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Fractal Prediction of CPU Load in Grid Environment
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Abstract In grid environment, it is in need to know what performance grid resources can afford at some given time in
the future. For instance, the scheduler need this performance estimation to make efficient resource scheduling, provide
desired QoS and keep the whole grid system optimally load-balanced. Among all kinds of grid resources, computing cir-
cles are most valuable in grid system as well as in other computing environments, CPU load is naturally used to depict
how busy the host machine is and what performance the host can give to user programs. Former research on CPU load
shows that CPU load has self-similarity and long-dependence. This leads to our employing fractal geometry methods to
make CPU load prediction described in this paper. The experimental results are encouraging and the accuracy this

method yields is also quite satisfying.

Keywords Grid, Resource performance, CPU load, Fractal, Prediction

HF—BAPTE, X EBETEILSEREX
B EUE B R AR DhBE AT IR BETHRBE T 4540 b
BRATTH A AR RO R, LA BRIEREE
X SRR 4 b RA B A MR AUR A B A R
SEYTIR; N AT LGB o R g AR HE O 4 5 R I R 5 SE B
RHENThEE. ENRERZEREE TRV, K 8
VER " — PO B BREK {4 2 R 4% 2 RUAS B S B BT 7 , ELAE K
ERALNAMMN : OGSA KB/ i) WSRF 2 Rt
& 5% 11, GlobusToolkit M2 _LAMM K AALIH.

Ws PR E R BRI R E 2 1. SRR RIS Bt
B, Mg RREEN AN EE T ARARRERSF LR, B
BEapREA RGP BT IR M AT SRR SRR . R BRIV
LFREMERFE YRR SFEBIE? AR, X B H K
FAE OB —MBUE - SR M AR SRR T HAER T B4 K BT
ALERE . XFMBUE bR LR —F BT . X TARE AL
BB BT RIE R N R ERGAMXAR B R, X/
T B B B L B2 10004 i Xt F AR AR fb L BT %
B2 6 527 E LM FTRRE R CPU RE0) ki,
XAEENERA KRR . BSRETERMRERE
B — B 2SR B 1) P9 KR SR B 0 30K SE B BEIRAR B
AR5 AR .

BRTHERERZA, M RERE" ERFKEF IR

5PEE. ARNFREREESRBNES HERNTE, &
ML S5 anfer 533 1R B FAE S Al B AT, & TAES
KB PIAT B ] A B B 7 I BB T e 1) 46 45 R AR S S B
A AP BRRGUR BUE » B AR, (UL R BT RS AT RAS R R 0
RARZEE L ELVMRTERBH . R CPU A A
FIPIFF 4% A] R 9T 4% B R 76 KR B R B (H7E X B
KEWREXRERHNME.

B xoF P A 8 o B R T R T R O E 2 b, AR A A T
SMEMERRR MM S . BEE RAEE B RAT, NAREERTH
BRHERREEE, RN AR S A, S0 B
HERCFNEL 2% , e A3 280 3 3 HE 5 46 17 Y LA ERAS b A2 B AR 5
7, IIRANERETERANXESHIT. HHEEE, K&
PR b AHE ST A 1) R R R B T LA R ™
& B S b R4 B G S B BX 4 AR AR N R BT B
1, XS IR HLE CPU Sk A A9 o] R L AL Z 18
i P28 RS FTIRR BT TARIE QoS A F R HEEME L.

AR IR EC A K CPU £ 5 W $dk
BW R R 0 RS CPU $ 48, H8ad 32560 08 X i il 3 vk 19
EHEHT TRE.

1 CPU Si#imEX™HR
FEMTHR CPU i HEE 28 R EHE, X

» VEATH . B BRPEE S VBT H (60173026) , F¥HLFH | AT H (03DZ15029) , b ¥ & FA&H R E-BIR B %81 (200301-1), 3 ¢
BMIBRE  HRELTMIMNKETE. WRAR #8889, TEMRAEIRHTE, HHERE.

061.



http://www.cqvip.com

2] BB A R AR MR T k. —Filk CPU fipAs
- EENSE, SR E FrmEREE-FYHES
1k, Y BETE KT B AT, T B 24 A R 2 52 N5 24 AT
AINFHEET, RBEBCYRTE M ERANME., BR.EARET
PME AR LA BRI T ¥ B RF SR N BRI B, F MR 2
BRBA., B BREASE, MR YiEE>
ATEMEN, AR T —RZERM KRN, R, YATEER
AN MR RE BRI TREES. ZFENRESBAETWR
BH K A TSN TSN L RERK, B
LA, REMA,

URMIBEREEYWMAEANBERASPNAHANEEZH
NWS), FR i #47 TR A Y3 o 139 B8, 4n 37 B0 A9 B B4
TOPE AR B VTR RY S 4, 530 L0738 2R RO B R 1 4R
TRz EE &L CPU fiRAF Lk .

RA, FREH AHARIEFERKHEFE TEA R
HER? EENEERREEN.

ER KX FRESEARE TARKES ML
PEEEC B MARME T U R R S S R A R
R, AMHUHERRR I AL RENEFHFE. RIOIBAAMN
R BXHE—NE: RGN CPURBEGHAR BHM
el v :

Dinda 1 O’ Hallorant™ % []%} Unix £ 4t CPU fa £t
TTHRARBE. iIE—FPRERBELERHKE 1Hz
HSRECGT T AP RETREFRR, 1Hz B RERBET
RENABRTANIEER NERBITEINER RFE. A
H LAER = KKK 38 FARRIPLEEK CPU ikt iTKik
BRAKRES . BMHEEENSEITS SRR —BLH$
ARIVBBH—NEELELRE . CPURRFRREEFAME
{2144, H Hurst 3§ 80KBAE 0. 63 8] 0. 97 Z [@ ¥ 5 H 9 B0
Tl ., mRAIME, Y HE1/2 0, BRERF A, BT
AT BB B 5 AR A S 1Y, T A ARt 9 H<C1/2
B, R MM E SRR R H XL, TRAR RREAM; T
M H>1/2 6f, AR AR T ER K B E R —
MEKBES, R2ZHR I BRAFRFAL, A H A4 1.
0, R A AR, ZSHER LT,

AT, CPU fi R A A BRM A HEEf L. XN
RITAME HEH CPU B4 THKIE.

2 SEMMRERER

2.1 SEBtER

AEBMRSEERNELAEEZ —., BX,DRE—1
FEHEERZR,4 Le HX), He20 AE , B—MNEHH
F 0<0s<1 B‘J%ﬁ@ﬁ?\{){,w PWa 9ttty Wh | 9&@:

RCLy [ wi (L)) <e P
UUES
_£€_
(L A<TE @

K h(L,A)N Hausdorff BERE ;A R HR ( Xswrswn s
w, KRB F,

SEHWEEERAFEE - EREER X sww -,
w, )y KRS F A B FEEMF - EENESL.

2.2 HEiEE

Barnsley!' 44 th T R g R R BB RS
KB, R PBEE . STEEEFEERERERE S

. 62 o

000 http://www.cqvip.com|

— IFS,EHM 5|+ A NiEERK f WEE. SBEET
BUAERSNATAGEBRE (o), TBERZARER
{R? w1 swon 5o yw, VB S| FRAE T 43T B E B £ ()
HER. ZERBER(R 5w w, - w ) PRENEH w
205 5 A SRS

W[ )

[ ]— [:1"" ] @
“LFJ LF,

wlm =[] ®
W

aixote =xi-1

WR

axnte=x;
cixotdFot fi=Fi
cixntd:Fn+ fi=Fn
BUE d:, TR LARR Y

(6>

_ i Xi—
ai___
IN — Xo
— ANy TXo T
c;:Fi_Fi_l—d;XFN:FO
IN T o IN T Zo
_anFi—xoFi XxNFo_IoFN
ﬁ INT o ! INT o
B, BB E T AR IR PSS i DB,
2.3 HEmIER
RER D, fRBMER N B Y
L=Uw, (L ®

ﬁq:' 9L ﬂaﬁﬁ?ﬁiﬂﬂﬁ%%i jﬂﬁﬁﬂjﬁi?ﬂi% =] 9'L_Ui (i=
L2, P)RMABRIFIERPTRENEITEL LN IFSH
i MM,

3 CPU fi#mial

3.1 LEMMAE

Wolski &0 %F CPU f sk FW paF 5T R ;L , R & CPU
TR A A RIBAHA RN, 38 % BOR MR AR EN T —i %
KR RENEERAKKER. EHi, #4708 7net, 84018
EEBRMAXEN FRBEMNWER, CEFE BRI
BB KB R BRI T MER S,

ERRF A EEE S EFT R NFED % H S
BIES RS KNS THE X EM RS HHWE—4 IFS, R
JEMXE T IFS g h— gt X L& IFS AT
W, XA AR FNEELAR™ENER, A Ak
HOENEEAKE, A BEEZGE XA L EE LG BTN
AR AT A HE B A AR B TR, T AN B E A K A
FETH—BWHE. F5b. XRHFEENERG—KER
B4 AE B E 4T TR , 1 SR 80 B0 YR 3% T I [X (] P9 55 A i %0 14
TRWIME , N4 % B iz P £ 55 FA sk T 12208 19 57 o 33 a1 77
E—ERER”, URRRBEEANESENSEERER
BLEETSIE RS,

HETFL R, RAVEHL T HR 1T CPU ikl
.



http://www.cqvip.com

i&(Ln s L1 ’Ln*Z v"'le ’Lo}ﬁf)‘iiiaiﬁf'ﬁu’h jj%
AIIE 3, FOE R BR H R 5w wn s wn s e s wia | M FRIY
ﬁ .

Lzlgt,wiL, (9
EEP ti jj%gd’wx %ﬁiviZOqlvzv"'vmvﬁE O<t;<l;ﬂ_

=1, AURAEMHBRE NERK, B >0
>y, R w WHETRNT

B AL K L 5 Lo BOTTEIEIRR BA Loy AT An B
IR AR UC R R N; REAR R R M, KRR RS,
RIFTEX M, M b IS = 3 N R T i o B A 2
{1 50 A B 19 HAEL A ) — NS0 R X L ) TFS, = (R
wilvwizf“»wxp%ﬁﬁﬁ(‘i)»mwx:wﬂa

Hys th B IFS 5, MARHE R (9) 8.8 F—Rt 2 CPU 1
HOBBIE. '

3.2 HtMmERE

ARSI 5 RS RS B YR — R A
HERBATH., Unix ROEE— M 20 SURIE MR R4 H
YR IEFEIE AT BAL T B4R S 2 7R 3, 1 B ol A R 2
scheduler 44 B BE 48 BA S 9K BE . AR LA — 2 IO ST R R
PRRAATIRO K FIRT LUK B RS R B — B IR
BRI RGE TR load average) , FilF* HEHE ZEAURVE 7
BSR4 T B R R AU R AR F SRR
# 0 20E CPU AR RS HT.

TR TR S Btk B TAEH BT 1 SR Mk
3000 FEHEREHEIHL. PO HALLRMIIER AN AIX 4.3,
RATENHE T - TRUE 10 B—REMHEX R
£ 1 SrBhiOT SR ATRAE  SEAE BT R TR LU f
BT RARAF T RIS B2

AT TG BT 78 S0 LA SO Oy ;R ARAE TR 3o NP 1 B

8.166517 Sat Jun 25 00:20:45 2005 11196308525 a]
0.161958 Sat Jun 25 00:20:55 2005 1119630535 _
0.159881 Sat Jun 25 00:29:05 2005 11196385k5
0.150118 Sat Jun 25 00:29:15 2005 1119636555
0.158647 Sat Jun 25 00:29:25 2005 1119630565
0.158037 Sat Jun 25 00:29:35 2005 1119636575
0.163098 Sat Jun 25 00:29:%5 2005 11196308585
0.176450 Sat Jun 25 00:29:55 2005 1119630595
0.108875 Sat Jun 25 00:30:05 2005 11196385605
0.105833% Sat Jun 25 00:30:15 2005 1119638615
0.105678 Sat Jun 25 00:30:25 2005 1119638625
0.102015 Sat Jun 25 00:30:35 2005 1119638635
0.101390 Sat Jun 25 00:30:45 2005 1119638645
0.108915 Sat Jun 25 00:30:55 2005 1119638655
0.188218 Sat Jun 25 00:31:05 2005 1119638665
0.101173 Sat Jun 25 00:31:15 2005 1119638675
0.101363 Sat Jun 25 00:31:25 2005 1119638605
0.106430 Sat Jun 25 00:31:35 2005 1119638495
0.187050 Sat Jun 25 00:31:45 2005 1119630765
0.105848 Sat Jun 25 00:31:55 2005 1119638715
0.105000 Sat Jun 25 00:32:05 2005 1119630725
0.103616 Sat Jun 25 00:32:15 2005 1119638735
0.177834 Sat Jun 25 00:32:25 2005 1119638745
0.16658% Sat Jun 25 00:32:35 2005 1119630755 K

A1 CPUMREMNEHE

HA @ 3 MPE IREC P R B AR L R — 8
BOZBBMFRA 9704 1 A 1 BLUREST MEBE.

3.3 MM

3.3.1 & #¥ER/SHH

BRI R TR E T s AT T, T 5 s G i B A
X TREREAEEREBZOR W, X BERATR A Hurst
AR AT E FFF B AR,

000 http://www.cqvip.com|

BRATAx(12]h A8 R/S o hr s, B y 8 1g[R
(DY/SCD ), x ik 1gT, WHE LK -
1g[R(T)/S(T)]=HXIgT+HXlg o
H o HEBLROD AHEARRE, S(T) MEAIRES, T N5t
6], W H 2y Hurst 88, 3H0HE FEFIT & . 4% D=2—H,
RAIX 2L 10 RERBEFAEHIT N, RBERMA 2
N

35 o
s o
254
..
2F
15
1+
os} ]
1

0 05 1 15 2 25 3 35 4 45 s
B 2 CPU gk Hurst 58947

AW, CPU R iae B AR A A MM, H 76 0. 66~1 2
M1 2E 5, KBAETHH 0. 75,

3.3.2 B EH5H

BATH m=3,2=0.5,1,=0. 25,4, =1, =0, 125, N, =M,
=6(i=0,1,2,3), % —BkAtE] (2 434F, BN 10 #)# CPU
R FTIEIS L0 R AT, SR INE 1 i,

X1

i [A] KBR{E FiR{E X RE
1 0. 166517 0. 176008 5.7%
2 0.161958 | 0.167627 3.5%
3 0. 159081 0. 169898 6.8%
4 0.158118 0. 153058 —3.2%
5 0. 158647 0. 148970 —6.1%
6 0. 158837 0. 151848 —4.4%
7 0.163898 | 0.162587 —0.8%
8 0.176450 | 0.187213 6.1%
9 0. 180875 | 0.187748 3.8%
10 0.184334 | 0.185071 0.4%
11 0.185678 | 0.195519 5.3%
12 0. 182815 0.191773 4.9%

X BRI A EE WAE , & — B HCHTYI%, W
FHERMAEE. T—-SRITEERAMZSMESITEX
SBGIERHEARKE R RHETIG.

it BRI, RIR) i) [ BB AR R AR AE (A X T R 3k
RFHEEA EREAFME W, o [ ERRL, EREE ¥,
210, A 3BT R 6O T 7 254 CPU fRERTE T — Bt 20 B9 B8
AFef B RE F&RES s ERANS R ERABERN XN
A& B RAE RBOR A Y, B XX BB EE LK
EhAWE R CPU i R B hiag . B88E RN
oA TR .

MERLERRERE, RAZFEHTHN LSRR
HERaYE, BTSSR TS R, B A K SE A4
fi.

BATT — 255 BAE M MG T R & SEEHAT I

(FHE 79T
e 63 o



http://www.cqvip.com

FARMK LDPC B HIZE R R M {E¥ &G T, o BB HE
FHEEAHEMN.MHEREAEC R BRI REEZEED. B
141 TS %5t F Typel 2-D(1023,781) EG-LDPC 75
HEERIE ., MRS RO UEN  AXFFEHHRBE S
HItEREREE AL o« ML AL, HIE o« HHET
B, FE o« WEBMRE. BN BITEEED 7 « WX
EEEN . BELOMENTT o« WELFAR TR,
WRRYL, 3 « MERENX—EEPEEEN, FEERNR
A ARG SR E e

EE 2 P, RAOVAL T A EERBEEENNS
B o BB AE {4 8855 Typel 2-D(1023,781) EG-LDPC
IRENTEEERKRE. B0 BEhEAH T BF Bk
iR R AR BG N, WNESATLIE H, 504
BF BE: A, AT IR B AR R L &4 T,
TERDHEMREERE AT A it M mEE %
FEERHBESGESE.

Bit Error Rate

15 2 25 3 35 4 45 5 55
Signal-to-noise ratio per bit,E,/N,(dB)

B 3 Typel2-D (1023,781) EG-LDPC i3 ZE A RIfR B E

ET e

BS . BA1# M Monte Carlo i E T 4R HX 4 i A
[5) 8 % 75 B & 8F Typel 2-D (1023, 781) EG-LDPC % 7&
AWGN {5 FRItERE, A 3 frm. [eE, ZEE D RITESR
HTEEFH A5 R A BPSK ¥ | it & 48 #4914 g F0
AWGN {5 /9 Shannon BRIE AT RGEMENS ., W5
HAERTUESL, KRB E BER<107°H, AR dmE

000 http://www.cqvip.com|

B 5N BF B, BIAMEML T 0. 35 dB H4mIBIELE. W
RY Gallager #1118 BF B, MBSMEMT 1.4 dB Y
M. WA, AXTRENERSRENBEEREE
ML AURAE 0.7 dB RUBERS., M ULEH, A SCAT IR B SR 1B
BN MR ER, AA R FOME. AR BERE
HastE e A Z R HET — M RFNEE.

2 A FHM LDPC 542 1 T — R s B B2 09 Lg%
HERLEE. ERBRENE - RERIED,.FBER
(B LU AT AP N WA BT B B S IR E RN
KB SN A E R R EHE LR, FTAWETTREERY
KETSASEMPENGEENT AT ARE—IBETHE
HENEBILEMBEEBE LS, EF—NBENEETR
L, RONEEHEER Lism B2l LR R XA T,
BHETHNBEE LS EEGRE. B4 TRENEIRE
TR TSR, AERE AR 28N EE T
EALSKE. RS RIBEEX TS — I BT a0 E %
St st — A, AT — SRR TN ER. &
s ARE LT TREBE SRR EN Tk, AP
HEA RS RNEB IR NAREREE HARNERE
R, FEEREH AR UNBRBELERBEREE
A RS T MR FHNE, A TRARE
WiHEE RGBT Bk,

2 % X W

1 Gallager R G. Low density parity check codes. IRE Trans Info
Theory, 1962,1T-8:21~28

. Low Density Parity Check Codes. Research monograph se-
ries. Cambridge, Mass, : MIT Press, 1963

3 Tanner R M. A recursive approach to low complexity codes.
IEEE Transactions on Information Theory, 1981, 27 (5):533 ~
547

4 MacKay DJ C, Neal R M, Near Shannon limit performance of
low density parity check codes, Electronics Letters, 1996, 32
(18):1645~1646

5 MacKay D J C. Good error correcting codes based on very sparse
matrices. IEEE Transactions on Information Theory, 1999, 45
(2):399~431

6 Chung SY, Forney G D, Richardson T, et al. On the design of
low-density parity-check codes within 0. 0045 dB of the Shannon
limit. IEEE Commun Lett Feb, 2001,5:58~60 )

7 KouY, Lin S, Fossorier M P C. Low density parity check codes
based on finite geometries; A rediscovery and new results. IEEE
Transactions on Information Theory, 2001, 2711~2736

(E#£% 63 1)
DA — R T .

2 X X W

1 Foster I, Kesselman C. The Grid: Blueprint for a New Compu-
ting Infrastructure. Morgan-Kaufmann, 1999

2 Yang L, Foster 1, Schopf J. Homeostatic and Tendency-based
CPU Load Predictions. In:Proc. of IPDPS 2003, April 2003

3  Wolski R, Spring N, Hayes J. The Network Weather Service: A
Distributed Resource Performance Forecasting Service for Meta-
computing, Journal of Future Generation Computing Systems,
1998

4 Leland W, Taqqu M, Willinger W, Wilson D. On the self-similar
nature of Ethernet traffic. IEEE/ACM Transactions on Networ-
king, Feb. 1994

5 Croyelia M, Bestavros A. Self-similarity in world wide web traf-
fic: Evidence and posstble causes, IEEE/ACM

6 Park K, Kim G, Crovella M. On the effect of traffic self-similari-
ty on network performance. In:Proc. of the SPIE International

Conference on Performance and Control of Network Systems,
Nov. 1997

7 Bernan M, Serman R, Taqqu M. Long-range dependence in vari-
able-bit-rate video traffic. IEEE Transactions on Communica-
tions, March 1995

8 Gribble S, Mandu S, Roselli D. Brewer Self-similarity in file sys-
tems, available from http: //www. cs. berkeley. edu/~gribble

9 Dinda P, O’ Halloram D. The statistical properties of host load,
In to appear in the Fourth Workshop on Languages, Compilers,
and Run-time Systems for Scalable Computers(LLCR98) and CMU
Tech, report CMU-CS-98-143, 1998, available from http://re-
ports-archive. adm. cs. cmu. edu/anon/1998/CMU-CS-98-143, ps

10 Barnsley M. Fractals Everywhere, Academic Press Inc, 1998

11 Wolski R, Spring N, Hayes J. Predicting the CPU availability of
Time-shared Unix Systems. In;Proc, of 8% IEEE High Perform-
ance Distributed Computing Conference(HPDC8), 1999

12 BR%:, FHwE. SIBILME. L5 s i iR, 1998

13 BaFFAE REW. ETHENEHZAAHTEN. EHE
% R H 8 3hb%¥,1999,11(4)

14 RF %80, B BN REAFLBEME R/SHH. 41t
3 KR L 2004, 31(4)

. 79



http://www.cqvip.com

