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Abstract

Open source software has gained extensive applications due to its open-source code and com-
munity-driven development. However, frequent failures in such software pose challenges for tra-
ditional Non-Homogeneous Poisson Process (NHPP)-based prediction methods, which struggle to
capture complex patterns in non-stationary failure data. To address this, this paper proposes a
hybrid model integrating Wavelet Transform (WT) and NHPP for open source software failure pre-
diction. The WT decomposes failure data into multi-scale components (low-frequency trends and
high-frequency fluctuations) to overcome the limitations of single-scale NHPP models. By combin-
ing this with the Delayed S-Shaped (DSS) reliability model, the hybrid approach enables more ac-
curate forecasting. Using Tomcat 9 failure data as a case study, parameters are estimated via max-
imum likelihood estimation, and performance is compared against the standalone DSS model. The
results show that the failure fitting effect of the model proposed in this paper is better than that of
the DSS model.
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AR PEAE 2R E Tomeat 9 I P ELRE ERER R R0 M 0dE, S H 854 Bug ID.
Product. Component. Assignee . Status. Resolution. Summary. Changed 55 FZEH % . 7R ~e B
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Bug ID: i ME— AR IR 5T, T X7 AN R R b

Product: H I # R i A4 K, 1X B354 Tomeat 9.

Component: i[5 T (£ AT«

Assignee: 15T ACFE IR N 2 B HBA .

Status: #FEMMATIRA, W NEW (¥1f9). REOPENED (FE #1155

Resolution: i F g A .

Summary: X R R T ZE A

Changed: (%15 J2 1 5 J5 5 4O ]

SXof 8 A g s ot ot 40 AH B 1) 7 B AT 0 A%, e R R R AR I TR DL D B SR Tomeat 9
2015 4 1 A3 2025 4 3 H—3% 123 NHRIRBEEE, RBEACR R A G A B RiE S 2. TTIR
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Table 1. Failure data of the open source software Tomcat 9

3 1. FFREE Tomceat 9 LEEIE
WA/ SRR /A R WHEVA RS WHEVA RS WE/A RS WEVA R

1 2 25 5 49 13 73 7 97 6 121 5
2 2 26 2 50 2 74 8 98 4 122 11
3 2 27 3 51 14 75 12 99 7 123 5
4 2 28 1 52 11 76 5 100 6
5 0 29 4 53 8 77 7 101 6
6 5 30 9 54 6 78 14 102 6
7 0 31 5 55 13 79 10 103 3
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1 32 3 56 7 80 7 104 5
9 1 33 10 57 16 81 10 105 8
10 1 34 6 58 15 82 3 106 9
11 8 35 9 59 17 83 5 107 7
12 1 36 7 60 13 84 3 108 1
13 1 37 7 61 10 85 11 109 4
14 4 38 6 62 10 86 4 110 10
15 6 39 6 63 18 87 7 111 11
16 6 40 6 64 10 88 11 112
17 8 41 7 65 8 89 13 113
18 6 42 11 66 15 90 7 114 13
19 1 43 7 67 5 91 1 115 25
20 7 44 12 68 7 92 10 116
21 1 45 10 69 13 93 9 117
22 6 46 9 70 9 94 9 118 21
23 7 47 11 71 14 95 8 119 10
24 2 48 7 72 8 96 5 120 1
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Figure 1. The number of failures of the open source software Tomcat 9 from January 2015 to March 2025
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DAL Catalina [RI3HE AL EE N, T /N o B S0 B K B A RS e R, 8 TR B R K N 2
MR . Rk, R el BR %K ER) 2 WRIRDT, ASCE e A EHE R BANE T, #
AR Y R, LA/ RIS NER . AR5, RIS R 5 e ST /N o i, 43 B/ R 8L
TR RIS A 1) 22 (A S Catalina H FERCEHR(KBE N=100), 73R4T =4).

TE/NE R, ARSRBUR M T BRI SRS, RSO AL S T BRI A RS R R
WA 3o B, R P AR 100t /N SR B AT A B o v 0 50 4 B DU 3 iR 46 o 37 2 M4 34 4
AR HTERE, KRR S BT R R AR K, DR BRI AN R AE BN AN A

WU H S B 23 B YR 18] 7 SRR ARIMA (3,0,0) . HpR Rk U

Mg ()= W+ W+ W, s +c (14)

3.3. EREE

3.3.1. &HEit
Tomcat 9 A Rt KA E i@t ES DSS F/NE T EIFREARMSE, 4 Catalina. H7F
Connectors F1ZH14 Others FIRENSEULTHE B3R 2 F13R 3 Fias.

Table 2. Parameter estimates of Tomcat 9 components

%% 2. Tomcat 9 LHEERISHEIHE

A 68524 a 5K b NEARIRZ L o NPASRS L b
Catalina 1069.618 0.01184861 998.6647 0.01186058
Connectors 373.711 0.0105276 306.8063 0.0106954
Others 742.9984 0.01208692 730.2753 0.01208636

Table 3. AR coefficients of the fusion model for Tomcat 9 components

%% 3. Tomcat 9 tAHFRIRREIRE! AR R

A AR R ¢, AR Z¥ ¢, AR Z¥L o,
Catalina 1.994044 ~1.398423 03084136
Connectors 1.957477 ~1.42516 0.3695355
Others 1.864988 ~1.309163 03101134

M A AT B /N AR T pR A
mwavelet (t) = a,[l - (1 + b,t) eih’t :' + ¢1VVt—1 + ¢2VVL‘72 + ¢3VVt73 (15)
3.3.2. HRBIMEEXTLE
¥J77 1% % (Mean Squared Error, MSE) & — iy & T{E 5 S 2 M Z 5 4 bs, HEHA M Fox, M
BN RN A BB . 0T — A TME D, FI Sy, i=1,2,---,n, WIBTIRETEALN
=3 [m(s)-m, ] (16)

AR5 B (Akaike Information Criterion, AIC)/& FSRAT & S tH LA UA L B A% I —FhbrifE . HAH
AR, ABNEREREGESE. HEAL N
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HAXT R % (Relative Error, RE) /& — iy &l (5 5 FCSAE 2 18] 22 e AR, R4 xR 2 5 HSLE
e, HAEM E Ron. M IRZEBUN, B PUIERr HOSHE, PN A #ERf R . RE IO A
B

(18)
il m(,) RO m S EIAH.

MAE (Mean Absolute Error, “T-¥J44%}i%7%)f1 MAPE (Mean Absolute Percentage Error, “F144%} & 43
bl i 22) T S 2R M 5 S b e 2 TR R ZE R R, oA X7

1 A
MAE:;ZL)/[_}}I‘ (19)
i=1
0, n -5
MAPE = 100% Sy (20)
n ol Y

e n WFEARHE;

v, A T ANFEARI SERE

¥, N | AT TIAR o

AV TR RLEAG 20 NP2y, 43 )56 T NHPP St i % MSE. AIC. MAE Al MAPE,
DA Rl /NI AT BB TR, MSE. AIC. MAE F1 MAPE. @it w LU R Ah 7 k0 M {EAN 4 48, W]
DAFS H UG BERR LT AR

B BT E S THE, AT BRI VRS E, B 4 R,

Table 4. Model comparison results

4. RELRER

AERGE DSSMSE WTDSS MSE DSS AIC WTDSS AIC DSS MAE DSS MAEP WTDSS MAE WTDSS MAEP

Catalina  452.2688 404.1873  615.4277 608.1878  18.80676 21.76459% 18.44811 24.0507%
Connectors  12.70266 10.16581  258.1812  239.903  2.780294 \ 2.678012 \
Others  203.0481 186.3737  535.3443  530.7754  12.03573 53.78229% 11.71335 52.3908%

ATLLE W, FHERT DSS AL, AR SCHTHE H RS /N R A E R RV A S R ) S IR A e
154 (Wavelet Transform DSS, WTDSS)) M {H. A4 fEF MAE 25/, 31X 15 B fil -G B A 0 e B 0L 5 300 R
2R/

HE— %} DSS 5 WTDSS HEAT f S 40L & 206k bb DA S s Fiom s ek b, 1Al 2 AP 3 Bl

I 3 afLLVE 1, WTDSS HE T DSS, A SR 75 1) A Sk il [ Pl 6 77, {56 45 g 5 3 00 6 n v 7
A
3.3.3. EFEFN

MRPE(3), PRI T Tomeat 9 HHE T ARG /N AL A NHPP AR, BIASCRTE H iRl & /s
VAN S A A T AR I S A R T A A (WTDSS),  HRIA=UA

i
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Figure 2. Fault fitting effect diagram
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Figure 3. Fault prediction effect diagram
3. WS FUNHIR E
M(t)zzmwaveleti(t) (21)
i=1

435 DSS 1 WTDSS % Tomcat 9 2025 4 4 A #| 12 H B FEE AT o A ST, 752145 3
% 5 s

Table 5. AR coefficients of the fusion model for Tomcat 9 components

%% 5. Tomcat 9 ‘A RIRREIRE! AR R

Catalina Connectors Others X
— R
Aoy R 2
DSS WTDSS DSS WTDSS DSS WTDSS DSS WTDSS
4 4.29 3.22 1.39 0.16 3.01 2.7 8.69 6.08
5 4.28 3.05 1.39 0.25 3 2.95 8.67 6.26
235 I FH H -t
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6 4.26 2.84 1.39 0.36 2.99 2.95 8.64 6.16
7 4.24 2.85 1.38 0.58 2.98 2.95 8.6 6.39
8 4.23 3.05 1.38 0.84 2.96 2.93 8.57 6.82
9 4.21 333 1.38 1.05 2.95 291 8.54 7.3
10 4.19 3.63 1.37 1.19 2.94 2.89 8.5 7.72
11 4.17 39 1.37 1.25 2.93 2.88 8.47 8.03
12 4.16 4.09 1.36 1.25 2.91 2.86 8.43 8.21

th3 5 W18, Catalina 1E A RGHIZ LA, KAERIBIEE S 4835 9. il % bk DSS A1 WTDSS #
T2k e LLE H, WTDSS [TAFE e/ NER s, Bk, SR m 20 o tb B E 4~6 By
7No

490

460

RIHERRE
3 5

124 126 128 130 132
ERIET=Y

Model -e- DSSi&EZ! -e- WTDSSHEE

Figure 4. Prediction comparison chart of the Catalina component
4. Catalina 2B 4700 T EE &
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Figure 5. Prediction comparison chart of the Connectors component
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Figure 6. Prediction comparison chart of the Connectors component
[& 6. Connectors 2B 45 % E: &

J14h, HI WTDSS X Gt 8 A i s Bt A7 W, 45 2 BS S8 d & 6 Fros

Table 6. AR coefficients of the fusion model for Tomcat 9 components

3% 6. Tomcat 9 tAHFAIBREIREL AR R

Ay 4 5 6 7 8 9 10 11 12
AL 4 6 11 13 13 12 8 6 6

T A R s 7 R

87 mpue
— W
8 ]
n _|
ﬁ —
@
£ o |
—
o
o

T T T T T T T T T T I T
2015 2017 2019 2021 2023 2025

A a]

Figure 7. Prediction chart of Tomcat 9 from April to December 2025
B 7. Tomeat 9 2025 £ 4 B E 12 B N E

4. itE5RE

ARSI T fib A /N A 3 AT S5 VR I R o R ) 5 A A ik e T A TR (W TDSS), 5 Rk 1
A A TR A K P Y05 A 5 K50 T s 0 M A, S R T T AR o v S R R AR R AL SR A % DSS
AT SEAS T, FRIE N AT R A B UG AT S5, TR S AU THE A . B s
Tomcat 9 HFEHHRE 1144, WTDSS ££ MSE. AIC 1 MAE #&#5 3L T DSS, #H] WTDSS Aei i Hid
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o7 P A R AR PR, AT R AR S ke 3
BT AR BARAR RG], A AT REAEAEINEA BN B AR E VE AN, FEARSRAR SRAIT 5T T R
PSR 2% (K M S BEAT R ) 2k im B A A e 1

E&WE

B K HAABAIE & T H (72361008), | 7 H A= 410 _F I H (2025GXNSFAA069686), 574 Fl
F R H (Gn5: PRSI [2023]— % 268).
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