L
—— XX
300 | 400 -
2% —=—L/x
—a—XIF %0 - ——1
L 230 |
——LIF 3 —a—2
180 oo s 50 | a3
100 e %200 Lo [ ) v’
[ 50 b =5
0 100 oo
Greedy D-05 D-06 D-0.7 D-08 D-09 50 Lo
0
Greedy D-0.5 D-0.6 D-0.7 D-0.8 D-0.9
500
450
400
350 <
300 L —e—x/x <
250 —.— L/ <
—a—XIF
200 Foo ] U
e
150 Foo ] < <
1
1 OO
0 <
Greedy D-05 D-06 D-0.7 D-0.8 D-0.9
%
%
it T
%
B T 1t %
<
< <



s

FHI

A

<

<<







