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input_layer (InputLayer)

Output shape: (None, 13)

dense (Dense)

Input shape: (None, 13) | Output shape: (None, 10)

input_layer (InputLayer)

Output shape: (None, 12)

dense (Dense)

dense_1 (Dense)

Input shape: (None, 10) | Output shape: (None, 10)

Input shape: (Nene, 12) | Output shape: (Nene, 10)

dense_2 (Dense)

Input shape: (None, 10) | Output shape: (None, 10) dense_1 (Dense)

Input shape: (Nene, 10) | Output shape: (None, 10)

dropout (Dropout)

dropout (Dropout)

Input shape: (None, 10) | Output shape: (None, 10)

Input shape: (None, 10) | Output shape: (None, 10)

dense_3 (Dense)

dense_2 (Dense)

Input shape: (None, 10) | Output shape: (None, 10)
( ( ) Input shape: (None, 10) | Output shape: (None, 10)

dense_4 (Dense) dense_3 (Dense)

Input shape: (None, 10) | Output shape: (None, 10) Input shape: (None, 10) | Output shape: (None, 10)

dropout_1 (Dropout) dense_4 (Dense) dense_5 (Dense)

Input shape: (None, 10) | Output shape: (None, 10) Input shape: (None, 10) | Output shape: (None, 100) Input shape: (None, 10) | Output shape: (None, 100)

]

dense_6 (Dense) dense_7 (Dense)

dense_5 (Dense)

Input shape: (None, 100) | Output shape: (None, 10) Input shape: (None, 100) | Output shape: (None, 10)
Input shape: (None, 10) | Output shape: (None, 10)

dense_8 (Dense) dense_9 (Dense)
dense_6 (Dense)
Input shape: (None, 10) | Output shape: (None, 10) Input shape: (None, 10) | Output shape: (None, 10)
Input shape: (None, 10) | Output shape: (None, 10) l i
dropout_1 (Dropout) dropout_2 (Dropout)
dropout_2 (Dropout) Input shape: (None, 10) | Output shape: (None, 10) Input shape: (None, 10) | Output shape: (None, 10)

Input shape: (None, 10) | Output shape: (None, 10)

dense_10 (Dense) dense_11 (Dense)

dense_7 (Dense) Input shape: (None, 10) | Output shape: (None, 20) Input shape: (None, 10) | Output shape: (None, 20)

Input shape: (None, 10) | Output shape: (None, 10) i

dense_12 (Dense) dense_13 (Dense)

dense_8 (Dense) Input shape: (Nene, 20) | Output shape: (Nene, 1) Input shape: (Nene, 20) | Output shape: (None, 1)

Input shape: (None, 10) | Output shape: (None, 10)

dense_5 (Dense) X 2 WE~ILF R R ZEBPOE TR,

Input shape: (None, 10) | Output shape: (None, 1)

X 1: EES > ITNRA7EEDETNAEE.

HEWHT2 I eBRETH L. KRXICBWTHKRT 2HES Y N R RV EHERERVF R A
FEHOETAMEZK 1 BXOH 21TRT.

KT, HREXEOHEARE LTFr s o 2 7' 55E Python I2B1) % TensorFlow % W 3.
ZDEE, OSS 74—V My 7 —=RINT BHE~ LT X R 7 EE DB PTREMEIC DWW TGRS 5.
Bz, EE~LF ZR72EFC X3 FHIHEDOZEIZOWT, EBEO 75—V ey 75— X EHA L
BUEHNC RO ZHEE T 5 Z & T, OSS [BHMFHMGiD7zDICFIHATE 27 A b7 — X DHiHPHEE~ LV F
KR 7 EE DTS OWTEE T 5.




—— Testing Data Estimate

o Estimate (Opened)

-
o
o

80

60

Estimate

Opened Time Interval Between OSS Faults

40 4 4
" | ’ “%‘ ’ | i d ‘h i N
of | L Tl Mn‘km Wkttt b o
0 250 500 750 1000 1250 1500 1750 0 20 40 60 80 100
Number of Faults Testing Data

M3: YUV NRAZEFADTFANF—&H KA PUITNVRATZETAVNDT AT —RZH

10%DGE BT B HEEX N7 +—L b 10%DGEE BT HEEINZT75—L b
FE RUIRFfH eI bR, 8 LIS ] R o D A 1.
3 BHE#H

REX T, REFEOHNZEBIIH LT, UMIRT X547 +—u FFERRHERS X7+ —
v MEIERF IR 2 i 3 % .

Oé(l) = 05 — 04—-1, (1)

5(1) = Mm; —M;1. (2)

TIZT, 0%, iBHD 7 AL PIBIFB 7+ — NV EARNERST. TOL X, 0, —o0;_1 &, | HH
i—1HZHOMICBI S 7 +—L P EARMMEEEERS. Thb5, ali) DEPIRELKRBZIIONT,
OSSEHHEDLM ET 23 2L 2B KT 2. M, m 1, i BHD 7 +—L MZBIF 2 7 +—L MEIER
WNERT. ZOLE, mi—mi_1 &, i BHE i — 1 FHOBIZE T2 7+ —L MEERHEHRZRT.
ThbB, Bi) DMPBKELRBIZONT, 7+ —IL MEIEMYRIED LT 2 Z v 2EKT 5.
KX T, WES Y INERIEH e RE<NLVF XA ZFCBITS5 0SS 7+ — Ly 5 —X&
WS B0 e TURHEICOWTHERT 272012, a(i) BEEHSY ¥ 2NV R R 7 EROHINER Y L, a(i)
BXUBG) RIEEYLF X R ZEHOEMNER L T 5.

4 BAEf

OpenStack 9] 2 HIFENTNT N T 9 XV TS RAT LD T +— My 77— ZIED S BUER 2 7R
T.M3BIUOKAIE, YTV RATZETADT AT =R 10%DGECBT 2HE sz 7 + —
N REAREERES 020K ERT. £z, SUITALRRATZETADELEIIBWT, TAMF—
20 20%, 30%, 40%, BEU50%DHE BT BHE I 7 +—)L b FREARRRRES X 02O
K%K 5~12 ICZNZAURT.

FIREIC, K13~ X 161%, WILFRXRATZETFTADT AT — XD 10%DGECB T 2 HEE SN2 7 +—
L M IERRFEIRRRE L 87 + — 0 MEEREIRFR ., ZR50MARE RS, X5IT, YALFXRATE
TADZEITBWTT AT =& 20%, 30%, 40%, BIXF50%DGEITBIIBHEEINLZT +—b
FELLREBIIRE B K 87 + —oL MEEERFBIRIR E, 205 OHHKIZX 17~32 IZFNFIRT .

X 3~32705, W ¥ 7NV RAZHEZHDGEIX, TR T — 2D 10%D5GE D RS TS RLE
LTCWBHETHHERTE 2. — /4T, TAN T —XEHPAREL B2 FEEMNETIRREZELTWY



Opened Time Interval Between OSS Faults

Opened Time Interval Between OSS Faults

7004

600 1

5004

400

3001

2004

100

700

600 4

500 4

400 4

3001

200

1001

—— Testing Data —— Estimate

e

1500 2000 2500 3000 3500

Number of Faults

0 500 1000

DY VINRRTETNDT AT —AZD

20%DGEICBIT AHEINTZT7 +—L b
FE RUIRFfH eI bR,

—— Testing Data —— Estimate

JWMML sk

i

2000 3000 4000 5000

Number of Faults

0 1000

DV VITNRRTETIADT AN T — &N

0% DIGEITBI BMEESI N7 +—IL b
ZE RURERE TR,

2HDD, FEFRINZZIIFIET RV
TAFNTF—RDERZE>TEEDEDBDD, 77— ROELDMENID ZFEEBREL TNE Z e 5.
EBIT, TES VY INEZR Ry FEE~LVF X R 7 FEDOEEICBY 2 fi45% (Mean Square
Errors, LR MSE tH&3) OHEMEER 1 BLUR2ITRT. R1BLUR2D25, HE I
R2A7ETFNADYLEICBWTIE, 7AFF—ZD 10%DLEOHECH DR RWZ e hotz. —HT,
FESNVFZRAZETFILDEEITENTIE, ig O HNZBOHEERSESLLRINICEWS — 237 A+
F =R 20%DEETH 7=,

5 HbHOHIC

ARE T, RES Y INRRAZERERE< VT 2R 7 HENTHD  OSS [ERNMEFHiEIC 351 55
JIAIHENE & 2 DRI OV Tk L7z, REAHICB 0TI, NA =85 X — X DRI H &

Estimate

10,

X 6:

Estimate

X 8 :

o Estimate (Opened)

300 400 500 600 700

Testing Data

SUTNERATETILDT AN T — XN
0% DGEICBIT BHEEEINTZT7 +—1 b
FE RIRFE R R o AR X1,

e Estimate (Opened)

3(‘)0 4(‘)0 S(I)O 6(I)0 7(I)0

Testing Data

0 100 200
SYINERRTETIVDT AT — XD

30%DLEICB T st N7 +— b
& FLIRE RS T o o0 BAT .

ATED. i, WHYAF R 2 EROREIE,



—— Testing Data —— Estimate

o Estimate (Opened)

7004 17.5
2
3
£ 600 15.0
%)
3
S 500 1 12.5
GJ
H
& 400 1 o 10.0
f £

=]
$ 300 & 754
£
GJ
£ | ]
= 200 5.0
?
c
@ 100 Wﬂd 2.5
S ‘
0- .._...J bt i by Jeoradod] 0.0
0 1000 2000 3000 4000 5000 6000 7000 0 100 200 300 ) 400 500 600 700
Number of Faults Testing Data

M9: SYPARAZEFADTFA T —&n K10 SUVINRATETIVDT AT =X
A0%DHBEITBIBHEEI N7 +—L b 0% DGEW B DRI N7 +— L
FE RUIRFfH eI bR, I & LIS R i o oD BCA 1.

—— Testing Data —— Estimate
e Estimate (Opened)

700
2
S 17.5
£ 600
& 15.0
] X
§ 500
g 12.5
g 400 o
o 1 -
— © 10.0
g £
I 4 n
230 w754
g
£ 2001 504
o
2
g 100 1 2.5
o

0 0.0
0 2000 4000 5000 8000 0 100 200 300 400 500 600 700
Number of Faults Testing Data

M1l: SYPZARRAZEFTADFRA T —&pn K12 SVINVRATETVLDT AT —ZN
50%0DG BB I BHEEI N7 +— b 50%DEFEWC BT BHEE I N2 7 +— v
I 37 BLIRE 1 e . I ¢ RLIRE [ s v D LA 1.

BHNWPDB ZeDBHSNT WS, FHZ, OSSO 7 +— L v VT —XREHES VIV RRA R v
K~V F RRA Y EEAGHEHAT 5B 0WT, ZOREEEEST 2 Z e TEhuL, 0SS EHEPL—
Y OB B2 5.

WS Y INRATFEE < NVF RAZFFIIN LT, TAN T —2% 10%Z L it 8724
BB 2 5 DOHEEA I OWTEAEAI 2R T L 2 b2, ZA5DEESRIcOWTikin L7z, Zhd
DFERD B, OSSDN=T a vy 7y THRRELBERLTVE EBbhd. K, 0SSIZiE, X714 v
JAN=Tay, A4 F—=—N=Tar7v 7 BIXUXITx—N=Uary7y7DLIIZ, FRFD -
Jaryy THAEHNERIEIAFHANCEREANATWS., 0SS D7+ —L P ERERIZOWTEZIGE,
ZHOLIN=Tar7y FWWHMKET 5720, SHRIEIAN—Ya >y 7y SIS LT ZRE LT
P BB DB EZB.



—— Testing Data —— Estimate

o Estimate (Opened)

N
o
o

400

w
o
o

3001

Estimate

N
o
o

-
o
o

1001

|

0 250 500 750 1000 1250 1500 1750 0 20 40 ) 60 80 100
Number of Faults Testing Data

Opened Time Interval Between OSS Faults

M 13: VAFRXRAZEFTADTANF—2010% X141 IAFRATZETNDT A DT —=XH10%

DLGETBI BHEEI N7 +—L MR DEETBI HEE I NIz 7 +— L MR
IRF FT T e RE ] T P oD AR 1.
—— Testing Data —— Estimate e Estimate (Changed)
2500 2500
8
5
£ 20001 2000 4
a
(e}
]
2 1500 1500
@ [
e ©
: :
£ 10001 & 1000
©
£
=
T 500 500
23
5
5 |
o LM i o
0 250 500 750 1000 1250 1500 1750 : =50 1000 =0 000 3200

Number of Faults Testing Data

B 151 YAFRRAZETNADT AT =ZDB10% X 16: <AFRAZETFLDT A N F—ZH10%

DEERBT HEE SN 7 + — L MEIE DB B HEE XN 7 + — L MEIE
He ] T . TR 5 P B oD 1A 4.

SHEF
AL D—E8%, JSPS BHREHEIHIE (C) (GEES 23K11066) DHEIEZII7=Z v 258 T 5.
BE ik

[1] P.K. Kapur, H. Pham, A. Gupta, and P.C. Jha, Software Reliability Assessment with OR Appli-
cations, Springer—Verlag, London, 2011.

[2] S. Yamada, Software Reliability Modeling: Fundamentals and Applications, Springer—Verlag,
Tokyo/Heidelberg, 2014.

[3] S. Yamada and Y. Tamura, “OSS reliability measurement and assessment,” Springer Series in

Reliability Engineering, Springer, 2016.



7004

Opened Time Interval Between OSS Faults

2500

Changed Time Interval Between OSS Faults

X 19 :

—— Testing Data —— Estimate

600 1

5004

400

3001

2004

100

ol

17

0

1500 2000 2500 3000 3500

Number of Faults

560 10‘00
RNVFRATETILDT AT —ZH20%
DGEIBT 2 HEEEINz 7 +— L P FER
PR ] T B

—— Testing Data —— Estimate

20001

1500

1000

500

Ak

2500 3000 3500

2000
Number of Faults

(I) S(I)O 10I00 15|00
SNVF RATETNLNDT A T —ZD20%
DGEIBT BHEEENZ 7 +—L MEIE

i ] PRI

Estimate

X 18 :

2500

2000

1500 1

Estimate

=
o
S
o

500 4

X 20 :

o Estimate (Opened)

300 400 500 600 700

Testing Data

0 100 200

SRNVFRATETLNDT AT —ZD20%
DEEITBI RIS 7 +— L bR
A<y R T B D B 1.

Estimate (Changed)

; ;-'\-Ji i et
%“'.’..:};;:.'- "'. .

o
a.

1000 1500 2000 2500

Testing Data

0 500

RVFRAZETNLDT AT —ZHD20%
DYFET BT HEE X NIz 7 + —L MEIE
HRE R R PR D BA K.

[4] Y. Tamura and S. Yamada, “Applied OSS Reliability Assessment Modeling, AT and Tools,”
Springer Series in Reliability Engineering, Springer, 2024.

[5] R. Pandey, et al., Artificial Intelligence and Machine Learning for EDGE Computing, Elsevier,
2022.

[6] X. Gibert, V.M. Patel and R. Chellappa, “Deep multitask learning for railway track inspection,”

IEEE Transactions on Intelligent Transportation Systems, vol. 18, no. 1, pp. 153-164, Jan. 2017.

[7] R. Ranjan, V.M. Patel and R. Chellappa, “Hyperface: A deep multi-task learning framework for

face detection, landmark localization, pose estimation, and gender recognition,” IEEE Transac-

tions on Pattern Analysis and Machine Intelligence, vol. 41, no. 1, pp. 121-135, 1 Jan. 2019.



—— Testing Data —— Estimate

o Estimate (Opened)

700
8 700
H
= 600 A
a 600
o
< 500
8 500
H
8 4001 9
% 2 400
£ 3907 & 3004
g
£ 2001 200
o
g
g 1001 1004
° J

0 il 0 - o o
0 1000 2000 3000 2000 5000 0 100 200 300 400 500 600 700
Number of Faults Testing Data

21 1 WAFRAVETILDT AN T —RD30% 221 RIVFRATZETILDT AT —X030%

DLGETBI BHEEI N7 +—L MR DEETBI HEE I NIz 7 +— L MR
I ] g IRE [ [ B D AR X,
Testing Data Estimate e Estimate (Changed)

2500 4 2500 1

2000 A 2000 1

1500 4 1500
©
£
k7]
1000 Y 1000
500 A 500

Changed Time Interval Between OSS Faults

0 1000 2000 3000 4000 5000

Number of Faults 0 500 1000 1500 2000 2500

Testing Data

21 NAFHATEFADTALTEBN 91 < 0F RRIEFADF R b Fe 25 30%

DIECEY HfEENT7 4=V HEIE DBEB BHEE ST 4 — 1 MEIE
. FER IR O A .

[8] S. Vandenhende, S. Georgoulis, W. Van Gansbeke, M. Proesmans, D. Dai and L. Van Gool, “Multi-
task learning for dense prediction tasks: A survey,” IEEE Transactions on Pattern Analysis and
Machine Intelligence, vol. 44, no. 7, pp. 3614-3633, 1 July 2022.

[9] The OpenStack project, OpenStack, http://www.openstack.org/



—— Testing Data —— Estimate

e Estimate (Opened)

700
E 700
3
L 600 A
A 600
o
£ 500 A
] 500
3
8 400+ ]
= 3 400
£

1 7
g 300 w300 A
g
£ 200+ 2004
e
2
g 100 100 4
o

o hoiosd Y| 04 e o sne e
0 1000 2000 3000 4000 5000 6000 7000 0 100 200 300 400 500 600 700
Number of Faults Testing Data

251 WAFRAZEFILDT A b F—RD40% 26 WILFRRAZEFNLDT AN F—XM40%
DEGETBI HEE I N7 +—V MR DEGETBI HEE XNz 7 +—L MR
RF R TR FF R R R O HAR K.

e Estimate (Changed)

Testing Data Estimate
2500 4 2500 1
2
3
£
«n 2000 4 2000 4
wn
o
c
G)
z
g 1500 - ° 1500 1
3 £
: £
O (7}
< 10004 1000
d)
£
=
°
o3 500 4 500 A
[=
©
=
(s}
04 0

0 1000 2000 3000 4000 5000 6000 7000

Number of Faults 0 500 1000 1500 2000 2500

Testing Data

DEREIBY SWEE N7 4 N MEIE DBEITBY BHEE SN 74— MEIE

fg ] i I [ FHIR OD HECAT .

£1: PUINANERRZEFTAD MSE I2E-D & ks,

FALNF—% | MSE
10% 72.92490
20% 468.87881
30% 317.47913
40% 377.00720
50% 300.96091




~

o

o
s

Opened Time Interval Between OSS Faults
= N w
o o o
o o o

o
s

X 29 :

v
o
S
o

N
o
S
o

N
=]
o
o

i
o
o
S)

Changed Time Interval Between OSS Faults

X 31 :

—— Testing Data —— Estimate

(=)

o

o
s

v

o

o
s

o

o

o
L

Estimate

2000

RNFRAZEFADTF A RF—2HB50% X 30:

4000 6000 8000
Number of Faults

DGETBT HEEEIN 7 +— L MR

e ] PRI

Testing Data Estimate

3000

K

Estimate

0 2000

4000 6000 8000
Number of Faults

RNVFRATETILDT AT —ZDB50% K 32
DGFEWIBIT 2 HEE N7 +—L MEBIE

R ] P

5000 A

4000 -

w
o
o
o
L

2000 A

1000 4

e Estimate (Opened)

S .

“
e e oo ° .

(I) 1(I)0 2(I)0 3(I)0 4(I)0 560 6(I)0 760
Testing Data

SNVFRRATETNLDT AT —XN50%
DEGEBI HEEEIN 7 +— L MR
A T T e oD BUAT 1.

e Estimate (Changed)

0 500 1000 1500 2000 2500
Testing Data

NN FRATETILDT AN T —ZXD50%
DLETBI BHEE I N7 +— L MEIE
HRE TSI B o AR 1K1

F 2. WAFRATZEFNIBIT S MSE 1I2H0 < HHHE R,

FTARMT—=4& | 1st MSE | 2nd MSE
10% 15115.284 | 123817.008
20% 484.835 88175.109
30% 321.620 122998.297
40% 371.631 129761.25
50% 457.777 | 2585779.75

10



