ITyPaAYEa—T4 279 2 BEREOFEAEEL
ZEZERLIES v TIEBEETIL

NS ERERE - BIBRAIFFERE A BHS (Yoshinobu Tamura)

tGraduate School of Sciences and Technology for Innovation, Yamaguchi University
HA7A - ¥— -+ 22 HiR & (Hironobu Sone) ft

TTIBM Japan, Ltd.

B HIRS: « A L2EMSERE R K (Ryota Ueki) T

1t Graduate School of Integrative Science and Engineering, Tokyo City University
SRR « Z58#% 1LH 7% (Shigeru Yamada) 17T

11T Emeritus Professor, Tottori University

1 [FC®IC

RE, 30D vR—3v F JoT) IZ&D, T/ LoTHART—ZBRELTWS., 2 Zh
DT —R%7 57 MK 3 —MEFTUR - 58T 2D TIERL, 7L Lz OV — NTUHT
BZLyParVCa—T4 YIPEKRLODOHE. ava—T 4 VI TNAL R K B ERBRNLRAFETIE,
REREIRY - 2 2 b - BENINICIZE o TV B Z e s, FEDZy I —NICZOUHEETR 2 22T, &
AT LE2RE L T—EDY — L RUHBEN ZHEFRFT 2 WS EZXTHD, 5G DN EFFIcTy Yo
YVEa—T 4 Y- ARFEHENRTWVWES.

Kz, A=V —XY 7 bv 27 (Open Source Software, M OSS ¥ H#%3) &, Ka X ok
HIHC XD TE 22228, 2599 FF -V R, HAAS AT LA, =N, BXE7 IV r—Ta
VIT IO TRY, RRARBRHEI AT LZBOWTHEHEINTE (1,2, =yyarya—T74v7
P— B RERBICSH, OSSIHIEELTETED, OpenStack D& 57427 5w K 0SS 123, StarlingX D X
STy 0SS arvE—2Y FHBHAATAOOH B.

LLEDS, Y—Ra—FPRNAINTVED, ZDEXal) 74 E LOME [3,4 1%L
DEHEPINEZINTVEZWVWIBRDD S, Z5L720SSE2MHLZY 7 b 27 AT LDNERE
HIVCEHliS 2 FRIRIZREINTE ST, BAW - SUTHEENGERATOI TV 2 OMBIRTH
%. ¥z, IEHED 0SS OHEMHIREICOWTE Z 725G, OSS HATIIR A RALREREY 7 bv =27 D
2w PR TOBBERN R 2EZBT 22 L I3IEHICEEL RS, KRS, 0SSIEZELDAA—Ta
Y7y TEREDVIRLENSKET 25E0Z V.

IOy dara—74 YOV THEZRES, DTo XS McED, +— b RBRED
A RBERICE > THEBRRZ T2 e hEZBND [5].

1. AP%—N=Tary7v 7/, “AF—N=Var7v 7, BLUNT T 4w I AIN=Tar7 v
BRYWES N— 3 VKET.

2. Ty IH—NE T T REDT —XEH & EEENUE,

3. IoT 7NA4 Re v I — N & OB, YN, B XOBRENZ 7 — &R O E W,

4. B, WiFi, 4G, BXU5G DX 5% %y b7 —ZEREIDE.



VIEU 2 THESRY 7 U 27 74— FOHBIZOWTHE R GG, Z0D 7 +—b M FERERIENE
KA IZEIZ B2 WR 5., RO LS — By + — & —7 + — VB ORREE, —oOMM, 7
BREOESHRE LTOMRBOELEE, BFHOARESRTFEEDNEB L IN TV IHENZ V. —T,
TyYaryta—74 YIREOEAE, Rl S khry b v—2, AWER, SR, AO
FRER Y, MRARIRBIC K 2EEZZIT V. RIS, HlAy PV =21 X 3\EREIX, —=yya
Y2 —T 4 VIRBICRDEEE SIS TVFEAREEKNTHE VR 5.

WEIZ, Z5 L7 0SSEERZER LY v ¥ TIHARE T VERE L TE 2. KT, Ty
AV a—T 4 YN T BBEEREOFMEZ(LEZ R LY v ¥ TIEBGREE 7T WSO W THkam g
3. ZOR, MHEETEIHCBOTESORMLE2 RT3 20ICZHIN TV 77—V ZfFEuC
BEox, )4 XDFAMNEIICOVWTERT 3. X512, EBOTF—X2FH LR LG %
Y.

2 JAADEEBMEL O v TILEBIEETIL

V7 Y27 OEHEEEFHMET 2 7-008FEF AL LT, CThETKEERBEIRAY 7Y 2713
BMEETADPRREINTER 3,4]. V7PV =7 EHERRET VI +—V b F—RIZESWTY 7
b = TSI NS D, T4 =L M EADKEK L R T uY 2 7 MREREENICHHET 5 2
EBTEIE, V7 by 7BREERICEWT QCD (Quality, Cost, Delivery) D2 & fb l
BRZZEMNARELRZDBDEER L. KL TE, V7 by o 7R TS Y v v FIEEGEE
EFMCONWTHRT 3.

izl t = 0 T OSS DEADBG S, TREOKRL t(t > 0) T TORABFETEAQR) FLLTFOHEMS
HERCE > TR EN 2D REL, TNETIE, V¥ Y THEEALR 6], UTD X5 7% Ito &
DM R [7,8] 1ITED L O v ¥ FIHUARRIC DWW Tk L T & 72 [9-11].

My (7)
mwﬂ:{Mﬂ—%&%{a—A@ﬂﬁ+a@—Aﬁﬂd¢ﬂ+d(E:U@—U). (1)
=1
ZZT, B) IFRAI CBT B THROZENEE, ald 0SS DREN=IayD) ) —RITHEL X
NBBFRTRERT. 72, o FEHSTI X=X THS. K1, M(7) &, w(t) BIZHUETRIRE 5 X —
RrELORTYVIBETHD, Rt ETII v Y IBRELEEREZET. 1130 v > THRPED
DHERMLAETH S, X5, V ZiHDOY v > FlEEERITHTRHEREHTH 2. X (1) DR
W AR E Ito ORNNEHWTEHRT 5 &,

Mt(T)

A@y_ab—mm{—LfMQ@—aw@—-Z:bg%}

Y725 [9-11]. AT, WHRTHOZENE B(1) X, HHODIBHiOY 7 vy = 7 {GHEREET
TOEBUT B FIERERERAT 2 22wk, XA2l-Tv0r 3 5.

; (2)

dF, ()
Bt) = a_d—}t;,*(t)a
F.(t) = a(l—e P, (3)
F(t) = a{l-(1+p8t)e"}. (4)

2T, BUIEBARIHOZE R 2R T, AHXTIE, Wiener BEB LU v ¥ FIEHGEED 2 4 XIEIC



MU THABEBZNGET 2 Z ik, BAMEIROY Y I 2%

M (1)
Aje(t) = a[l—exp{ Bt — }: bgV} (5)
M(T)
Ajs(t) = « ll — (1+ Bt)exp { Bt — Z logV} (6)

YEFRT D, ZIT, BEREGIYESWRED, BERIEICBIS /LA XOELEFHNTHI DL
RESTS., ZhrE, 7—VZHRBERICESSUTOX S REABBEZEET 3.

p(t) = +Z [ancos( Mt) + by, sin (27;“)} . (7)

ZIT, nlZH A 2N, TR3EBEOT— 22T, Ot E, HFRFA-RFLITO X 51058
N5,

2
ap =0, a, =0, bn:E{lf(fl)"}.

ZOYE, )1, p(t) DY HISH L TR R B TFO XS R E LTERT 3.

oo

0 = %3 oo (225) - (28] ®

n=1
HEHEE R v bV =2 B 2MADTTHICOWTEZ5E, 7—V TfBucE S GEEREORCAN
KB, 2y VY —7 THOBRD S D EMEERRBEEE AT IR BICZHEATWS, K
T, 29 LEHAE LHOTICBWTEZHIATWE 7— ) Zfifuc ko %, 2y by -2
BB & DR E FIIIMCE(LT 2 /A A LTEZ 5.

BEETFTNVREETNTVERTIXA =K q, f, BLU o IZOWTIE, @HEDOHERETILIZBWT Y
IKHIBNTWARAHEEEREH T 2. RXmcBIT 3P v v TIHFURREE T IOV T, Wiener i
BrYy r TIEBREORAMRIBETH 2 205, N7 X—XHEEIZOWTIE, ZOEDPosi
LwZedHishTtns, flzi, 2oREMZDIDOL LTE—X Y MEREDHEEINTWVWASY, 1
W T A= ZHEERE BRI AT VRV, —)F, Y Y THIEENE 87 X —XIEE 0 13—
FEEHICIE WO T, EllFT— X oRHAEER 7 — X 2o TIHZHEE LUk 5720, N
YIZBITARBEET ML, HEMRBITH B 2 h o, Wiz s iR & 7 — RS ORI
CWVWOBENS, Yy Y TIHIZEENERTX—REH O IZOVTIX, FF—ReEELETLE DM
2R BB L, ZoHNBEEER/MET 2720012, BN 713V XL E2FEHA LR [12-14].

3 BUER

OpenStack 70> = 7 + [15] b3 6N R TH T — 2 ES CEHER Z R~ T. K1 B LUK 213,
Nje(t) BEUA5(t) OEGECTBIT 2 HEE SN RBEFAR TR EZERT. KT, n=3 DHHEICBIT2HA
BIRCp(t) B X q(t) DHEEHIRZ N 3 1RT. ZOHA, nOliE kST 21EY, BBBICESL 2
EWD B

BT, pt) BEW q(t) DEBWBIT S/ 4 ZHIN,(t) BEU N;(t) T a0 2R 4 B X0
X 5 12T

Nu(t) = pt)ow(t), (9)
My (1)
Nj(t) = qlt) Y logVi. (10)



EFFORT (MAN*DAYS)

EFFORT (MAN*DAYS)

1.5e+09 -

1.0e+09 -

5.0e+08 -

0.0e+00 -

1.5e+09 -

1.0e+09 -

5.0e+08 -

0.0e+00 -

X 1

DATA —— Actual — Estimate —— Jump Diffusion Process

ey

' ' ' '
500 1000 1500 2000

TIME (DAYS)

Ajo(t) DIEEITBT 2 HEE S NI AT LDV > TSR,

DATA —— Actual — Estimate —— Jump Diffusion Process

X| 2 :

U 1 1
500 1000 1500 2000

TIME (DAYS)

Ajs(t) DIGEITBT HEE SNTAXAFE L DT > T L8R,

'
2500

'
2500



ESTIMATED WEIGHT FUNCTION

ESTIMATED SAMPLE PATH

DATA —— Jump Diffusion Process —— Wiener Process

' ' ' '
0 500 1000 1500 2000 2500

TIME (DAYS)

3 Aje(t) BEU AL (t) DIBEITBT B HEE ST HABR p(t) B q(t).

DATA —— Jump Diffusion Process —— Wiener Process
0.2-
0.1- l h
_0.1 -
_0.2_
] ] Ll 1 Ll 1
0 500 1000 1500 2000 2500
TIME (DAYS)

47 Aje(t) DBETBIT BHEE I NIz Noy(t) B N;(t) OF > TR,



DATA Jump Diffusion Process —— Wiener Process

0.2-

0.1-

ESTIMATED SAMPLE PATH
f=]
(==
2
3
E
g =
F

0 500 1000 1500 2000 2500

TIME (DAYS)

B 5 Ajs(t) DEEITBI 2HEE I NIz Ny(t) BE N;(t) DV > TSR,

4 &HbDIC

V7 b 2 7EEESFICBTAMAFICLD, BHEHICDIES Y 7 by = 7EEEREE T E)
HICHREINTE /. R THE 7+ -1 FOEFRMICER LGS, ZOomHE IIEERK A RO X
I RMAFRARMLTEIET 5. B, 7 A MHIKEFERY 7 9 = 7EEEREE T VIE, £ oMARx
—HITH 5. FERTEEZHEYNCEMR TS Z21E, 74— MREDIHICORN2BDLEZS.

MR, FRTEE THT 272009 % ¥ THHBEE T V2N O RE L TE L. RimC T, 15
WEETLFZONHICBVWTEHINTWS 77—V TR %, 2y MU —ZERELD 5 OEDEM
MCZELT S /4R LTERL. ZOLE, Tyvarya—7 4 YIRERPHETAZR2HIEL,
Wiener 82 & & v ¥ FHHGER OIS L7z 7 4 ZIECH UL TEABBKEID Afvd Z2ickh, BERW
RRUER & ¥ H IR E T MOV ottt L7z

A E
AWFED—HRIZ, JSPS RTEEARHTSE (C) GRE®ERS 20K11799) DB 2321072 L 2Nl 5.
BE R

[1] S. Yamada and Y. Tamura, OSS Reliability Measurement and Assessment, Springer International
Publishing, Switzerland, 2016.

[2] J. Norris, “Mission-critical development with open source software,” IEEE Software Magazine,
Vol. 21, No. 1, pp. 42-49, 2004.

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



[4]

[11]

[12]

[13]

[14]

[15]

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

S. Wang, Y. Zhao, J. Xu, J. Yuan, and C.H. Hsu, “Edge server placement in mobile edge com-
puting,” Journal of Parallel and Distributed Computing, Vol. 127, pp. 160-168, 2019.

R.C. Merton, “Option pricing when underlying stock returns are discontinuous,” Journal of Fi-
nancial Economics, Vol. 3, Issues 1-2, pp. 125-144, 1976.

L. Arnold, Stochastic Differential Equations—Theory and Applications. John Wiley & Sons, New
York, 1974.

S. Yamada, M. Kimura, H. Tanaka, and S. Osaki, “Software reliability measurement and assess-
ment with stochastic differential equations,” IEICE Transactions on Fundamentals, Vol. E7T7-A,
No. 1, pp. 109-116, 1994.

Y. Tamura, H. Sone, and S. Yamada, “Productivity assessment based on jump diffusion model
considering the effort management for OSS project,” International Journal of Reliability, Quality
and Safety Engineering (World Scientific), Vol. 26, No. 5, pp. 1950022-1-1950022-22, 2019.

Y. Tamura, H. Sone, K. Sugisaki, and S. Yamada, “A method of parameter estimation in flexible
jump diffusion process models for open source maintenance eflort management,” Proceedings of the
IEEE International Conference on Industrial Engineering and Engineering Management, Macau,
China, December 15-18, 2019, CD-ROM (Reliability and Maintenance Engineering 2).

Y. Tamura, H. Sone and S. Yamada, “Flexible jump diffusion process models for open source
project with application to the optimal maintenance problem,” International Journal of Reliability,
Quality and Safety Engineering, Vol. 27, No. 6, World Scientific, pp. 2050020-1-2050020-18, 2020.

Y. Tamura and S. Yamada, “Maintenance effort management based on double jump diffu-
sion model for OSS project,” Annals of Operations Research, DOI: 10.1007/s10479-019-03170-w,
Springer US, Online First, pp. 1-16, February 2019.

J.H. Holland, Adaptation in Natural and Artificial Systems, University of Michigan Press, Ann
Arbor, MI, 1975.

K. Sugisaki, Y. Tamura, and S. Yamada, “OSS effort expense optimization based on Wiener
process model and GA,” Journal of Software Engineering and Applications, Vol. 14, No. 1, pp.
11-25, 2021.

The OpenStack project, Build the future of Open Infrastructure, https://www.openstack.org/



