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Abstract

With the rapid development of e-commerce, platforms such as JD.com, Taobao, and Pinduoduo have
become crucial carriers of modern commercial activities. These e-commerce software systems typ-
ically feature microservices architecture, high concurrency, and distributed infrastructure, pre-
senting significant challenges in terms of complexity and stability. System failures may lead to se-
vere consequences including order interruption and payment failures, causing substantial eco-
nomic losses to both platforms and merchants. Therefore, accurate reliability assessment and pre-
diction for e-commerce software systems have become critical for ensuring business continuity and
stable operation. This paper proposes a hybrid software reliability model that integrates a Power
Law Process (PLP) with the Goel-Okumoto (GO) model (referred to as PLP_GO) and the Delay S-
Shaped (DSS) model (referred to as PLP_DSS). The parameters of the proposed models are esti-
mated using the maximum likelihood estimation method. A comparative analysis is conducted
against traditional GO, DSS, and Power Law models. Using Monte Carlo simulation-generated failure
data of an e-commerce software system as a case study, the results demonstrate that the proposed
PLP_GO model achieves the best performance in both fitting accuracy and predictive capability. It
effectively captures the reliability evolution of e-commerce systems under complex scenarios such
as sudden surges in user traffic and integration with third-party services. Therefore, the PLP_GO
model is well-suited for reliability assessment of e-commerce software systems.
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Table 1. E-commerce software system simulation data

1. ETRHSRHRGHERIE
BPECR WRRE RPRAR MEREC O RRAR RSB mHRZR MR mhEZR S W

1 4 19 20 37 13 55 8 73 12
2 15 20 4 38 10 56 1 74 6
3 10 21 8 39 11 57 9 75 11
4 13 22 12 40 5 58 8 76 10
5 18 23 14 41 9 59 6 77 7
6 3 24 13 42 12 60 7 78 5
7 13 25 10 43 8 61 10 79 13
8 16 26 10 44 12 62 16 80 5
9 11 27 10 45 7 63 9 81 12
10 9 28 9 46 12 64 10 82 6
11 18 29 11 47 11 65 13 83 5
12 18 30 5 48 11 66 3 84 8
13 19 31 8 49 11 67 13 85 7
14 12 32 10 50 5 68 12 86 7
15 12 33 6 51 2 69 12 87 6
16 13 34 10 52 7 70 6 88 8
17 16 35 14 53 9 71 7 89 15
18 7 36 14 54 5 72 6 90 6
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2) P45} % Z (Mean Absolute Error, MAE)
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SHAETFEE R LA 2. 78 GO BB, 5=0.0073 1508 di ke & AR I FR BT 2% 7E DSS B, 5=0.0459
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FIRFPERT B PLP MERUMRRE, 20 35.5%04FME AT B GO AR ALf#AE, 7 PLP_DSS #Ad1, »=0.8793 it
T ZHEER RS, HRBAT NG 87.93% MR T B PLP BEAYARRE, 296 12.07%HRH4E R B DSS
T ARAE, PP AL il 0 25 SR 1) 0 B TE VR A R A Y v PLP 85 5 32 F Ay

Table 2. Model parameter estimation results

2. RESHHHER

SH TR
e
a b a I3 10}

GO 1799.6360 0.0073

DSS 861.3668 0.0459

PLP - - 16.2230 0.8930
PLP_DSS 1000.1346 0.1126 10.1318 0.9900 0.8793
PLP_GO 1000.2240 0.0184 10.6460 0.9900 0.6449

N TG R BIAE B R 25 RGF R RS, i 3 Ref I3, DSS AR VI ZRaE AR L
(1] RMSE Hl MAE ¥ T HARBRY, 3R BRI 55 P s 301 2R 0 1) AR RO 40, & RN TN e 080 72
PLP_DSS R R ZR4E FRIE LT, (HHEAENIRE FRIZ 2T PLP_GO #%Y, XKW PLP_DSS J
REAAE— @M AIER, SECEHEIE MG /) R . 17 PLP_GO fEZRAMNASE FIREF T R
H—8utkRe, KRB X GO BIAYUA PLP LAY HEAT A&, RS B 4 Hh S Bl L 7 45 SR A R G 1
s, R A ROR AL, REFIF PLP GO BRG] B 75 55 51 22 G0t ml 5 1tk T 0 SR 35 -

Table 3. Model performance comparison

3. EBIMRELEE

T RMSE _train MAE _train RMSE _test MAE _test
GO 11.0087 8.6107 4.6212 3.5713
DSS 33.7780 29.2623 50.7755 44.0852
PLP 13.8500 12.7100 16.3800 14.9500
PLP_DSS 7.2120 5.4434 5.2451 4.0281
PLP_GO 8.8996 7.6790 2.4500 2.0757
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Figure 1. Fit of the cumulative number of failures for the models
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Figure 2. Prediction performance of various models in 4-fold cross-validation
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Figure 3. Performance metrics comparison of various models in 4-fold cross-validation
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