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ιϑτΣΞͷΠϯΫϦϝϯλϧ։ൃʹ͓͚Δ
৴པੑධՁϞσϧʹؔ͢Δڀݚ

A STUDY ON SOFTWARE RELIABILITY ASSESSMENT MODELS FOR INCREMENTAL

DEVELOPMENT ENVIRONMENT

໊ߛ৳

Hironobu SHIINA

һڭಋࢦ ଜޫ

๏େֶେֶӃڀݚֶՊγεςϜֶઐ߈म࢜՝ఔ

In the literature of software reliability growth modeling, almost of all models have

been constructed based on the so-called waterfall software development scheme. This

thesis proposes a new methodology for the purpose of software reliability assessment

in the agile/incremental software development processes. After the model description,

we analyze some real datasets by using the proposed model. We show that our model

can present good prediction results for the achieved reliability in the final phase of the

incremental software development.

Key Words: Software reliability, Software metrics data, Incremental software development

1. ͡Ίʹ

ιϑτΣΞʹજ͢ࡏΔϑΥʔϧτͷΛ͍ߴਫ਼

Ͱਪఆ͍ͨ͠ͱ͍͏తͷͨΊ, ैདྷ͔Βଟ͘ͷιϑ

τΣΞ৴པੑϞσϧ͕։ൃ͞Ε͖ͯͨ. தͰ, ιϑτ

ΣΞ։ൃͷ࠷ऴஈ֊Ͱ͋Δςετఔʹ͓͍ͯ࠾औ͞

ΕΔ, ιϑτΣΞςετؒ࣌ͱྦྷੵൃݟϑΥʔϧτͷ

σʔλΛ༻͍ͯ, ղੳతʹιϑτΣΞͷྦྷੵྻܥ࣌

ϑΥʔϧτͳͲͷ৴པੑΛධՁ͢ΔϞσϧ, ͭ·Γι

ϑτΣΞ৴པੑϞσϧۙ, Α͘ΒΕͨͷ

ͱͳΓͭͭ͋Δ. ҰํιϑτΣΞ։ൃख๏, ಛʹιϑτ

ΣΞ։ൃϓϩηεͷվળྗతʹߦΘΕ͍ͯΔ. ͦ

ΕΒݹయతͳΥʔλʔϑΥʔϧܕͷ։ൃϓϩηεΛ

٫͠, ։ൃ్தͰͷ༷ͷมߋͳͲ, ΥʔλʔϑΥʔ

ϧܕ։ൃϓϩηεͰରԠ͕ࠔͰ͋ΔཁٻʹԠ͑Α͏

ͱ͍ͯ͠ΔͷͰ͋Δ. ͦΕΒͷதͰΞδϟΠϧ (agile;

,හͳ)։ൃख๏ۙ͞Ε͓ͯΓػ ൺֱతখنͳ

ιϑτΣΞͷ։ൃʹ༻͍ΒΕ͖͍ͯͯΔ. ຊڀݚͰ,

ΞδϟΠϧ։ൃͷ̍ͭͱͯ͠ΒΕΔ, ΠϯΫϦϝϯλ

ϧ։ൃʹண͠, ͔ͦ͜ΒಘΒΕΔσʔλʹ͍ͯͮج, ι

ϑτΣΞͷ৴པੑΛධՁ͢ΔϞσϧʹ͍ͭͯݕ౼͢Δɽ

ಛʹ, ͜ͷϓϩηε, ΥʔλʔϑΥʔϧܕϓϩηεʹ

ൺͯ, ظʹΔྻܥ࣌σʔλ͕ಘΒΕͳ͍ͱ͍͏ಛ

͕͋Δ. ͜Ε͕ྻܥ͍࣌σʔλ͕ຊಘΒΕΔͱ͍

͏ͷʹͳ͓ͬͯΓ, ैདྷͷιϑτΣΞ৴པϞσ

ϧ͕͏·͘ద༻Ͱ͖ͳ͍߹͋Γ͏Δ. ຊڀݚͰ͜

ͷΛճආ͠, ·ͨ, ιϑτΣΞ։ൃͷ্ྲྀఔ͔Βผ

్ಘΒΕΔใΛΈೖΕΔख๏ʹ͍ͭͯݕ౼͢Δ [1].

2. ιϑτΣΞ։ൃϓϩηε

(1) ΠϯΫϦϝϯλϧ։ൃ

ΠϯΫϦϝϯλϧ։ൃͱ,γεςϜશମΛ෦ʹׂ

ͯͦ͠ΕΒΛஈ֊తʹ։ൃ͠, ίΞͱͳΔ෦ʹରͯ͠

Ͱશମʹ౷߹͍ͯ͘͠։ൃํ๏Ͱ͋Δܗ͏ߦ֦ுΛػ

ʢਤ রʣɽׂͨ͠෦ͷͦΕͧΕΛΠϯΫϦϝϯτࢀ1

ͱ͍͏. ΥʔλʔϑΥʔϧϞσϧͰ, ιϑτΣΞ

ͷ։ൃఔΛఔ͝ͱʹ໌֬ʹ۠ผ͍ͯ͠Δ. ͦͷͨΊ,

։ൃͷਐཧ͕͘͢͠େنγεςϜͷ։ൃʹ͓͍

ͯ, ৴པੑͷ͍ߴγεςϜΛߏஙͰ͖ΔϝϦοτ͕͋

Δ. ͔͠͠ͳ͕Β, ҰํͰσϝϦοτ͋Δ. Υʔλʔ

ϑΥʔϧϞσϧ, ίʔςΟϯάΛ࢝ΊΔ·Ͱʹͯ͢

ͷཁٻͱઃ͕֬ܭఆ͍ͯ͠Δ͜ͱΛٻΊ͍ͯΔ. ͔͠͠,

ཁ߲ࣄٻৄࡉͷઃܭΛͯ͢໌֬ʹ͢Δ͜ͱ؆୯Ͱ

ͳ͘·ͨ, γεςϜͷཁ߲ࣄٻ࣌ʑࠁʑͱมԽ͠

͍ͯΔͷ͕ී௨Ͱ͋Δ. ΥʔλʔϑΥʔϧϞσϧͷܽ

Λࠀ͢ΔͨΊ, ಛʹ༷มߋͷॊೈੑ͕͍ߴͱ͞

ΕΔΠϯΫϦϝϯλϧ։ൃख๏͕ఏҊ͞Ε, ࣮ફ͞Εͯ

དྷ͍ͯΔ [2].



ਤ 1 ΠϯΫϦϝϯλϧ։ൃͷ֓ཁɽ

3. ϞσϦϯά

(1) NHPPϞσϧ

දతͳιϑτΣΞ৴པੑϞσϧͱͯ͠ NHPPϞσ

ϧʹ͍ͭͯड़Δ [3, 4]ɽ͍·ɼܭաఔ {N(t), t ≥ 0}
Λ

Pr[N(t) = n] =
H(t)n

n!
exp[−H(t)] (n = 0, 1, . . .),(1)

E[N(t)] = H(t), Var[N(t)] = H(t), (2)

ͱද͠ɼH(t)͕ tͷҰؔ࣍ͱͳΒͳ͍ͱ͖ɼ͜ Εඇ

ಉ࣍ϙΞιϯաఔʢnonhomogeneous Poisson processʣ

ͱݺΕΔɽ͜͜ͰɼH(t) ฏۉؔͱݺΕΔɼ

H(0) = 0 ͱͳΔ୯ௐ૿ՃؔͰ͋Γɼ͜ͷաఔͷؒ࣌

ड़͢Δɽ͜ͷͱ͖ɼςεهతৼ͍Λۉաʹର͢Δฏܦ

τࠁ࣌ t ʹ͓͚ΔྦྷੵൃݟϑΥʔϧτΛ N(t) ͱஔ͘

͜ͱʹΑΓɼιϑτΣΞͷ৴པੑϞσϧͱͯ͜͠ͷ

ΈΛ࠾༻͢Δ͜ͱ͕Ͱ͖Δɽ࣮ࡍͷϞσϧԽʹ͓͍ͯ

ɼ؍ଌσʔλΛΑ͘ද͢ฏۉؔH(t)ΛదʹબͿ

ඞཁ͕͋Δ͕ɼ͍·ԾʹɼԆ SܗࣈιϑτΣΞ৴པ

ϞσϧΛ༻͍ΔͱɼΠϯΫϦϝϯλϧ։ൃʹ͓͚

ΔϞσϧԽͷྫͱͯ͠ɼҎԼͷఆࣜԽ͕͑ߦΔɽ͢ͳΘ

ͪɼ֤ϑΣʔζ i (i = 1, 2,ʜ, I) ͷજࡏϑΥʔϧτͷ

Λظ ai, ϑΥʔϧτൃݟΛ bi, ςετࠁ࣌Λ tͱ͢

Δͱ, ฏۉؔ Hi(t)Λ

Hi(t) = ai[1− (1 + bit)e
−bit], (3)

ͱͰ͖Δɽະύϥϝʔλ, ai ͓Αͼ bi ͷਪఆʹ͍ͭͯ

ɼຊڀݚͰϝτϦΫεσʔλʹਵͯ͠ಘΒΕΔ࣌

খೋ๏ʹΑΓ࠷๏࠷σʔλΛ༻͍ͯɼྻܥ ai ,bi

Λਪఆ͢Δɽ

(2) ৴པੑධՁई

NHPPͷฏۉΛ༻͍ͯ༩͑ΒΕΔιϑτΣΞͷ৴

པੑධՁईʹ͍ͭͯड़͓ͯ͘.

2.1 ιϑτΣΞ৴པ

ςετ͕ࠁ࣌ t ·Ͱਐ͍ͯ͠ߦΔͱ͖ʹ, ؒ۠ؒ࣌

(t, t+ x]ʹ͓͍ͯιϑτΣΞނোͷൃੜ͠ͳ͍֬

R(x|t) = exp[−{H(t+ x)−H(t)}], (4)

ͱͳΔ. ࣜ (4) , ιϑτΣΞ৴པ (software relia-

bility)ͱݺΕΔ.

2.2 MTBF

ؒ۠ؒ࣌ (t, t+ x]ʹ͓͍ͯιϑτΣΞނো͕ൃੜ͢

Δ֬ΛٻΊΔͱɼͦΕ

F (x|t) = 1−R(x|t)
= 1− exp[−{H(t+ x)−H(t)}], (5)

ʹΑΓ༩͑ΒΕΔ͕ɼฏۉ͕ؔ H(∞) < ∞ Ͱ͋Δ

߹ɼF (x|t)௨ৗͷؔͷ݅ F (∞|t) = 1Λ

ຬ͍ͯ͠ͳ͍. ͕ͨͬͯ͠ɼͨͱ͑طʹड़ͨԆ S

ؒ࣌োൃੜނΔ߹ɼιϑτΣΞ͢༺࠾ϞσϧΛܗࣈ

ִؒͷฏۉ௨ৗͷ MTBF ͷఆٛ௨ΓʹٻΊΒΕ

ͳ͍ɽͦͷͨΊɼ࣮తʹ NHPPͷڧؔͷٯ

MTBFI(t) =
1

h(t)
, (6)

ɼςετؒ࣌Λ NHPPͷฏۉؔͰׂͬͨ

MTBFC(t) =
t

H(t)
, (7)

Λఆٛ͠, ͦΕͧΕΛฏۉιϑτΣΞނোִ͋ؒؒ࣌

Δ͍ฏۉϑΥʔϧτൃִ͍ؒؒ࣌ݟΘΏΔ MTBF ͷ

ସతईͱͯ͑͠ߟΔ͜ͱ͕Ͱ͖Δ. ͜ΕΒςετ

ࠁ࣌ tʹ͓͚ΔॠؒMTBF(instantaneous MTBF)͓Α

ͼྦྷੵ MTBF(cumulative MTBF) ͱݺΕ͍ͯΔ [3].

ຊڀݚͰ, ࣮ͰΑ͘༻͍ΒΕΔྦྷੵ MTBF Λ࠾

༻͠, ࣮ଌσʔλʹͮ͘جιϑτΣΞͷ৴པੑධՁ (༧

ଌ)ʹ͍ͭͯ͢ߟΔ.

4. ϝτϦΫεσʔλ

௨ৗͷιϑτΣΞ։ൃͰ, ιϑτΣΞ։

ൃϓϩηεΛಛ͚ΔϝτϦΫεσʔλͱͯ͠ςετ

έʔε։ൃنͳͲ͕؍ଌ͞Ε, ͜ΕΒϑΥʔϧτ

.Λ༩͑Δ͜ͱ͕ΒΕ͍ͯΔڹʹେ͖͘Өࣄग़ݕ ຊ

ͷతͷҰͭɼୈڀݚ 1ϑΣʔζ͔Βୈ i− 1ϑΣʔζ

·ͰͷϝτϦΫεσʔλΛ༻͍ͯɼ࠷ऴʢग़ՙલʣͷ

ϑΣʔζͰ͋Δୈ I ϑΣʔζͷϓϩάϥϜʹؚ·Εͨ

ιϑτΣΞϑΥʔϧτΛਫ਼Α͘ੵݟΓ͍ͨͱ͍͏

ͷͰ͋ΔɽҎԼʹɼจݙ [1] ɼ͋Διϑτ͍ͯͮجʹ

ΣΞ։ൃϓϩδΣΫτʹ͓͍ͯ؍ଌ͞ΕͨϝτϦΫε

σʔλ͓Αͼྻܥ࣌σʔλͷҙຯ͚Λࣔ͢ɽ



(1) มྔͷҙຯ͚ͮ

ຊڀݚͰɼطଘͷจ [1]ͰΘΕͨιϑτΣΞ։

ൃϓϩδΣΫτͷσʔλΛ༻͍ͯɼߏங͞ΕͨϞσϧͷ

༧ଌਫ਼ΛධՁ͢ΔɽҎԼʹɼ֤σʔλͷҙຯ͚߹

Θͤͯྻ͢ڍΔ.ຊڀݚͰ̎ͭͷϓϩδΣΫτͷϝτϦ

ΫεσʔλΛѻ͕ͬͨ͜͜Ͱ, ͦͷͷ 1 ͭͷϝτϦ

ΫεσʔλͷΈΛհ͢Δ.

1.1 ϝτϦΫεσʔλ

֤ϑΣʔζ i(= 1, 2, · · · , I)ʹର࣭ͯ͠ʹؔ࿈ͨ͠ϝ
τϦΫε QM, ։ൃنʹؔ࿈ͨ͠ϝτϦΫε SM ؍͕

ଌ͞Ε͍ͯΔ. ද 1 ͓Αͼද 2 ʹຊڀݚͰੳ͢Δϓϩ

δΣΫτʹ͍ͭͯͷ؍ଌσʔλΛࣔ͢.

ද 1 ϝτϦΫεσʔλ [1](લ).

INC No. days No. faults MD UT RV

i ti xi yi,1 yi,2 yi,3

1 5 6 3 28 18

2 7 14 2 25 25

3 4 3 4 6 7

4 4 4 1 19 10

5 3 2 2 24 16

6 5 8 3 26 19

ද 2 ϝτϦΫεσʔλ .(ޙ)[1]

INC No. test cases Size Effort

i yi,4 yi,5 yi,6

1 1259 24.1 78

2 686 22.3 118

3 664 8.6 53

4 797 6.6 70

5 673 10.2 67

6 1422 12.8 86

͜͜Ͱ, .ҎԼͷ௨ΓͰ͋Δ߸ه

i INC

ιϑτΣΞ։ൃϓϩδΣΫτʹ͓͚ΔϑΣʔζ.

ti No. of days

ୈ iϑΣʔζʹ͓͚Δςετʹ͔͔ͬͨ.

xi No. of faults

ୈ i ϑΣʔζͷ࠷ऴతͳྦྷੵιϑτΣΞϑΥʔϧ

τ.

yi,1 MD: No. of modules in development (0ʙ100)

ୈ iϑΣʔζʹ͓͍ͯ, ։ൃ͞ΕͨϞδϡʔϧͷ.

yi,2 UT: No. faults detected in unit test

ୈ i ϑΣʔζͷ݁߹ςετʹ͓͍ͯݕग़͞Εͨιϑ

τΣΞϑΥʔϧτ.

yi,3 RV: No. of reviews (/KLOC)

ୈ i ϑΣʔζͷ݁߹ςετͷલʹߦΘΕΔϨϏϡʔ

ͷ.

yi,4 No. of test cases

ୈ i ϑΣʔζͷγεςϜςετͰ࣮͞ࢪΕͨςετ

έʔε.

yi,5 Size

ୈ iϑΣʔζͷ։ൃنͷେ͖͞. KLOCͰද͞Ε

Δ (1 KLOC=1000 Lines of Code).

yi,6 Effort

ୈ iϑΣʔζͷԆͷςελʔͷ.

1.2 σʔλྻܥ࣌

ఏ͞ڙΕ͍ͯΔσʔλ, ্ड़ͷϝτϦΫεσʔλͩ

͚Ͱͳ͘, .σʔλ༩͑ΒΕ͍ͯΔྻܥ࣌ ͜Εʹ͍ͭ

ͯड़Δ. σʔλ֤ϑΣʔζ i(= 1, 2, · · · , I)ʹରͯ͠
ͷςετ࣮ࢪ͓ΑͼൃݟϑΥʔϧτ͔ΒͳΓɼͦͷ

૯͕ϑΣʔζ iʹ͓͚Δ xi ʹҰக͢Δɽද 3͓Αͼද

4 ʹຊڀݚͰੳ͢Δ 2 ͭͷϓϩδΣΫτʹ͍ͭͯͷ؍

ଌσʔλΛࣔ͢.

ද 3 ProjectAͷྻܥ࣌σʔλ [1](લ).

INC.1 INC.2 INC.3

10/27 2 11/24 4 12/22 1

10/28 0 11/25 1 12/23 0

10/29 1 11/26 1 12/24 0

STؒظ 10/30 2 11/27 3 12/25 2

10/31 1 11/28 2 12/26 0

11/29 1

11/30 2

ද 4 ProjectAͷྻܥ࣌σʔλ .(ޙ)[1]

INC.4 INC.5 INC.6

1/28 1 2/26 0 3/22 1

1/29 3 2/27 2 3/23 3

1/30 0 2/28 0 3/24 1

STؒظ 1/31 0 3/25 1

3/26 2

3/27 0

5. Ϟσϧͷద༻๏

ຊڀݚͰɼҎԼͷखॱʹैͬͯɼΠϯΫϦϝϯλϧ։

ൃͷ࠷ऴϑΣʔζʢͦͷ൪߸Λ I Ͱද͢ʣʹ͓͚Δྦྷੵ



MTBFΛਪఆ͢Δํ๏ΛఏҊ͢Δɽ࣮ࡍͷৄࡉʹ͍ͭͯ

࣍અʹड़Δ͜ͱͱ͠ɼ͜͜Ͱུ֓Λઆ໌͓ͯ͘͠ɽ

Step 1ɿ ϑΣʔζ൪߸Λ i = 1ͱ͢Δ

Step 2ɿ ୈ i ϑΣʔζͰͷྻܥ࣌σʔλʹରͯ͠ɼ

NHPP ϞσϧΛద༻͢Δɽฏۉؔ H(t) ʹ͍ͭ

ͯɼࢦ͋ܗΔ͍Ԇ SܗࣈΛ༻͍Δ͜ͱͱͳ

Δ͕ɼͦͷબʹ͍ͭͯྻܥ࣌σʔλͷؒ࣌มԽ

ͷৼ͍Λάϥϑʹඳ͖ɼͦ ͷେ·͔ͳܗঢ়͔Βબ

͢Δɽ͜ͷΑ͏ͳฏۉؔͷબɼΥʔλʔ

ϑΥʔϧܕ։ൃͰͷ NHPPϞσϧͷద༻ʹ͓͍ͯ

௨ৗͳ͞ΕΔํ๏Ͱ͋Δɽͦͷ݁Ռͱͯ͠ɼNHPP

ͷద༻ʹΑΓɼͦͷϑΣʔζͷฏۉؔʹؚ·Ε

Δύϥϝʔλɼai ͓Αͼ bi ͕ਪఆ͞ΕΔɽ͜ͷͱ͖

ͷਪఆ๏ɼຊڀݚͰͷࢼΈͱͯ͠ɼ࠷๏ͱ࠷খ

ೋ๏ͷͦΕͧΕΛ͜͢ࢼͱͱ͢Δɽ

Step 3ɿ i = i + 1 ͱͯ͠ɼ͠ i < I − 1 ͳΒ

Step 2ʹΔɽ

Ҏ্ʹΑΓɼ৴པੑ༧ଌͷରͰ͋ΔϑΣʔζ I ʹର͠

ͯɼI − 1·Ͱͷྻܥ࣌ղੳ͕ऴ͍ྃͯ͠Δɽଓ͍ͯҎԼ

ʹै͏ɽ

Step 4ɿ͜͜·ͰʹಘΒΕͨ (ai, bi) (i = 1, 2, . . . I−
1)ͷਪఆΛ༻͍ͯɼҎԼͷߏΛԾఆ͠ϝτϦΫ

εใΛར༻ͯ͠ɼ(ai, bi)ͷΛमਖ਼্ͨ͠Ͱɼߋ

ʹୈ I ϑΣʔζͷ༧ଌʹ༻͍ΔͨΊͷύϥϝʔλɼ

(aI , bI)Λਪఆ͢Δɽ

ͭ·Γɼ֤ϑΣʔζͰಘΒΕͨ (ai, bi)ͷਪఆɼલऀ

ͦͷϑΣʔζͰͷજࡏϑΥʔϧτͷɼऀޙϑΥʔ

ϧτͷൃݟʹରԠ͢ΔྔͰ͋ΔɽͦΕΒͦͷϑΣʔ

ζͰͷ։ൃۀ࡞ʹΑͬͯͷେখ͕Ө͞ڹΕΔͱ͑ߟΔ

Θ͚Ͱ͋Δɽ͕ͨͬͯ͠ɼఆύϥϝʔλ α0ʙα3ɼ͓Α

ͼ β0ʙβ3 Λಋೖͯ͠

log ai = logα0 + α1yi,k + α2yi,l + α3yi,m, (8)

log bi = log β0 + β1yi,k + β2yi,l + β3yi,m

(i = 1, 2, . . . , I − 1), (9)

ͷ͕ؔ͋ΔͱԾఆ͢Δɽ͜ͷߏઌڀݚߦ [1] ʹ͓

ΕͨͷΛमਖ਼ͯ͠༻͍͍ͯΔɽࣜ͞༺࠾͍ͯ (8) ͓Α

ͼࣜ (9) ॏճؼϞσϧͰ͋Γɼతมͱઆ໌มͷ

ީิ͔Βɼͬͱͯ·Γͷྑ͍આ໌ม y∗ Λ 3ͭ

બ͢Δɽͦͷޙɼ࠷খೋ๏ʹΑͬͯ͜ΕΒॏճؼϞ

σϧͷະύϥϝʔλΛਪఆ͢Δɽ

Step 5ɿ ਪఆ͞Εͨະύϥϝʔλɼα̂0ʙα̂3ɼ͓Α

ͼ β̂0ʙβ̂3 Λ༻͍ͯɼϑΣʔζ 1͔ΒϑΣʔζ I − 1

ͷฏۉؔͷύϥϝʔλ ai ͓Αͼ bi Λमਖ਼͢Δ

͜ͱ͕Ͱ͖Δɽ͞ΒʹɼॳͷతͰ͋ΔϑΣʔζ

I ͷ NHPP ͷฏۉؔʹؚ·ΕΔύϥϝʔλ aI

͓Αͼ bI ΛɼϑΣʔζ I ͷ͕ྻܥ࣌ಘΒΕΔΑΓલ

ʹਪఆ͢Δ͜ͱ͕ՄͱͳΔɽͭ·Γɼ

log ai = log α̂0 + α̂1yi,k + α̂2yi,l + α̂3yi,m, (10)

log bi = log β̂0 + β̂1yi,k + β̂2yi,l + β̂3yi,m

(i = 1, 2, . . . , I), (11)

ʹΑΓɼࠨลͷ aiɼbi ͦΕͧΕߋ৽͔ͭਪఆ͞

ΕΔɽ

͜ΕʹΑΓɼ࠷ऴϑΣʔζͰͷฏۉؔͷৼ͍Λ

ఆ͢Δύϥϝʔλ͕༧ଌՄͱͳΔ͜ͱ͔Βɼୈن I − 1

ϑΣʔζ͕ऴྃ͠ɼୈ I ϑΣʔζͷίʔσΟϯάɾϨ

Ϗϡʔաఔ͕ऴྃͨ࣌͠ʹ͓͍ͯɼͭ·Γ࠷ऴςετ

Λ͢Δલͷஈ֊Ͱɼ࠷ऴςετͰͲͷΑ͏ͳϑΥʔϧτ

ͷൃݟաఔͱͳΔ͔Λ༧ଌ͢Δ͜ͱ͕Ͱ͖Δɽ͜Εै

དྷͷ୯७ͳྻܥ࣌ղੳϞσϧΛͦͷ··ΠϯΫϦϝϯλ

ϧ։ൃʹద༻͚ͨͩ͠ͰෆՄͳɼ৽͍͠ਪఆ๏ͱݴ

͑Δɽ࠷͕࣍ऴεςοϓͱͳΔɽ

Step 6ɿ aI ͓Αͼ bI Λ༻͍ͯɼϑΣʔζ I Ͱͷ

ฏۉؔ HI(t) ͕ಘΒΕΔɽ͜ΕΛ༻͍ͯɼྦྷੵ

MTBFΛඳը͠ɼ࠷ऴϑΣʔζ I ʹ͓͚Δ৴པੑධ

Ձɾ༧ଌͱͯ͠༻͍Δɽ

Ҏ্͕ຊڀݚͰ։ൃͨ͠ɼΠϯΫϦϝϯλϧ։ൃ͚ͷ

৴པੑ༧ଌखॱͰ͋Δɽ

6. σʔλղੳྫ

ஙͨ͠৴པੑධՁϞσϧΛ࣮ଌʹͯΊϞσϧߏ

ͷධՁΛ͏ߦ. ୈ 1 ϑΣʔζ͔Βୈ I − 1 ϑΣʔζ·

ͰͷϝτϦΫεσʔλΛ࠷͍খೋ๏, ๏ʹΑΓ࠷

NHPP ϞσϧͷະύϥϝʔλΛਪఆ͢Δ. ͦͷޙ, ϝ

τϦΫεใΛ༻͍ͨϞσϧʹద༻͠, ୈ I ϑΣʔζͷ

ϝτϦΫεσʔλΛ༻͍ͯਪఆΛ͏ߦɽ͞Βʹ MTBF

ͷਪఆͱMTBFͷ࣮ଌͱͷൺֱΛ͍ߦධՁΛ͏ߦ.

͜͜Ͱ, ,খೋ๏࠷ ʹ๏ͱ࠷ ProjectAΛྫʹղ

ੳΛ͏ߦखॱΛࣔ͢.

(1) খೋ๏࠷

͡Ίʹ, খೋ๏Λ༻͍ͨ৴པੑධՁϞσϧͷઆ࠷

໌Λ͢Δ.

Step 1ɿ

ϑΣʔζ൪߸Λ i = 1ͱ͢Δ

Step 2ɿ ai, bi ͷਪఆ

֤ϑΣʔζ i (i = 1, 2,ʜ, I)ͷϑΥʔϧτͷظΛ

ai,ϑΥʔϧτൃݟΛ bi, Λࠁ࣌ t (= 0, 1,ʜ, T ), ࠁ࣌



t·Ͱʹൃ͞ݟΕͨྦྷੵιϑτΣΞϑΥʔϧτΛ xi,t

ͱ͢Δ. ֤ϑΣʔζ͝ͱʹ

Hi(t) = ai[1− (1 + bit)e
−bit], (12)

ssei =
T∑

t=0

(xi,t −Hi(t))
2, (13)

Λઃఆ͠, খೋ๏ʹΑΓୈ࠷ I − 1 ϑΣʔζ·Ͱͷ

ϑΥʔϧτͷظ ai,ϑΥʔϧτൃݟ bi Λਪఆ͢

Δɽ͜͜Ͱ, ai, bi ͱʹରΛͱΔ. ai, bi ද 5 ͷΑ

͏ʹͳΔ.

ද 5 খೋ๏ʹΑΓਪఆͨ͠࠷ âi, b̂i.

i âi b̂i

1 8.589 0.474

2 15.019 0.527

3 5.995 0.351

4 4.421 1.322

5 3.288 0.763

Step 3ɿ

i = i+ 1ͱͯ͠ɼ͠ i < I − 1ͳΒ Step 2ʹΔɽ

Step 4ɿ ະύϥϝʔλͷਪఆ

ͯ͢ͷϝτϦΫεσʔλΛ͏ͷͰͳ͘, Δ͢༺

มͷબΛ͢Δ.બํ๏ͱͯ͠ log âi, log b̂i Λతม

ͱ͠, આ໌ม yi,1ʙyi,6 ͔Βد༩ͷ͍ߴมͷΈ

߹ΘͤΛબ͢Δ. ຊڀݚͰد༩ͷ͍ߴ 4 ͷΈ

߹ΘͤΛ༻͢Δ. Έ߹Θͤද͍ߴ༩ͷد 6, ද 7

ͱͳΔ.

ද 6 log âi ͷد༩.

yi,k, yi,l, yi,m ༩د

yi,1, yi,2, yi,5 0.992

yi,2, yi,5, yi,6 0.978

yi,2, yi,4, yi,6 0.961

yi,1, yi,3, yi,6 0.967

ද 7 log b̂i ͷد༩.

yi,k, yi,l, yi,m ༩د

yi,1, yi,4, yi,5 0.996

yi,1, yi,3, yi,4 0.958

yi,1, yi,2, yi,5 0.955

yi,1, yi,4, yi,6 0.953

log âi, log b̂i ͱʹد༩ͷ͍ߴ 4Λ

খೋ๏࠷

ssea =
I−1∑

i=1

(log ai − (logα0

+ α1yi,k + α2yi,l + α3yi,m))2, (14)

sseb =
I−1∑

i=1

(log bi − (log β0

+ β1yi,k + β2yi,l + β3yi,m))2, (15)

ʹΑΓ, ఆύϥϝʔλ (α0, α1, α2, α3, β0, β1, β2, β3)

Λਪఆ͢Δ.

Step 5ɿ ୈ I ϑΣʔζͷ âI , b̂I ͷਪఆ

ਪఆͨ͠ఆύϥϝʔλΛ

log ai = logα0 + α1yi,k + α2yi,l + α3yi,m, (16)

log bi = log β0 + β1yi,k + β2yi,l + β3yi,m, (17)

ʹ͋ͯΊୈ I ϑΣʔζͷϑΥʔϧτ૯ͷظ âi,

ϑΥʔϧτൃݟ b̂iΛٻΊΔɽਪఆͨ͠ఆύϥϝʔλ,

ୈ I ϑΣʔζͷϑΥʔϧτ૯ͷظ âI ϑΥʔϧτ

ݟൃ b̂I ද 8ʹͳΔ.

ද 8 ภճؼύϥϝʔλͱ âI , b̂I .

α̂0 0.373 β̂0 1.485

α̂1 0.308 β̂1 -0.315

α̂2 -0.048 β̂2 0.016

α̂3 0.037 β̂3 -0.032

âI 8.962 b̂I 0.587

Step 6ɿ MTBF࣮ଌͱͷൺֱ

ୈ I ϑΣʔζͷྦྷੵMTBFͷਪఆΛ͏ߦ. ͜ΕʹରԠ͢

Δ࣮ଌ t
x Ͱ༩͑ΒΕΔɽୈ I ϑΣʔζͷϑΥʔϧτ

૯ͷظ âI , ϑΥʔϧτൃݟ b̂I Λ

MTBFܗࢦ

MTBF =
t

aI(1− e−bIt)
, (18)

·ͨ

Ԇ SܗࣈMTBF

MTBF =
t

aI [1− (1 + bIt)e−bIt]
, (19)

ʹೖ͠ਪఆ͠, Լଆ 95% ৴པ۠ؒΛٻΊΔɽ͜ͷ৴པ

۠ؒϙΞιϯʹ͍ͯͮجಋग़͢Δ͜ͱ͕Ͱ͖Δɽ



ྫ͑, Ԇ S Ͱୈܗࣈ I ϑΣʔζͷ࣮ଌͱਪఆΛ

ൺֱ͢Δͱਤ 2 ͷΑ͏ʹͳΔ. ਤΑΓɼୈ I ϑΣʔζͷ

σʔλ͕ಘΒΕΔΑΓલʹɼMTBFͷਪఆ͕֓Ͷྻܥ࣌

औΕΔɽͯݟΔ͜ͱ͕͍ͯ͑ߦ

ਤ 2 খೋ๏ʹΑΔԆ࠷ S ৴པϞσϧܗࣈ

.༧ଌ݁Ռͮ͘جʹ

ܥ࣌๏Λ༻͍ͨ߹ʹ͍ͭͯಉ༷ʹਪఆͰ͖ɼ࠷

ྻղੳͷ݁ՌΛද 9ʹࣔ͢ɽ

ද 9 ๏ʹΑΓਪఆͨ͠࠷ âi, b̂i.

i âi b̂i

1 6.853 0.723

2 17.050 0.522

3 4.674 0.685

4 4.289 0.674

5 2.488 1.007

લड़ͨ͠ Step 3͔Β Step 6ʹ͍ͭͯɼ࠷খೋ๏ͱಉ

͡खॱͰਪఆΛ͍ߦ MTBF ࣮ଌͱͷൺֱΛ͢Δɽྫ

͑, Ԇ S ϞσϧΛ༻͍ͯୈܗࣈ I ϑΣʔζͷ࣮ଌ

ͱਪఆΛൺֱ͢Δͱਤ 3ͷΑ͏ʹͳΔ.

ਤ 3 ProjectAͷ࠷๏ʹΑΔԆ SܗࣈϞσϧʹج

ͮ͘༧ଌ݁Ռ.

ͪ͜Βͷ݁Ռɼྦྷ ੵMTBF࣮ଌΑΓେ͖ͳ

ͱͯ͠ධՁ͞ΕΔɽ

7. ݁Ռͱߟ

͜͜ͰɼProjectAʹର͢ΔྦྷੵMTBFͷୈ IϑΣʔ

ζͰͷ࣮ଌͱਪఆͷͯ·Γʹ͍ͭͯͷΈड़Δɽ

̎ͭͷϞσϧʢࢦܗɾԆ S ʣ͓Αͼ̎ͭͷਪఆܗࣈ

ํ๏ʢ࠷খೋ๏ɾ࠷๏ʣʹΑΓਪఆ͞Εͨ࠷ऴϑΣʔ

ζͰͷྦྷੵ MTBF ͷ༧ଌͱ࣮ଌͱͷࠩฏํ

ද 10ͷΑ͏ʹͳͬͨ.

ද 10 ProjectAͷ֤ਪఆํ๏ʹΑΔࠩฏํ.

ਪఆํ๏ ฏํࠩ

খೋ๏ɾԆ࠷ Sܗࣈ 0.044

ܗࢦখೋ๏ɾ࠷ 0.665

๏ɾԆ࠷ Sܗࣈ 0.311

ܗࢦ๏ɾ࠷ 0.524

݁Ռͱͯ͠ɼԆ SܗࣈϞσϧΛ࠷খೋ๏Ͱਪఆ͠

ͨ߹ͷ༧ଌਫ਼͕࠷Α͘ͳͬͨɽ͜Ε Project B

ʹ͍ͭͯಉ༷Ͱ͋Δɽ͍ͣΕͷϞσϧΛ࠷ऴϑΣʔζ

ʹ͓͍ͯ༻͍Δ͔ʹ͍ͭͯɼࡏݱͷͱ͜Ζ͜ͷख๏Λ

༻͍ΔιϑτΣΞ։ൃཧऀͷݧܦʹҕͶ͟ΔΛಘͣɼ

͜Εޙࠓͷ՝ͱͯ͠͞ΕΔɽ

8. ͓ΘΓʹ

ຊڀݚͰ, ιϑτΣΞͷΠϯΫϦϝϯλϧ։ൃʹ

దͨ͠ιϑτΣΞ৴པੑϞσϧΛߟҊ͠,طଘͷ

จͰΘΕͨιϑτΣΞϝτϦΫεσʔλΛ༻͍ͯɼ

,খೋ๏࠷ ங͞ΕͨϞσϧΛෳఏҊߏ๏Αͬͯ࠷

্ͨ͠Ͱ, ֤Ϟσϧͷ༗༻ੑΛධՁͨ͠. 2ͭͷϓϩδΣ

Ϋτʹର͠, ༗༻ੑΛධՁ͕ͨ͠, ͲͪΒͷϓϩδΣΫτ

, ͍݁ߴখೋ๏Ͱਪఆͨ͠Ϟσϧͷ΄͏͕ਫ਼͕࠷

ՌΛಘΔ͜ͱ͕Ͱ͖ͨ. ͔͠͠ͳ͕Βɼσʔλ͕গͳ͍

ͨΊɼมબύϥϝʔλਪఆΛ͏·͘͜͏ߦͱ͕Ͱ

͖ͳ͔ͬͨଞͷϓϩδΣΫτʹద༻Ͱ͖ͳ͔ͬͨɽࠓ

,ͷ՝ͱͯ͠ޙ ଞͷมબ๏ύϥϝʔλਪఆΛ

.ΒΕΔ͛ڍͳͲ͕͏ߦ
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