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Abstract

With the high development of the Internet, the reliability of the cyber physical system is critical for
e-commerce, as these systems underpin online transactions, data management and user experience.
Under the perspective of e-commerce, this paper presents a reliability model of cyber physical sys-
tem based on local polynomial regression, and compares it with two traditional cyber physical sys-
tem reliability models. In addition, the least squares estimation method is used to estimate the pa-
rameters in the model. Finally, based on the real system failure data of supercomputer BlueGene/L,
jupyter notebook is used to compare and analyze the performance of these three types of reliability
models of cyber physical system. The experimental results show that the local polynomial regres-
sion model has better fitting effect and prediction ability. The results of this paper provide a strong
guarantee for the sustainable development of e-commerce.
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1. 51§

BEAE B M) E KRR, BT S E A — RO MR 58, BRGNS 31 T 2 S H
5 Ko HL TR 45t X 4% S A R S AT B RN B A N, RO M SO T A G 1 i M A AN 9% )
B, AR RRE T KRN EE 8. £FE, BFESEN TIERE. WK REHE, &
BERLT R TS A e B 1) P Mh s . R, RERFRSHP SRS, KO MBEEFEY
K, BRSNS P EZGF AR EZL 2, ST HRFRSESIRSIFT P EZEMA, RA
BT 9T L7 8 55 1) AR G AT SE R BT B S ) B e SRR [

TEAS BHAR SWr i SRR A A K, (5 BYFL 255 (cyber physical system, CPS){E i 4 11
HEMR, R TFHSIIRAIESEHRETNER. BTRSRIIGE T AMURE T M BEREAR, &
T CPS ml S, X —HFE EH G R BB TR S ML HRE . &/ 5 B A4 ). i
iR RGRI R EE . BARHERER 22, v DARRARAS 2 R W, Bl 5 e A2 AU 1 AU, AT H
HLT 451 & PR M RE AT R B AT BRI, TER T RIS IR R R rp, By FE AR CPS [ mT SE PR,
AW T R G fa e e 2 e, AR TR 5 I AT RS R R IR A IR .

CPS T BUNIAEH AN DAL R A% 0, VEARIRE R GE, CPS Kl 5. Ml RIS B b & E — ik
[1]-[3]. AT, CPS F5 A M AN A4 I I 5 A e R T S VR ZE SR . 9T CPS IR SEMEAR IS I E
B, FNRGMERE NS BB R G H P 2SR AT . Hiff CPS 1R Flig T &1+
TRIATEENE, AMUBETE T RS REARAER, I AR TSV 75 A R RO RS, ORBAE O B FH (19 1 18 AT
CPS WA FEMA TR RS T X RGUE A FI M 25 (1 AT PEAl, B BLFEXT R GerE il 2% fF T 2R LA Tt #0
AT X TR T AT LAES BRI CE RS R, e A RO R T S SR, D RS AL ],
PEmEF AR . hAh, CPS X 4 AR R G0 1) SR B ml v it oA Af k- 5. s S A hilee /1, R4
A EEVE H R BB A S i e . I, IRAWETE CPS RIS A A HAR Z i E M, &
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HA M2 MAT R 258 .

BUA KR 3 EEH S8 CPS (M 28 el M E 7 ik, AR1, S%UE CPS Wl SEPEEA A SCIRIR Do I
AN E St A R, Wang [4]55@ 1 51N 1T2 T-S BORIEAY, 50 T 2T 0000 38 1) B AN &
PERR & B 1) 22 8 T8 5 SR GE AR R T 2 6] 1) ;- Ge [S]55 % CPS & 4= Il UEAT R 7L, i
X DoS. {5 Bk EE KB SOl A0S BT 5 2 IR 4 Mo i R 1 AT, S T B A EE NS — RS
B, M CPS Bl SRS ML A, Lu [6]55 0 7 BB Ik B L SRS B R 26 ik, 3R T
P T A AR P B (2R G BB T AR Bo [7]558 4 X R B A N T 1 & 4 U
M AL AR HL T CPS T BB AT TR S5 A3 AAS I CPS A A R Heaks 0 A 5
Li [8155 % 1& 1 CPS "HiZ ARl 1 (R 2 4= Al A, $2 Hh — b BoA AN [R5 BREL O BEATLASI LA s Zhang [9]
SR FREEh & 1 7R %, MG T PR B O AR CPS A5 3; Ahmed [10]55 42t 17— Fhisiz
F B EK BN ok A I CPS Hh ) B L ol

N T BE— B ENE B TPAS CPS 2 G H [ 5E 4, Babiceanu [11]554 17 1T [ 4 F i1l 36 47) 22 A
2R SR ATAE BE AR R T 58, 1 ISR AR GEHE S X 2% 22 AP EAT 28, Alemayehu [12]552R H By /R AT R
BEXT CPS IALIF TSR EREAT AT, RSN K R HAR, AORIE R SE sl ek, AT ORIE &
GLaiTESEYE . Lalropuia [13]45F i i i 37 By /R W] KA AL IF45 B AT FE 1L L ) AR AN GRS AN [ ) T
SEMEER, MR T RGMATEENE R Lu 1415545 AR R SR R P TR, Bk 7 R RS R
(T4 2) SR, JFAECEERR EAR T — Al 00 H G NARER AR 7% . Dui [15]55183d 2 A ARk TR 5
%, MERGTSEMRRA, e A EUME, B PR RER R RSN EENE . Wang [16]45 52 T —
AN R AT AR BEAR NG UE J7 125 4510 NAMAC AT {5 BE A A PPAS HESE - Wang [17]55 55 s E 7T 1 A5 Wiener
AR IR I REN LR RS S B HER T SRR, SR 1 — SRS BRR P R A B2 T A7 AE AR 52 B 1% - Xing
(181554 th T —Fr (AT AN (AT SR A T 7%, T 0 Ak T WSN SR 2R B RE R G T Sk

g, RTAMASHAER CPS #EAT I SR @ B STk D . A SGE I AR SO AL o (1 JR) 8
Z WA CPS ) B RABEEAT @I L. AR EEARWT: oW EEANRE T RALZ I
) CPS AIEEPERLAY, 55 =5 4tXS CPS I SR REUR AR BEAT BBt 28 DU 19 HRGE 2 #r 45 SR A5

L.
2. BT REEHAETH CPS Al fEtHEE!
2.1. FSHEFEE

AESJEIIAL9] [20]F T2E BHOB AR ML PR R Z X% R, HT CPS (KI5 AC8dR I 4
AR, LK CPS AT HE VAR A T 18 52 0 BR B3R, RS SO PR AR 0 VTR 2 2K 47
BRI

fEBHA 4L CPS RFRAAHAR, T (X 1) (%Yo ) o (%00 Ya) » TEWFIL CPS RIFRAHLY 55
I X 2RISR, ATt T 2 5Bl B it

yi=f(x)+&,E(g)=0i=12-,n D)

o, f()VAEIEEREL f(x)fEERA f (x), Var(g)=0".
22. REEmAEIFERE

Ja B 22 13X [5] 9 (local polynomial regression, LPR)ZEREAN 4 (1) Ja s s BBl Y, 1) A 22 T o $i0E il 1] )]
BREL, IFET AR /N 3Rk AR B 8] UH R HAE 5 A THE . X RO EAOR T2 R A 254, T2
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FR Y& B AT SR 30 ) R SR [m] AR TR, [R] b e 006 B 2R vl H 3E I 50 1) Ry S e 4 o
Bk, BIRTE X, FISUHRA, CPS Rty Sitlal s X I R BUH —> d k2 WAl
FKIR:
Yi * By +:B1(X1_Xo)+ﬁz(x1_xo)2 oot Sy (Xi_xo)d + & (2

i, By B, By REZTAMIRE, o ZIRED
SRIG, B A IR R /N —aRIE A TR L R L. BT Nadaraya-Watson #Atitl, & — M=

r=f, (x) {577 il an(yi —r)’ B SREEA W (x) = K((% -x)/h), = (x) 653 T RAmm
-5 Ml /)
w (x)(y —r)° ©)

Hof, K ()R h>0, A, RMGEIRBUS, BIATHZHRRECR T %, 400 R RI
3. RBISHRr
3.1 RITKBBE

BlueGene/L & IBM A 5] B i il i (1) — B Gt AL, B AE BRSNS RoA B AL, A
SCATH R BT LR GRS BV RG0 — PR RIS L. BlueGene/L H & AT LSKEUS T 2 TUSuh ,
FLHETE TOP 500 #5882 HE 44 56— Bl 2 U RVE R 20 5 55 . B AR T BT AR K RE,
I RREERE TR TR R SR .

ACK BlueGene/L [ &%t HEME NI AN G, DLH ASALHHT AR R4, $2H07 M 2005 £ 6 H 1
H #2006 4 3 H 1 HEREUAIRG N 1K), HLit 160 H%#s, RiFRAEIEMZE 1 s,

Table 1. Cumulative failure data for BlueGene/L

5% 1. BlueGene/L B R+ LEE
WHa/H  Ribkeiks WE/H Rt mHE/H R mE/H  RBibskikst mHa/H Bt

1 3 33 10,190 65 22,074 97 54,437 129 73,792
2 2049 34 10,554 66 22,762 98 54,512 130 73,881
3 2751 35 10,600 67 23,066 99 54,751 131 74,141
4 2753 36 10,999 68 24,139 100 55,513 132 74,283
5 2844 37 11,052 69 24,519 101 55,559 133 74,499
6 3095 38 11,203 70 24,621 102 55,609 134 74,652
7 3191 39 11,362 71 27,450 103 55,839 135 74,868
8 3237 40 11,904 72 28,548 104 56,065 136 74,921
9 3239 41 11,950 73 28,802 105 56,216 137 76,091
10 4385 42 12,870 74 29,844 106 56,778 138 76,204
11 5751 43 13,141 75 29,890 107 57,085 139 76,396
12 5762 44 13,230 76 29,941 108 57,131 140 76,627
13 7925 45 13,309 7 29,951 109 61,509 141 76,765
14 7974 46 13,355 78 30,750 110 62,962 142 76,949
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15 8021 47 13,454 79 30,785 111 63,173 143 77,376
16 8067 48 13,530 80 32,714 112 64,609 144 77,534
17 9004 49 13,638 81 34,186 113 65,675 145 77,587
18 9148 50 13,731 82 36,288 114 66,097 146 77,609
19 9159 51 13,763 83 37,764 115 66,328 147 77,716
20 9218 52 13,790 84 39,208 116 68,325 148 77,796
21 9250 53 14,163 85 40,630 117 68,396 149 77,904
22 9305 54 14,403 86 42,067 118 68,480 150 78,006
23 9324 55 14,822 87 42,251 119 68,601 151 78,151
24 9379 56 14,912 88 43,721 120 70,075 152 78,197
25 9480 57 15,616 89 43,999 121 70,088 153 78,403
26 9548 58 15,666 90 45,640 122 70,269 154 78,556
27 9568 59 15,943 91 47,303 123 70,656 155 78,715
28 9668 60 16,069 92 49,000 124 71,908 156 78,869
29 9715 61 19,588 93 52,358 125 72,054 157 81,178
30 9791 62 20,288 94 52,375 126 73,284 158 82,122
31 9878 63 21,119 95 53,513 127 73,450 159 82,252
32 9925 64 21,628 96 54,345 128 73,577 160 82,606

3.2. RN HIRE
HeTF E S BT R 4R 5T Goel-Okumoto (GO)# ! . Delayed S-shaped (DSS)#R2Y, LK AR SCH&E H
[ LPR BLAUHEAT 0T EE 200, 16 MSE Fil AIC 7R NI B AL 1 BE I FEFF
YR Z(MSE) & — ANMEZ AR b T2 N STt a, 3R Ty A AR S S BRI 2
[ FR) 25 S FEFE - MSE & BB 5 S b W AE 2 25 0P 5 P 1E . Hoab A 0N
1& A \2
MSE ==>(y,- ;) (4)

niz
Horr, noFEARCE,  y R SUIIE, R TSI TR -

FRLAE RAEN(AIC) 2 — Ml & Go it A &0 RIEIARHE . AIC HENIZER R G #h 1 2L, B
TEFR B BE REAR G b R AR AT TR AR . AIC {EH#UN, RoRBERTEIAERE R 2 HEE T
AP, BRI A RE R R ARR . A AN

AIC =2k -2In(L) (5)

Horp, Kk RBRMRARNSEENE, AR TR, LSRR B R e, R TR
HAR R0 R 0 EUUR B SRR, 5 WA R 4D Bt £ 3k R T

3.3. {RBMERERTEE o4

ASCEETH 1P BlueGene/L 1 2 48 RH R RS, i /b A THISR ARG 2] GO #i7 . DSS #
RS HATE AR . = A EVERR S HAG TH A R AWEBEXT LLES R 2 Fos. WSRATHI, ASCiR
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1) LPR %) MSE Al AIC BIA B A AM AL R MSE FiT AIC FRE#BEE/)N, H MSE BIEE/NMEZ .,
4k, DSS BRI MSE Al AIC M Xtk GO BRI /N e R, AN LE TR MG Fa bRk B, LPR A
R ROR el , Hoh DSS B, 1 GO R 3l A 3R i 2%

Table 2. The results of parameter estimation and performance comparison of the model
5 2. HEMSHA TSR REXT LR

LSRN

GO 17
DSS 7
LPR f& 7

SHUG TSR
a(lx 103 b (1x1072)
2522.1390 0.0207
160.1008 1.1496

MSE (1 x 10)

4977.2816
1822.6402
4.9973

AIC (1 x 10%)

2.8390
2.6780
1.7351

RS AR R T R £ B DR =R A UL LR B AR L . AETRT AR, LPR
REROR B, WA E S L RNERY &, T GO B AR, SRR A E 5 L hr il
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Figure 1. The fitting graph of the cumulative failure data of each model and the fitting graph comparison
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3.4. T RERT EE 4T

R AT = PR R T 25 SR A AT R SR, AR SO PR R R AR G R 22 (RE) I 2R dE AT 22 1) 6t
FerHT. RE 2@ i i b — 2R 9000 5 25 5 0 AR 0] 138 22 (B I 28 5 A 2 22 o5 SLAEL I 1 43 BL) s Il 7E A b
AR L. 5 RE MhZERET 0, W2 I T 4 AR 47 o

I BlueGene/L 1) & 4t S H R ACEHR AT TN, I T AL Ak R R AT EE 1. A 2
AlA1: (1) LPR AU RE {HEGE T 0, BRItk LPR AL iUl AR AR IX = s 8 b i i o HLURCA DSS #5
AL, BEA I AIHERS , DSS AL RE B AE—E B B R RSN 5 1Z#HE T 0. GO AR AL il 80 R /e 22
fEt =80 i, H REEMEINEEBKN, HEHET 0; (2) ENLHIVILEHE, LPRBAK) RE HiE
T 0 BB AR, H Ky DSS BAL, R LPR AN B8 T e s 440 R 14 L DSS B 3.
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Figure 2. Comparison of the relative error curves of the three models
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