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Abstract: In this paper, the performance evaluation and modeling of parallel file system based on Lustre file
system is studied. After performing a survey on performance factors, a series of performance evaluations via
experimental approaches and propose a performance relational model (PRModel). In the experimental and PRModel
analysis, it is found that different performance factors have closed performance correlations. In order to mime the
relational information, a novel relative performance predictive model (RPPModel) is proposed. This model can be
used to predict the overhead over different performance factors. The model is validated through a series of
experiments over a variety of performance factors. The experimental results show that the average relative errors
results can be controlled within 17%~28%. This model is easy to use and can obtain better prediction accuracy.
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Fig.1 Performance factors and basic architecture of Lustre system
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1.3.4  HBERIAL ST

TEAR TR S B B P AN HE R B BA TR B 37 st S Y 25 Lustre; 3 Lustrey FAH X M B8 Yo 0 452 224
RPPModel B, Hi -k Z SE 46 4% fF 2l 50 5 32 1R B #0115 HH AL Lustre; #1 Lustre; [f7 RPPModel, i Lustre;,
Lustreyy, ..., Lustre, [A] WIAH XS 25 5 VI 25, 3K I W] LB IS X Lustre;, Lustreyy, ..., Lustrey,, Lustre; JEAT — % 41 Yl k1] £z
Hb K13 AN Lustre; 1] Lustre; (19 2E #8 L 1l 81 7.

LR A58 LA S o p AT A S P @R AT L 51 F @8 T &R, & X R =P, /P,

ENX L(BITHEBREF). W H AR Lustre; 2] Lustre; (191 fE L 7, 7T LGB RS Lustrey, ...,
Lustrey, (K1Y 25 )45 S B, 4 1] 5 JT 7%, Lustrey, Lustreyg, ..., Lustrey,, Lustre; [i] 77 7E 4 #3147 1% K .

8-y

Lustre; Lustreg Lustreg, Lustre;

Fig.5 Serial transmission
K5 HiTfhid
AT AR I T U F
P! =P“®R®..0P, =P xR’ x..xP].

HT @M & BLE, AR S o,
A 5E ST S RY =Py BRI,

. ; _ P. P

P —PY®P’®.. @R =PxP2x.. xRl =T, Be

a

—_i

Pkl Pkn - PI .
EX 2GHTHRIBET®). [FFEABAZEIXFER T, A8 3k 43 AN Lustre; 1 Lustre; ) ¥ §8 LL 51 D1, Bl 1]
LA Z A I ZREE 3k 15 Lustre; 31 Lustre; (¥ 58 Lb 51 B8l 1, BRI T 2 4 B 42 e 05 73 21 Lustre; 3 Lustre; 191 fE

ELI A 7, i 6 s,

Lustre;

Fig.6 Parallel transmission
K6 JRirfeis
€ SOFAT R o T
Q,

Pij:Pijkklc_DPijekZ .0 Pijekmzz mI Xpijekll OSalgl, ZLial:L
&Y

Horh, PIN R IRZ T Lustrey 1436 #4645, A\ Lustre; £ Lustre; (1945 B EL i IR 7. b LI HR AT AR 38 5 @ nl 45
pichi _pl @pi,

© HEBEERAET hipd/ www, jos. org. cn



MEKAE 5@ 6 FAT I £ G th M AL IR AE BAR AT TR AR A 2213

2 THREIFHRERI ST
2.1 MR
(1) SEIRIEI(ILE 1)

Table 1 Configuration of experiment environment
F1 OEBIAEE

Component Details
Lustre version 1.6.6
Operating system Redhat enterprise linux 5.2
Linux kernel Lustre supported kernel 2.6.18
0SS nodes 2x sun fire X4240
CPU& memory 2 AMD dual core opteron at 3 Ghz with 8 GB memory
Network 10 gigabit TCP/IP ethernet
SAS disks 24x 300GB disks
SATA disks 48x 1TB disks
Benchmark OBDFilter-Survey

(2) Mt AR T A

OBDFilter-Survey J& Lustre 1/O Kit HL—ANE 2L HE, & B A H Lustre RSS2 HI0 % 110 Phill.
OBDFilter #& Lustre % %47 it k45 %% (OSS) 1/0 Hi Ak B B (1 41 i 4 73, OBDFilter-Survey e 501t . MHIBR -
B, BAKSRIE B OSS T Rekin H 5 Thfe. i T fefi IE M B4 OSS EIARHE Lustre 1/0, 57 LARE L A 55
B () BRI TR

(3) SEH IR

LI, R EE A LIT 5 ANE B PERER F:0SS %R (10SS vs. 2 0SS). H &M (internal journal vs.
external journal). #2575 (SAS disk vs. SATA disk). 171t % 4 /7 X (directly connected vs. daisy-chain
connected). Threads/OST . AT T 4 2H 3246 91, 45 20 S50 FI 9] v 25 A — A1 B TR 7 o it 12k e ) 5%
i (WL 2).

Table 2 Design of experimental cases
F 2 SERHMIRT

Group | Case | No.of OSSes | Type of journals | Storage connection | Type of disks Test Intent

1 1.1 1 External Direct SAS Test performance under
1.2 2 External Direct SAS different numbers of OSSes

2 2.1 1 Internal Direct SAS Test performance under
2.2 1 External Direct SAS different types of journals

3 3.1 2 External Direct SAS Test performance under
3.2 2 External Direct SATA different types of disks

4 4.1 2 External Direct SATA Test performance under different
4.2 2 External Daisy-Chain SATA storage connection approaches

P S P BE R bR IR R A R (MBYs). A AN s 56 F 5,1 OBDFilter-Survey 43 HliEAT T'5(W). &S
(ReW). BE(R)AE 3 st (1 I,k 7 T 0 82 1k e AR A 1y AH DR J A DRE S50 &5 SR HEAT T 0 — 1 b B S 6 4
R 7~ 10 Fro, e A5 SR R T A 1 41~58 4 4110 S50 F TR 45 L.
M 7~B 10 AR I
(1) EERMERE T B TS I E S (B, JU I Y Threads/OST % & 2,3 A1 4 BHE5 3 BA &, 3% 5 30k
[8,9]1r) &5 L i — 3wy,

(2) XTSRRI RN S - S M AR E L A AR DL A S R I -
5 1 R A A AR I A i A A AR AL 1) % i e A e B 380 4 A DG 1 AL 28 (PRModlel) 3 % Bk
B IR M RE AT DG HE, X — 5 AT UM fiE AT G M5 2 (PRModel) L AT 7 S Hh 75 i Hh & £1).PRModel A
by 20 1 P R R A T 11 i 22 T AT T R BT, D R R A AR A A AR, DRI T B AT 2 T 1Y
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Fig.7 Performance trend under
different numbers of OSSes
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Fig.9 Performance trend under

different types of disks
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Fig.10 Performance trend under different storage
connection approaches

K10 AN ERTT SUR K PE RE AR A

N F3 S 25 T nT 0, S-S A M e 5 -5 IR M AR TR S - S R M R AL A AR ) R R A M R AR G
PR (PRModel) i i i of 28 58 P8 RE i (K4 e 1) LA 5% 3R (19 AR 0 22 P RE R (140 i 4 P 471 [R] 1) Bk
PR N PR H] PRModel o S 56 45 SRBEAT AH I 23 He b 36 3 ARGRAE — PR [ PERE AL 7 1 (¥ REAH OG443

B, 2 4 ARAEFFA R PEREDS 1 F (K PE BEAH 70 #r.

Table 3 Relational degree under one different factor

%3 —HORFEAED TR I A
(a) Relational degree of casel.l-casel.2 (b) Relational degree of case2.1-case2.2
Case 1.2 Case 2.2
7 W | ReW | R 7 W | ReW | R
W 0.928 | 0.93 | 0.874 w 0.879 | 0.906 | 0.86
Case1l.1 | ReW | 094 | 0942 | 0.87 | Case2.1 | Rew | 0.903 | 0.892 | 0.872
R 0.865 | 0.867 | 0.869 R 0.77 0.77 | 0.879
(c) Relational degree of case3.1-case3.2 (d) Relational degree of case4.1-case4.2
Case 3.2 Case 4.2
7 W_| ReW | R 7 W | ReW | R
W 0.824 | 0.836 | 0.872 w 0.963 | 0.957 | 0.76
Case3.1 | ReW | 0.826 | 0.838 | 0.873 | Case4.1 | ReW | 0.983 | 0.976 | 0.765
R 0.808 | 0.799 | 0.844 R 0.769 | 0.772 | 0.96
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Table 4 Relational degree under two different factors
x4 WRAFEIPEREE TR ARG

(a) Relational degree of casel.2-case2.1 (b) Relational degree of case2.2-case3.2
Case 2.1 Case 3.2
7 W | ReW | R 7 W | ReW | R
W 0.858 | 0.802 | 0.782 w 0.877 | 0.87 | 0.859
Case1.2 | ReW | 0.859 | 0.846 | 0.782 | Case2.2 | ReW | 0.867 | 0.875 | 0.858
R 0.834 | 0.82 | 0.849 R 0.76 | 0.755 | 0.969
(c) Relational degree of case3.2-case4.2
Case 4.2
7 W | ReW | R
W 0.868 | 0.864 | 0.704
Case3.2 | ReW | 0.859 | 0.855 | 0.699
R 0.861 | 0.864 | 0.869

M 3 ATLUE L BAARIB 7 NS5 S-SR SR R M AR A R B (R DG A O B R
LR N PRModel 1) JUART 58 SCA3 %0, 1 SRS AS [RGB 1) Lustre 2848 1) 1 R Fa b 58 386 1 AH OC B A, X g A
AN [FIBC A (1) Lustre 2R 40110 1 G e b B A AHRUR AR # 5 — N PE REVE AL S 56 i 28 (] 2~ 5) A T LUK IR,
BB PERE . -5 RN S-S 1M REA R A A LR R & #, 3K 5 PRModel Ak 1)« % i REFR A B
oo 2 1) JUART T AR R WU R A S 1 A A 28 Bl S, DRI A A1 -2 1) P SR IR B8 K A2 — .

R4 BRI TR PEREA I, ()RR FEAN R OSS B AAN[R] H AR AR (P REAH 5%
PE,(b) R R FERE AL IR AU AN OSS % T (L BEAH SR AL, (C) R 7 AE AN [ A7k 3 122 S TR ANAN [ i 455 S8 1L 1 IR PE REAH 9%
PN 4 K E-E i RE . B-5 R RE R E -5 1M Re R B R R AR DG

N LT BEAH G 1 A5 28 PRModel 1) 43 47 T 2601, A /) 14 B 5% i DX (AN [RDTRC ) 1 1Y) Lustre 546 1) 1 BB A7 7R 4L
TRIRIAH DG, 1k RE R I 0 A AR LA 2 R e DT IR Hh 25 AF T 14 BE OIS Y RPPModel 471 T B8 AL il
2.3 HAXPIERET 5347

oy T S UYL REBEES RPPModel (94 2k JRATH 78 T 45 2.1 15 (0 R PPA4 50060 [ RERE FE 46 2.1 15109
5 F %91 71 OBDFilter-survey JEif T HAEAT IR, (H FATT7E 5256 [F] i A8 46 Threads/OST(HU{E 437 4 8,16,32,64 FiI
128, R} 2"(m=3,4,5,6,7)) F1 Objects/OST (Mt 4343 A 1,2,4 F1 8,11 2"(n=0,1,2,3)) ({475 5 I MR AN /) [A 7 (OAS ) i )
NIk AE. TR A AR C B R E 3K /N (record size) BEE R 1024K B, 1/0 i 3Rk K /N(I/0 request size) 3 E i 16GB(E
g R 110 15 KA/ aT LS Cache RGN ). 6 T R4~ 5246 H 441, [A FEH] OBDFilter-Survey 73l #E4T 15 (K
W) 5 (PR ReW)FIEE (FIFR R)IZ 3 A 4 i Pl 2o A7 T 6 5 A (W) TS 384 (ReW) FI R AR (R)
{108 Kt 7 79 WL 5~ 7.

Table 5 Test data of cases (W)
F 5  HHIIR E (W)

Case 1.1-W Case 1.2-W
Throughput (MB/s) Objects/OST Throughput (MB/s) Objects/OST
Threads/OST 1 2 4 8 Threads/OST 1 2 4 8
8 381 | 404 | 407 | 389 8 430 | 492 | 441 425
16 659 | 688 | 671 | 646 16 622 | 702 | 657 643
32 590 | 820 | 837 | 782 32 728 | 803 | 816 754
64 598 | 884 | 827 | 848 64 846 | 942 | 922 869
128 837 | 915 | 888 | 893 128 817 | 937 | 1116 | 1006
Case 2.1-W Case 2.2-W
Throughput (MB/s) Objects/OST Throughput (MB/s) Objects/OST
Threads/OST 1 2 4 8 Threads/OST 1 2 4 8
8 319 | 298 | 300 | 304 8 381 | 404 | 407 389
16 419 | 428 | 410 | 438 16 659 | 688 | 671 646
32 557 | 555 | 547 | 558 32 590 | 820 | 837 782
64 624 | 626 | 627 | 626 64 598 | 884 | 827 848
128 692 | 693 | 695 | 676 128 837 | 915 | 888 893

PEEBCRATUEFUIT hups/ www. jos. org. cn



2216

MELEPERE AL S50 A1 PRModel A1 BEAR SSHE 70 B A I, AN [R] 41 RE 5%

o

Journal of Software 3k#F34& Vol.22, No.9, September 2011

Table 5 Test data of cases (W) (Continue)

=5 B EE (W) (48)

Case 3.1-W Case 3.2-W
Throughput (MB/s) Objects/OST Throughput (MB/s) Objects/OST
Threads/OST 1 2 4 8 Threads/OST 1 2 4 8
8 430 | 492 | 441 425 8 179 | 180 | 183 | 179
16 622 | 702 | 657 643 16 217 | 222 | 219 | 211
32 728 | 803 | 816 754 32 304 | 314 | 312 | 290
64 846 | 942 | 922 869 64 424 | 430 | 411 | 398
128 817 | 937 | 1116 | 1006 128 484 | 481 | 490 | 488
Case 4.1-W Case 4.2-W
Throughput (MB/s) Objects/OST Throughput (MB/s) Objects/OST
Threads/OST 1 2 4 8 Threads/OST d; 2 4 8
8 348 | 363 | 358 358 8 349 | 363 | 362 | 356
16 419 | 428 | 430 416 16 408 | 422 | 426 | 413
32 597 | 613 | 624 578 32 548 | 574 | 578 | 537
64 834 | 831 | 833 805 64 783 | 770 | 749 | 717
128 933 | 959 | 962 973 128 876 | 889 | 892 | 893
Table 6 Test data of cases (ReW)
F 6 I E (ReW)
Case 1.1-ReW Case 1.2-ReW
Throughput (MB/s) Objects/OST Throughput (MB/s) Objects/OST
Threads/OST 1 2 4 8 Threads/OST 1 2 4 8
8 386 | 412 | 412 397 8 433 | 446 | 459 | 458
16 652 | 678 | 653 620 16 635 | 703 | 658 | 620
32 604 | 837 814 | 776 32 764 | 814 | 781 | 736
64 621 | 878 874 | 853 64 805 | 952 | 922 | 886
128 853 | 888 910 | 885 128 829 | 946 | 1022 | 981
case 2.1-ReW Case 2.2-ReW
Throughput (MB/s) Objects/OST Throughput (MB/s) Objects/OST
Threads/OST 1 2 4 8 Threads/OST 1 2 4 8
8 313 | 314 | 316 314 8 386 | 412 | 412 | 397
16 435 | 428 | 432 | 463 16 652 | 678 | 653 | 620
32 566 | 550 | 559 563 32 604 | 837 | 814 | 776
64 627 | 618 619 605 64 621 | 878 | 874 | 853
128 689 | 690 | 690 | 686 128 853 | 888 | 910 | 885
Case 3.1-ReW Case 3.2-ReW
Throughput (MB/s) Objects/OST Throughput (MB/s) Objects/OST
Threads/OST 1 2 4 8 Threads/OST 1 2 4 8
8 433 | 446 | 459 | 458 8 180 | 183 185 185
16 635 | 703 658 620 16 216 | 229 | 225 | 217
32 764 | 814 | 781 736 32 300 | 323 | 326 | 306
64 805 | 952 922 886 64 427 | 423 | 418 | 414
128 829 | 946 | 1022 | 981 128 492 | 493 | 496 | 489
Case 4.1-ReW Case 4.2-ReW
Throughput (MB/s) Objects/OST Throughput (MB/s) Objects/OST
Threads/OST 1 2 4 8 Threads/OST 1 2 4 8
8 352 | 364 | 366 365 8 354 | 361 | 358 | 358
16 419 | 436 | 446 | 432 16 410 | 422 | 430 | 417
32 554 | 602 630 | 595 32 543 | 602 | 579 | 558
64 830 | 845 825 816 64 763 | 769 | 765 | 754
128 965 | 975 980 | 953 128 892 | 899 | 898 | 878

Wiy P55 (AN TR E ) 1 P RE A 6 A

ALY 5 A 3, M RE 2 () A7 0 5 DR PR A DG M S P B (AR S M R — 20 AR X PE RE PRI 7Y. RPPModel (14
SLAT R T B AL RPPModel 38 6 — X AN [A]IC 1) Lustre ZR GE kAT I 2R, Wik — Lo pLas 2% 2] i A AT I
I, LA Lustre RGEMWEAEAOCHESS B, JF 22 I AN Lustre R TERELL B A 7.
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Table 7 Test data of cases (R)
F 7 MBI E L (R)

Case 1.1-R Case 1.2-R
Throughput (MB/s) Objects/OST Throughput (MB/s) Objects/OST
Threads/OST 1 2 4 8 Threads/OST 1 2 4 8
8 707 680 603 576 8 823 680 622 615
16 716 791 718 725 16 920 816 755 736
32 829 840 840 761 32 928 944 876 828
Case 1.1-R Case 1.2-R
Throughput (MB/s) Objects/OST Throughput (MB/s) Objects/OST
Threads/OST 1 2 4 8 Threads/OST 1 2 4 8
64 823 813 869 852 64 991 963 965 911
128 849 902 779 914 128 1002 990 993 949
Case 2.1-R Case 2.2-R
Throughput (MB/s) Objects/OST Throughput (MB/s) Objects/OST
Threads/OST 1 2 4 8 Threads/OST 1 2 4 8
8 1001 | 960 958 948 8 707 680 603 576
16 1034 | 1024 | 1000 | 1019 16 716 791 718 725
32 1087 | 1037 | 1031 | 1034 32 829 840 840 761
64 1084 | 1042 | 1032 | 1061 64 823 813 869 852
128 1169 | 1175 | 1158 | 1128 128 849 902 779 914
Case 3.1-R Case 3.2-R
Throughput (MB/s) Objects/OST Throughput (MB/s) Objects/OST
Threads/OST 1 2 4 8 Threads/OST 1 2 4 8
8 823 680 622 615 8 722 534 461 456
16 920 816 755 736 16 716 626 518 507
32 928 944 876 828 32 752 655 584 543
64 991 963 965 911 64 860 693 668 689
128 1002 | 990 993 949 128 738 768 807 760
Case 4.1-R Case 4.2-R
Throughput (MB/s) Objects/OST Throughput (MB/s) Objects/OST
Threads/OST 1 2 4 8 Threads/OST 1 2 4 8
8 1373 | 975 871 876 8 1134 | 916 862 837
16 1469 | 1156 985 959 16 1346 | 1120 | 965 931
32 1501 | 1273 | 1092 | 1083 32 1444 | 1173 | 1095 | 1014
64 1396 | 1335 | 1313 | 1228 64 1540 | 1247 | 1202 | 1197
128 1610 | 1498 | 1477 | 1387 128 1448 | 1463 | 1418 | 1328

TEIX R 43 I AE X1 BE TR 43 A7 v FRAT 138 FH 43 S [BDA B 595 (CART) 15 A58 210 11 2 =) 850325 43 28 B A % (1) 2
AL ST OO B B LA B T 3 U 8 R - ) U R S S R VAR e A 4 T R R Y R B 4G
RO BT SR W Oy B A AR, T S 2R R B N B T 5 R AR B AR LA e R T
e R SR AT AR T R v] LAAS B N B 1 23 S A SR AR T B e s 00 T R Ak
TG B3 T 4 N AR B %o N it 45 TR TR TR R CART 85925 43 Ay B DR 4 S A 440 345 R0 TR 1 B 7 A 5 B I K 40 2K
R ) 325 A T g S R 8 A5 R AN AHZE 1 T S SR S8 B, B MR T U R B (AR &5 i T 4R il 57 R
R, T I MG AR ZE 10 50 B RUAZ R AR S AR SR R A 43 D AN T A AR S IR AN T AT
[FIRE IR 43, 1 28— 710 R R o3 1R 22 PR ek 2 A 1 — A iff e (. D51 DAy 52 R R0 &5 4 2 LR IR )1 2R s 1)
T EAUL G 75 BN AR I B2 A% 43 AR AT A G R 1) B A B A M — 2 43 FRT R I AR AT AR e — AR Ak
TR B A0 5 S 8 B B 5 23 2 4% 1, IS 1R 1 R e 1) e 308 23 AR Al R 8/ 1) 7 WA A e
G328 [T YA 3 TS R ] LR SR B IO I i N R0 AR R ) 1) S 06 R G T4 2R IR A R A s 1 1 A 25
Rn] 7% Ck[21,38].

IR RPPModel (1 7 A, T TR 45 H — AN 17 5 (1) 705 48] J8 s ARG 2k B TR0 (1) BE A0 BR G ik % 3% 5
DR HCHE BEAT 7 A4 I A A A PR IR A 451 (L 3¢ 8).26 8 A7 AN Tl 42 ¢, Bl Threads/OST 1 Objects/OST,
BT (9725 2 A Lustre; 21 Lustre; (¥4 & (7 i ) L 51 K7
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Table 8 An example of training samples for CART model
% 8 CART BRIl ZRbE A7 451

Threads/OST Objects/OST RFij
8 1 1.13
16 2 1.02
32 1 1.23
64 2 1.06

A 8 B IIZRAEAR, [ 11 JEoR T 43 S8 [l A (1448 g A0 B A0 ] 11(a) 4% Threads/OST %l 4 Ky A
2% :Threads/OST < 16 A1 Threads/OST>16. ¥l 11(b) # Objects/OST Xl 4> Jy ¥ /> 35 :Objects/OST < 1 Al
Objects/OST>1.5R JH - s dig /N8 7 M i3 ZE A by 43 28 4% A1 7T 11, Objects/OST ¢ AL 5 4l 73 8 i ) A A 1 2
17360823, BRHREAS T BEAT Threads/OST 211434325, B 11(c) B,

Fig.11 An example of the steps taken by CART
Kl 11 CART BiBL R4

YA ERR TS A AR I R A, T LUK I 11(c) o R AR 45 IF-THEN 43 2880, i 1 11(c)$2E
SapSIUpS

e |F Objects/OST=<1 and Threads/OST< 16 THEN RF;_,;=1.13;

¢ IF Objects/OST=<1 and Threads/OST>16 THEN RF;_,=1.23;

¢ |F Objects/OST>1 and Threads/OST<16 THEN RF;_,;=1.02;

¢ |F Objects/OST>1 and Threads/OST>16 THEN RF;_,;=1.06.

RPPModel R& % %F— 835 i F (1) 9 Gk AT Tl i 358 % FH 1) Threads/OST FiI Objects/OST 434l 42 8 Al 2.
TR FH PR BEREAT IO B I AN N 43 IS ATTE Lustre; R Lustrey, HIZATTE Lustre; B SEPR 7 02
414MB/s,iZATTE Lustre; [1) 55 b5 A7t 5 /& 446MB/s. (T8 . HI 1) Objects/OST>1 H. Threads/OST< 16, ¥ 11(c)
H BTN AN Lustre; 21 Lustre; 1)1 B8 L6491 B 1~ RF;,;=1.02. AIZAT7E Lustre; (¥ 55 ¢ i et A4 BE LE 491 81, v
LAFF RIS ATHE Lustre; (OTEfE TIAY 414x1.02=422.28MB/s, H X} 15 2 /it (446-422.28)/464x100%=8.99%.

T [FIFEI L B8 6 casel.1~casel.2,case2.1~case2.2,case3.1~case3.2 I cased.l~cased.2 7 5it4T T 5-5
(W-W). H5-5 5 (ReW-ReW). 2-i52(R-R)F1 5 -5 5 (W-ReW)IX 4 Ff A [7] F90I055 S5 (1) P BE ToUI, Fo03) 45 51 (1) >
PRI R ZE AR O E=, R Y ARE J& T3 AR XR 72 1 i #K).

M9 FILLE H, S 1A (W-W) 1) P BE T00II 45 2R 1) 1 S A 0 52 22 Re 2 i 71 17%~28% K0 il N, T 5 434
(ReW-ReW) [ 1t fE 0Ll 45 S Re B #5 I 7E 17%~26% 1 a [l N, 28 1F (R-R) 1 5 - 15 5 (W-Re W) [ Tl il 45 R 11
AR 72 3 Tl P il 20%~28%A11 17%~28% (1) i [H] P9 .RPPModel 1)k B Tl 45 S (%) T 35 AH T 4% 22 e 4% il 71
17%~ 28%[H13 il N, PRr— A A 1) T R A
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Table 9 Average relative errors of prediction results
F 9 TGS A B R ZE
(a) W-W prediction (b) ReW-ReW prediction
Predictor variable  Predicted variable  A.R.E. (%) | Predictor variable  Predicted variable  A.R.E. (%)
Casel.1-W Casel.2-W 18.52 Casel.1-ReW Casel.2-ReW 21.40
Case2.1-W Case2.2-W 27.31 Case2.1-ReW Case2.2-ReW 25.21
Case3.1-W Case3.2-W 19.09 Case3.1-ReW Case3.2-ReW 17.15
Case4.1-W Case 4.2-W 23.45 Case4.1-ReW Case4.2-ReW 23.38
(c) R-R prediction (d) W-ReW prediction
Predictor variable  Predicted variable  A.R.E. (%) | Predictor variable  Predicted variable  A.R.E. (%)
Casel.1-R Casel.2-R 24.16 Casel.1-W Casel.2-ReW 25.36
Case2.1-R Case2.2-R 27.18 Case2.1-W Case2.2-ReW 27.88
Case3.1-R Case3.2-R 21.75 Case3.1-W Case3.2-ReW 19.42
Case4.1-R Case4.2-R 19.49 Case4.1-W Case4.2-ReW 17.11
3 HRiE
IAT LA RS TEREXS A HPC R GE 1tk BE AT A5 B KK 52 00, JL A 6 DAl A AR i — VB AR AT T A s

T HEBER MR AL (PRModel), S AS 7] BE S0 8] 1 R 1 figd

AT T HSRPEREFT. N SE A PRModel 737 A 31

AN TR R 7 1R 1 R 2 TR A7 0 5 AR ARLTD 1 R A Ji A 98 AN TR R 7 1 1 e 2 D A7 0 5 Bt PR A G P 3 o v e AH G
PRI R IR, A FH 6 1 B TOIAS 2 (RPPModel) (144 2 4T N 3R JE Al o4 T2 88 HEAS ML & (W) Lustre R 48 10] 14 REAH
KA B 3 T RPPModel A7 38 i St — X AN I E (1) Lustre R GTREAT VI 2k, WK — L L85 2% 31 10 vkt
AT INGR, AN Lustre RGNS A CVEAS B, 9% S TN A Lustre FR G810 PE R Lol B8 78 SE 56 P AT
& BL,RPPModel £E 5 -5 (W-W) . 5555 (ReW-ReW). i52-1(R-R) A1 5 - 5 (W-ReW)iX 4 FfAS 7] F 7% 5¢ ~

P BE IO 45 3R 10~ 24 A1 X3 22 3 il g
P.RPPModel (1) F HE AN 45 A 1)1 B AF X 22 fig

PHITE 17%~28%,17%~26%,20%~28% 1 17%~ 28%{# 35 [l
FEHILE 17%~28% 110 [ P, Prasg — AN 488 4 1 Pt A 4t B2 L

5 T A SCHE K PRModel A7 51 RPPModel A5 78 st oAt o o 28 43 A 20/ FE4T SO R B8 RERE 98 B 4
UT 40 A S A0 (8. S At K rp 28 43 A3 507 94T ST R G0 10 A R B R 7 18D L A 4 4 1 e e AR O M, TR 4
PRModel #71F1 RPPModel 4% 7Y  isk bk vp 7Y 43417 30/ H-AT SO R S0 1 T B 90 [R) A B A 4 0 1) R R A

Bgt  JAEW KK A Sun Microsystems Inc i Atul Vidwansa 25 -F JoAl 1B i 35 Bh, U H 78 S26 45 8 75 1f
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