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ԥҪพюϦैϽϡ୺ᙈ䦚ܞϨ䩟цмрϡҮ௸фϪЙϡТࡖਡઑထϨ઱խЅ૦ৄࡄ

ґϨ઱խэтϡРࡄЅ䩟ࡄਡઑထϥϤН೬ݪϡ䦚୳ૢԣҴ䩟઱խэтכٷ୐ؑϴՐ

ਡઑထٍЏ઱խϡэࡄਡЅϡઑထ䦚ӎЗ䩟ࡄߒࢗϡэтЗҽѓϱ݆ՆфٻϽมϣ٭

тфࣇۅюӆҶӸ䦚ӹױ䩟୳ૢઑထϡІ҃ߒࢗҤ֚ϱᔅࡄࡾਡэтٷϡ݆ՆРࡢࡄ

ϩԳϴϡ॓ѺҺॶфӥѓߚ٣䦚

ઑထߒࢗ৔भϡҰϴखږϥۘࠏ໪ઑထϡߒࢗ䦚۵ӓઑထߒࢗϡҰϴҤ֚ϥ࣊༌

Ͻ֝ϡԳࣄۨࢗߒ੗Ѻܠਤ౨থ५ߒࢗࣔ܋Рࡄ䩟؎Ҥ֚ϡऴӆ֍ԑݸӡϦԷђЌࢗ

໪ઑထ䦚୳ࠏϽЄّઑထЁϥۘࠀ໪ઑထ䦚Ѽґ䩟ӥᒃЅϡࠏۘߒࢗ໪ઑထ䩟ϤЌࠏߒ

ૢтѴ䩟սР 80% ϡѐӥઑထϥۘࠏ໪ઑထ䩟ђϩ 15%∼20% ϡઑထϿԳߒтТ䩟ґॸ

ԷЅսР 50% ϡઑထԳߒҋّ঎ЋϬّ֧䦚ҒҝϤЌࠏۘݸث໪ઑထϡ՜֣䩟जઑထ

ثѓ䦚Ԕϥ䩟׏д䩟ԡйϨӥᒃЅϽ੻থחЩࢹԑӥকЅઑထϡ؝ђЌټ״৔भߒࢗ

䦚ҰϴԡѢϥ䩭(1)ډبϤ׍໪ઑထࠏۘݸ ੗ّࣝ੻থЩ䩟Ͻࣄۨࢗߒ໪ઑထϡԳࠏۘ

থ५䦚(2)ߒࢗܠ䩟Ӕϩ৔भѪ֚ԪЅѺױдઑထ঎оѴϣϺҖҋ䦚ӹח ໪ઑထ҇ࠏۘ

णЄ䩟ϤӎઑထϡߒࢗҤܴई஬Ͻ䦚۵ӓఱцۘࠏ໪ઑထϡҰϴҤଈϥ࣊༌Ϫ֞ӡॶ

՜֣䦚؎ݸثફҨഎ౱ϡҤܴ䩟ԔЁѪ֚ӥকٷڈথ५ߒࢗ

ӆҹࣻᄴۘࠏ໪ઑထϡߒࢗ՜֣䩟ఱцۘࠏ໪ઑထԳۨࢗߒվ 䦙҇ण(ϨࡖϤڈ)

Єࣔঊਤ౨Тю੡ԡϡखږ䩟٤оϦ⺉㱫■⿵☨㊷➑㩂⶛⟞㩌⡢☨➧㊷➑㩂ᱨ⏌㮪⳯

╱㝗ⓞ⼗㮥⢔ギ㦢➧㊷➑㐯㦍☨㽴⛑㩌⡒➝➈ IBFix䦚IBFix :дחଭѧϬԳϴॵюد
(1) ऴӊ؀Ϭࣄ੗҈ۨࢗຎϡਤ౨থ५٤Լ৔भ䩟Нй۱ѓࣄ੗ߒࢗцਤ౨ТюՖҲ܋

ࣔ䩟ӎЗעࡽϦцϽ֝Գۨࢗߒϡ࣊༌䩮(2) ऴӊԚঐڷڊϡਤ౨Тю৔भ䩟עࡽϦϤ

Зϡਤ౨Тюԡ֣䩮(3)ۨࢗ੗ࣄߒϨԳࡖ ऴӊࡄਡ૮ݮਢдϡઑထӡ֧৔भ䩟ڢ٤Ϧ

ӡ֧ϡކ৭ଛйࠏۘ߿ٶ໪ઑထߒࢗцӡ֧ކ৭ଛϡѸҙϴؒ䦚зњϡӥࡑԣҴ䩟ӆ

ҹӛ٤оϡઑထߒࢗ৔भ IBFix ϩ݌сעࡽϦۘࠏ໪ઑထϡߒࢗԡ֣䩟Ԑ҃ϦІ҃ࢗ

ЈҒЎ䩭ࡷ䦚ᆨϼ䩟ӆҹҰϴϡ֞ӑфࡄ৔भϡӥѓ٩Ֆߒ

1. 㟜⥙㑉⤀㖯㺆㫼ⳑ㦚㥨☼➶㣨⧧㽼ⰵ⼗⵺➂㸃㩌⡒⒴㩠㐯㦍☨⥙⒴ᱨ㢜〉㢶㝗
ⓞ☨㐯㦍㩌⡒⭒㗯㝗⤅⼗⍄㮔㺚☠䦚ӆҹ֡Р֭࠹этߒࢗٷѐӥࡄਡઑထ䩟цԷࢗ

ՖҲϦ૘࢛сд໯фւֲ䦚࣠ࣝӥ࢙୳ૢֲҝ䩟ӆҹւֲϦйЎԳϴтѴ䩭эࡄРߒ

тٷᆨׁٍѓϤӎϡّࣝҞ֥ϱӡ֧ࡄਡઑထ䩟׍ॸ࣠ࣝϩࡳϡࣄ੗ߒࢗҮࡑф࣮۵

ЅԚঐࣔ܋ڷڊԷ൜ߒࢗܐਤ౨䦚ϼ਎тѴЋӆҹϡІ҃ߒࢗ৔भ٤పϦۓϴࣔ܋䦚

2. 㝗ⓞ⼗⫑㲂⒴㩠㽔㜢⪆➶☨㐯㦍⛊㢭⭒㗯 (PredFL)䦚ӆҹ࣏ܴ٩сӡॶϦࢅϣ
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ϡઑထӡ֧থࡿ䩟ӥѴϦऴӊࡄਡࠏഉԁऴӊڋࢅԛ݆Նӡ֧৔भϡٹ֏ֲׁ䦚ऴӊ

؎থࡿ䩟PredFL ԗࡄਡׄঈ࿡౐޼׆Ћ૮ݮ஼୫࿡౐䩟ٍҖ҇ӡ֧৔भӛ࣊༌ϡૠਤ

ّࣝҞ֥ӥѴ࢕ұ䦚ֲׁҏњϡҤ֚ࡢϩѸӸழࣥϡ૮ݮ஼୫䩟цࡄਡ૮ݮӥѴϦѸ

࢛ཇ֏ਢд䩟ࡢϩѸמϡࡧӮЌҨ䩟Ԫґϩ݌сڢ٤Ϧઑထӡ֧ϡކ৭ଛ䦚

3. 㝗ⓞ⼗⫑㲂☉⢔㩌⡢㬥⺋☨⏣⛃ㄩ⊓㝗㐟⭒㗯 (GenPat)䦚ӆ৔भ֡РԪ֋֝ϡ

э੅ڷڊЅд໯٧ڷڊԛд޿䩟ࣔ܋ਤ౨থ५ϡࢣࢻРࡄ䩟ԪґעࡽϦথ५٤ԼцϽ

֝Գۨࢗߒϡ࣊༌䦚GenPat ಈѓڷڊս֘থࡿԣܾਤ౨থ५䩟֘Ѕழࣥϡ׷фڝѢ٧

ԛНйѸϮсֲڷڊྱބพйܬߵॶئ෥䩟ҶמϦԷԣܼЌҨф҅ࢽԛ䦚ऴӊ؎থࡿ䩟

ਤ౨থ५ϡࢣࢻРࡄҩ٩׆юڷڊս֘ЅϡڝѢй׷ߵϡࡺשРࡄ䩟ӥѴϦֲڷڊพ

ф٧ڷڊԛئ෥ث⟤䩟ԪґНй۱ѓ֋֝э੅ࣔ܋ڷڊϤӎ٧ԛϡࢣࢻРࡄ䩟ґϤ࣊

༌Գۨࢗߒ䦚ӹױ䩟ӆҤ֚Нйϩࠏۘߒࢗ݌໪ઑထ䩟ࡢϩѸמϡ֡ѓԛ䦚

4. 㝗ⓞ⼗⫑㲂㦐㙾■⿵☨⏣⛃㔶⒱⭒㗯 (SimFix)䦚ӆ৔भ֡РцԝઑထڷڊԁԚ

ঐڷڊϡई஬ӥѴцઑထڷڊϡ޺Ќۨࢗ䩟ԪґԟҪעࡽϦઑထߒࢗцਤ౨থ५ϡ࣊

༌䦚SimFix ԗഎ౱ϺϡԚঐڷڊӑЋઑထڷڊϡߎ܀䩟֡РцԝҖڷڊݫϡ֚ܬஔई

஬䩟٤Լϩఱцԛϡۨࢗ୙ӑ䦚֔ױ䩟ЋϦՖϣڢ٤܌ਤ౨ϡ֝ڱ䩟SimFix ٍѓэ੅

࣮۵Ѕࠏ໪ѓӊߒࢗઑထϡۨࢗ୙ӑцϼ਎ЏϺϡۨࢗՖҲРᎸ䦚֡РॵׁϤӎϡԃ

ࠏϡۘߒࢗ੗ࣄߒϨԳࡖఱцϤٍس䩟ױਤ౨䦚ӹߒࢗ୙ӑ䩟НйТюழࣥϡۨࢗש

໪ઑထ䩟؎Ҥ֚࣊ѼНй٤పϩ݌ϡࣔ܋ߒࢗ䦚

5. Ϩऴّࣝކओ Defects4J ϼϡࢅڍԛцԝӥ࢙ࡑҴϦӆҹ٤оϡІ҃ߒࢗҤ֚

IBFix ৔भ䩟IBFixߒࢗԛ䦚ԚԝҏӓϡઑထІ҃݌ॵխϡϩٿԷߵ Нйϩۘߒࢗ݌

ઑထϡّ֝ߒࢗϦԜ৭ڢ٤֏໪ઑထ䩟Ͻๆࠏ ڢ٤) ≥65.4%)䦚ԷԜ৭ߒࢗϡઑထЅ䩟

35.6% ϡઑထϤЌҩԷјڗҺ৔भߒࢗ䦚Ў࠶ϥ IBFix ЅϤӎॵխϡӥֲࡑҝ䩭

• PredFL Ϥ঎Нй؀ڢ٤ϣӡ֧৔भϡކ৭ଛ ڢ٤) 32.6%-227.9%)䩟ґॸԁ۵ӓ

ӔҌϡӡ֧৔भࡢϩૠਤԛ䩟ԁӔϩ৔भओюНйՖϣڢ٤܌ 20.8% ϡކ৭ଛ䦚

• GenPat ϨઑထߒࢗЅ䩟Ћ 19 Ϭઑထ٤పϦԜ৭ਤ౨থ५䦚Ϩࢅڍԛۨࢗڷڊ

Ѕ䩟ԚԝӔҌϡзϮҤ֚ Sydit䩟ԷӥѴϦ 4.5 හϡ݌ҝڢ٤䦚ࡢϩ֡מࢹѓԛ䦚

• SimFix НйԜ৭ߒࢗ 34 Ϭઑထ䦚ԚԝӔϩҤ֚䩟ڢ٤ّ֝ߒࢗϦ۠վ 30.8%䦚

2020 ёϡзЈ୳ૢ (ӆ֞ࡢт޿ӊ 2018 ё) ֡Рӥࡑцԝ 16 ҇зЈઑထ֞ߒࢗ

ԣҴ䩟SimFixࡢ ϡԜ৭ّ֝ߒࢗകѼзЄ䩟ॸߒࢗ߹ݼ (Էј֞ࡢ୐ϤЌߒࢗ)
ϡّ֝ЇϥзЄ䦚

⤴⮒╰ᱶ઱խࣇۅ䩟ઑထߒࢗ䩟ઑထӡ֧䩟ۘࠏ໪ઑထ
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ABSTRACT

Research on Automatic Program Repair Technology for
Infrequent Defects

Jiajun Jiang (Computer Software and Theory)
Directed by Prof. Yingfei Xiong

ABSTRACT

Program defects are prevalent among programs, which may cause big threats to both
national economics and human lives. However, they are inevitable in software development.
According to the study, developers spend in average half of their developing time on debugging
and repairing those defects. In addition, program defects can also increase the cost of software
development and maintenance. Therefore, it is an important research to study automatic
program repair techniques to assist software developers in the debugging process.

The key challenge of automatic program repair techniques is how to repair infrequent
defects. Existing techniques depend on a large number of repetitive history repairs to learn
repair patterns, which, in theory, can repair only those frequent defects, but not infrequent
ones. As a matter of fact, most of defects are infrequent in practice. Based on prior study,
more than 80% defects in real world are infrequent, and only 15%∼20% defects repetitively
occurred in the history, in which more than 50% repeated only several times. Therefore, if the
infrequent defects could not be fixed, automatic program repair techniques could only repair
a small number of defects, and would not be applied to large-scale applications in practice.
However, it is not easy to repair infrequent defects. The major challenges are twofold: (1)
They have limited repetitive history repairs, and most of them occurred once or twice, making
it impossible for existing techniques to learn repair patterns. (2) They tend to be diverse
and require different repair patterns. Existing techniques leverage human-defined patterns
to repair infrequent defects, or simply utilize brute-force search without sufficient guidance,
which would not solve the challenges.

In this thesis, facing the challenge of repairing infrequent defects, we propose an auto-
matic program repair approach for infrequent defects, i.e., IBFix, which takes advantage
of the frequency of source code to overcome the infrequency of repetitive repairs. IBFix
consists of three major components: (1) a repair pattern extraction technique based on singu-

III



ҹڹ୳ૢТѺ֧ࡲϽѺѕߟܚ

lar examples, which benefits from historical repairs and overcomes the dependency on large
number of repetitive repairs; (2) a patch generation technique based on similar code, which
overcomes the patch generation for infrequent defects when no repetitive repair exists; (3) a
fault localization technique based on the division of program states, which significantly im-
proves the fault localization accuracy to meet the high demand of repairing infrequent defects.
Finally, the evaluation shows that IBFix can effectively repair infrequent defects, and facilitate
the practicality of automatic program repair techniques. In summary, the contributions of this
work are presented as follows.

1. An empirical study to investigate the program repair process of developers,
providing insightful guidance for the new repair approach. Via analyzing the repair
process of human developers, we summarize a set of useful strategies, which will benefit
the research on automatic program repair techniques. According to the result, we have the
following findings: the developer usually combine different data source to locate defects. In
addition, he can repair unfamiliar defects with the help of previous experience or similar code
in the project. Those findings inspire the following automatic approaches.

2. A new fault localization technique based on the division of program states
(PredFL). We have given the formal definition of a unified model, which combines the
strength of spectrum-based fault localization (SBFL) and statistical debugging (SD). Under
this model, PredFL maps the coverage of program elements into the coverage of a kind of pred-
icates in SD, making it possible to share complementary information used by the two different
approaches. Therefore, the combined technique has more plentiful predicates to effectively
identify incorrect program states, and thus improves the precision of fault localization.

3. A technique to extract repair patterns from singular historical bug fixes (GenPat).
GenPat leverages distributions of code attributes analyzed from huge open-source code to
guide the abstraction of repair patterns, which does not depend on repetitive repairs for pattern
extraction. It employs the hypergraph of code to represent repair patterns. Edges and attributes
of nodes in the hypergraph represent the structure and semantics of source code, which is
expressive and flexible. Under this model, the repair pattern abstraction process is converted
to the selection of edges and nodes. Therefore, code structures and attributes are decoupled
and can be tackled separately, making it possible to analyze node attributes from open-source
code to guide pattern abstraction without repetitive repairs. As a consequence, GenPat is not
only effective for repairing infrequent defects, but general for other potential applications.

4. A patch generation technique based on similar code (SimFix). SimFix takes the
similar code as a reference and repairs the defective code based on the differences from similar

IV



ABSTRACT

code, and thus it overcomes the dependence on repair patterns. SimFix searches the entire
program for similar code and extracts fine-grained code changes on abstract syntax tree via
diffing similar and defective code, which are more targeted. Besides, to further improve the
quality of generated patches, SimFix leverages frequent repair changes collected from open-
source programs to filter all candidates. Then, patches can be generated by combining different
changes. Therefore, even though for infrequent defects without repetitive repairs, SimFix can
still repair them effectively.

5. A systematic evaluation of IBFix on a commonly used benchmark, Defects4J, to
demonstrate its effectiveness. Compared with prior techniques, IBFix can effectively repair
infrequent defects, and significantly outperforms the others with correctly repairing at least
65.4% more defects. In addition, 35.6% defects repaired by IBFix cannot be repaired by
any other approaches. We list the experimental results for different components of IBFix as
follows.

• PredFL not only can improve the fault localization accuracy of SBFL and SD (32.6%-
227.9%), but also complements existing techniques, where it can further improve 20.8%
on accuracy after integrating with existing techniques.

• GenPat can extract reusable code change patterns from singular examples, which can
be applicable to different applications. In program repair, it can correctly repair 19
real-world defects. In systematic editing, it significantly outperforms state-of-the-art
Sydit with 5.5x correctly changed code.

• SimFix can correctly fix 35 defects based on similar code, which is at least 30.8%
more than existing techniques. Additionally, the most recent study in 2020 (SimFix
was published in 2018) empirically compares the most latest 16 automatic program
repair tools, and reports that SimFix repairs the most number of defects. In addition,
the unique repairs of SimFix (cannot repaired by others) is also the most.

KEYWORDS: Software maintenance, Bug repair, Fault localization, Infrequent defects
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ҷϣא ৉ߞ

☾㮥㷦 㯧㬀

1.1 㫼ⳑ⌟Ⳃ

1.1.1 㑫⮔㐯㦍⭆㩌⡒㢼㝘

઱խ (Software) ϨѴڊϡڲڋҜ॓ѺЅт༯аքϱքԳϴϡӑѓ䩟ѴڊҞ֥ࢅڍ

ϡтڒࣁϤэ઱խϡтࣁ䦚઱խэтϨмрϡтږࣁଯЅ฼ࣝԳϴс֧䩟ϥмрϡ䦧֐

ѧٚ䦨Ҟ֥٩੻ਢЅϡϣϬԳϴҤӌ䦚ڦа઱խ੻থϡڢ٤䩟઱խϡњࣇۅ׈юӆϤआ

ҶӸ䦚୳ૢԣҴ䩟઱խࣇۅϡюӆ฼઱խэтюӆϡ 90% йϼ[89]䩟ԷЅࡄߒࢗਡЅ

ϡઑထϥ઱խࣇۅЅϣ࣮Գϴֵب䦚ӹױ䩟઱խઑထ (Software Defects) 1 юЋؙড়઱խ

Ҳ䩟ؽ۟ߓਡᅩჱґѪ֚ࡄЌ൬۠ࣔঊۋ׶ϡԳϴӹঈ䦚઱խઑထϿؙড়઱խϡԜ֝ڱ

юैϽ୺ᙈ䦚2013߃ܞ൬۠цТ׹юԳϽϡҮ௸ഡ߃ ё䩟হඈϽѺϡϣ࣮୳ૢ 2 ԣҴ䩟

ҪܧҟёϽมϴՐ٭ 3120 ᏼѤׄϨ઱խઑထ݆Նϼ䦚֔ױ䩟઱խઑထ߃юϦ 2018 ф

2019 ёҖବமٸ 737 Max 8 ݞҜᐫຣѨۺࡿ 3 䩟߃юϦϼښϪϡӚ༆䦚઱խઑထϨ઱

խэтϡРࡄЅϥϤН೬ݪҩ৉Պϡ䩟ॎѼϣԈઑထ࡙վоѴ䩟ԔϥԷтТЗӛհϱ

ϡഡ׹ϥैϽϡ䦚ӹױ䩟ߵЗߒࢗ઱խЅϡઑထ֐дԳϴ䦚

Ѽґ䩟ߒࢗ઱խЅϡઑထϥϣխ֐д੡ԡґჸЗϡ֞ӑ䦚ϩ୳ૢԣҴ䩟цӊэт

Ϫ؃ϱЛ䩟כ୐ؑϴ 28 ϳϱߒࢗϣϬԥҪઑထ[94]䩟׍ॸࡄਡઑထХϨϤआсьݬҶ

Ӹ[3]䦚֔ױ䩟ц Linux этٷϡϣ࣮݆୳ԣҴ䩟ϨࡄਡϡэтРࡄЅ䩟ϽऎϣٻЗҽϥ

ѓϨϦઑထߒࢗϼ[10]䦚Ϥ঎Ғױ䩟ϨѴڊఌٛ׭ϡ઱խэтРࡄЅ䩟ϣҤӌ઱խϡ੻

থҶӸ䩟ࡔϣҤӌэтϪ؃ϡԵ҃ԛЪϽ䩟ࣔঊϽחдࡄਡэтϪ؃ϤЌЪϮϡԑث

ԟݱ઱խڷڊࢅڍϡۋЌᔓপ䦚ӹױ䩟ࡄਡઑထϡߒࢗԡ֏ҶӸ䩟൬۠Ͽ৉ՊЈϡ઱

խઑထ[122]䩟ٷڈԡйߒࢗґϨ઱խࢅڍЅࡖϨۘ׶ӗϡЗҽ 4 䦚ӛй䩟୳ૢфэтҙ

ϩԳϴҺॶ䦚ࡢюӆфэтϪ؃ϡ૎஍ࣇۅ઱խࠍҤ֚цӊઁߒࢗϡઑထ݌

1.1.2 㽴⛑⪇㑫⮔㐯㦍㩌⡒

ЋϦઁࠍэтϪ؃ϡ૎஍йߵ઱խࣇۅϡюӆ䩟Ԫ 2009 ёэ״䩟І҃٩ઑထࢗ

Ҥ֚ҩߒࢗഫϡઑထހЄёϡ୳ૢ䩟ЪЄ֐䦚ҮРϦ֣ࠅϡ୳ૢюЋϦϣϬջ՟ϡߒ

٤о[28,71,134,135]䩟൬۠ϣԈҤ֚ӔҮҩ׏ѓϺ֞٩׭ϡТ॒ࢲݘЅᔅࡾэтϪߒࢗ؃ઑ

ထ䦚ԝҒмকघے෪Մԍޅ Facebook этϡ઱խІ҃ࡢ֞ߒࢗ GetaFix[7]䩟ؚНйϩ݌

1 ӆҹϤ߇д Defect䦙Bug ф Fault ϡϤӎ䩟୐ѓϱࡄ܋ਡЅϡઑထ䩟Нૠٍ޼ѓ䦚
2 https://www.prweb.com/releases/2013/1/prweb10298185.htm
3 https://en.wikipedia.org/wiki/Boeing_737_MAX_groundings
4 https://www.cvedetails.com/cve/CVE-2014-6352/

1

https://www.prweb.com/releases/2013/1/prweb10298185.htm
https://en.wikipedia.org/wiki/Boeing_737_MAX_groundings
https://www.cvedetails.com/cve/CVE-2014-6352/
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сࡄߒࢗਡЅၘϨϡ܋׺ఱ஬׶ઑထҳ䦚ӹױ䩟І҃٩ઑထߒࢗ৔भНй࡙Ͻϡᔅࡾ

этٷϡ໪ԳઑထߒࢗРࡄ䦚

۵ӓҰԵϡІ҃٩ઑထߒࢗҤ֚ϥऴӊ࠻Նϡ䦧Тю-࢙ࡑ䦨ߒࢗথࡿ (Ғ֘1.1ӛ
ܾ)䩟؎থ࣊ࡿ༌࠻Նӡ֧ࡄਡЅϡઑထф࢙ࡑТюਤ౨ϡԜ৭ԛ䩭࠻ࣝ࣠܏۰سՆ

ߵ୙ӑйۨࢗڷڊѓ׏ਡЅНЌϡоӮ֧ঞ䩮ѼњϨоӮ֧ঞ൪ՆࡄҲϡֲҝӡ֧ؽ

พڷڊߒࢗ߃әݫТюߒࢗਤ౨䩮зњ࢙ࡑਤ౨ЌਦԜ৭֡Рӛϩ࠻Ն䦚ӥকϼ䩟І

҃٩ϡઑထߒࢗРࡄӆڱϼϥϣϬߒࢗਤ౨ϡഎ౱Рࡄ䩟Էഎ౱׺ҽۥѧϬж׺ҽ࢕

ӎ৭ӡ䦚۰܏ϥۥઑထӡ֧৭ӡϡ㢭㺥ⶥ⭺䩟ԷҋϥϨਤ౨ТюРࡄЅӡॶϡ㩌⡢ⶥ

⭺йڷڊߵ㴐㚐ⶥ⭺䦚ઑထߒࢗϡഎ౱׺ҽϥйϼѧٷϡᫍ१঒ۯ䦚

缺陷
程序
源码
或字
节码

测试
集合

缺陷
程序

缺陷
定位

补丁
生成

补丁
验证

正确
程序

揭示

不正确

正确

֘ 1.1 І҃٩ઑထߒࢗРࡄ

ઑထӡ֧ӑЋߒࢗϡ۰ϴРࡄ䩟Էֲҝϡކ৭֏ԗؙבׯড়ઑထߒࢗϡ݌ҝ䦚࣠

НЌԗоߊϥࡣՖҲٕਡ䩟۵ڷڊਡЅӛϩ֧ঞϡࡄҲϡֲҝ䩟ӡ֧Ҥ֚цؽՆ࠻ࣝ

Ӯڷڊϡ֧ঞٕϨӓӌ䦚ϢЙԗԃ࠶שԣЅоӮ֧ڷڊঞҏӓϡӛϩ֧ঞӡॶЋઑထ

ҽϡϽЩ䦚Liu׺ӡϦ֧ঞݸ৭ଛކӡ֧ϡױϡ㢭㺥ⶥ⭺䩟ӹߒࢗ ҳϪ[59] ୳ૢтѴ䩟٤

৭ଛކઑထӡ֧ϡڢ (ჭЩ֧ঞ׺ҽ) Нйϩڢ٤݌ઑထߒࢗЌҨ䦚Ћױ䩟ЪЄϤӎϡ

ӡ֧Ҥ֚ҩ٤о䩟ԝҒऴӊࡄਡࠏഉϡӡ֧Ҥ֚䩟ऴӊ૮ݮϡӡ֧Ҥ֚ҳ䦚ઑထӡ֧

ϡཇ֏࣠ࣝؑϴНйϥоӮϡҹխ䦙Ҥ֚طܬڷڊٷڈҳ䦚ϨІ҃٩ઑထߒࢗРࡄЅ䩟

ϣડӡ֧ϺҤ֚ٛطܬڷڊٷڈԆ䦚

ਤ౨ϡТюЌߒࢗϡ⧥㨲䦚ߒࢗ䩟ЇϥઑထࡄРߓਤ౨Тюϥઑထӡ֧ϡњߒࢗ

Ҩݸבׯӡࡢ֞ߒࢗϡߒࢗЌҨф޸ѓ౒ࣻ䦚ԝҒϣԈߒࢗҤ֚঎܋׺ߒࢗఱ஬[18]׶

ᇋᇄ[26]ࡖֵٷڈ ઑထҳ䩟ϸԈҤ֚ϤЌߒࢗԷјणࡿϡઑထ䦚цӊਤ౨ТюРࡄ䩟۰܏
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ϥݸӡцӮணڷڊӛኧܙϡۨࢗ୙ӑओׁ䩟ԝҒ๭Պ䦙࿋ङҳ䩟سӛ஼ϡ㩌⡢ⶥ⭺䦚Ѽ

њ䩟Ϩѯӡϡڷڊ㴐㚐ⶥ⭺Ѕഎ౱ׄڷڊঈӑЋ֍୰ࢧѓӊТюߒࢗਤ౨䦚ԝҒ Gen-
Prog[51] ϡۨࢗ୙ӑد၉طܬ๭Պ䦙طܬ࿋ङйطܬߵ༗޼୙ӑ䩟ґТюϡਤ౨ڷڊ଴

۴ϴؒϱ੅ӊ࣮۵ЅѴڷڊࡖ䦚ӹױ䩟ਤ౨ϡТюРسࡄϨѯӡϡ׺ҽЅϡഎ౱Рࡄ䦚

ӛй䩟ਤ౨എ౱׺ҽ (ҽ׺ҽфׄঈ׺ۨࢗ) ϡӡॶϨਤ౨ТюРࡄЅ۠ԮԳϴ䦚Ғҝ

എ౱׺ҽѿЩ䩟ϿٍЏЪЄԜ৭ϡߒࢗਤ౨ҩٕङϨ׺ҽҏ֔ࣔঊц׏ઑထϨԑڹϼ

ϲϤНЌҩԜ৭ߒࢗ䩮Ԛބϡ䩟Ғҝഎ౱׺ҽӡॶЏѿϽ䩟ϿࣔঊԜ৭ϡਤ౨ϨݱϬ

䩟ՖґҶӸഎ౱ࠍҽЅӛ฼ԝຎઁ׺ (ߒࢗ) ϡԡ֏䦚Ћױ䩟ЪЄϡҤ֚ҩ٤оѓϱހ

٩ਤ౨׺ҽ䩟ԝҒϪ֞ӡॶۨࢗথ५䦙ԪϽ֝Գࣄߒ੗ۨࢗЅѺܠҳ䦚

1.2 㔌▣㫼ⳑ☨㢼㝘

ԼЏϦϣ׍৔भҩ٤о䩟ߒࢗЄёϡ୳ૢ䩟ӔҮϩ੃ЄϡઑထІ҃֐ҮРϦ܉ߊ

ӡϡ݌ҝ䦚Ԕϥ䩟ѴϩϡІ҃ߒࢗ৔भ଴Գ࣊༌Ͻ֝Գߒϡࣄ੗ّࣝۨࢗ䩟ٍЏԷҰ

ϴఱцԝ׶ࢹԋϡ؀ߣणࡿϡઑထ䩟ԝҒ܋׺ఱઑထҳ䦚ӹױ䩟цӊۘࠏ໪ઑထ۵ӓ

࣑ઑྩϩ݌ϡߒࢗҤ֚䦚ઈӜڽॶ䩟ۘࠏ໪ϡઑထ܋سϨ઱խϡэтфࣇۅРࡄЅԳ

Ͻϡԝຎ䦚׶໪ϡઑထϨѐӥс઱խઑထЅ฼ϩۘࠏ䦚ۘࡿϡઑထणࠍࢹଛԝࠏтТߒ

୳ૢԣҴ[124]䩟ѐӥࡄਡઑထЅսР 80% Ћۘࠏ໪ઑထ䩟ђϩ 15%∼20% ϡઑထϿԳߒ

оѴ䦚ґԳߒоѴϡઑထЅսР 50% Գߒҋّ঎ЋϬّ֧䦚֔ױ䩟ࣝڋࢅд໯䩟Ϩઑ

ထ֩ߒࢗ෢ܲጷٍѓϡѐӥઑထّࣝओ Defects4J[44] Ѕ䩟սР 60% ϡઑထ٧ӊۘࠏ໪

ઑထ䦚ӹױ䩟Ϥࠏۘݸث໪ઑထϡߒࢗ՜֣䩟І҃٩ઑထߒࢗ৔भђЌߒࢗԝࢹЩϡ

дઑထ䩟ԡйϽ੻থӥѓ٩䦚ח

Ѽґ䩟ࠏۘߒࢗ໪ઑထࡢϩۘ׶Ͻϡखږ䦚Ϩϼҹϡ1.1ڝЅӔҮೀཾ䩟ઑထߒࢗ

ϡਤ౨എ౱׺ҽѿϽٷڈѿЩЁϿ଴Գؙড়ߒࢗ৔भϡ݌ߒࢗҝ䩭ѿЩϿࣔঊЪЄઑ

ထԑڹϼϤЌߒࢗ䩮ґѿϽϿࣔঊϽ֝ϤԜ৭ϡߒࢗйߵჸ٭ѸЄϡЗҽфޝ੅䦚ӹ

ࢹҝԝ݌Ҥ֚Ѕߒࢗҽ䦚۵ӓϡ׺ϡਤ౨എ౱޸ϡਤ౨Тюؑϴӡॶׁߒࢗ䩟ઑထױ

Ϯϡ৔भҰϴϥऴӊϪ֞ӡॶфऴӊڋࢅϡߒࢗҤ֚䩟ԔϥؚЙҰϴఱцࠏ໪ϡઑထ䦚

ԷҰϴ֍ӹϥ䩭ऴӊϪ֞ӡॶϡߒࢗҤ֚ؑϴ࣊༌этٷϪ֞ӡॶߒࢗথ५䦚цӊࢗ

ߊ䩟ױН୙ӑԛ䦚ӹࡢথ५Ϥߒࢗ໪ઑထϱЛ䩟Ϫ֞ӡॶӛϩϡࠏ૜ЄԸϡۘߒҤܴߒ

ࢅϣҤӌ䩟ऴӊࡔ໪ϡઑထ䦚ࠏۘߒࢗѓӊ޸Ϥ׍Ϯ䩟Ԕϥࢹҝԝ݌ߒࢗҤ֚ϡ؎܉

ਖ୞ٷڈߒࢗ໪оѴϡઑထࠏڋࢅ䩟֡Рۨࢗ੗ࣄϡߒ༌Ͻ֝Գ࣊׶Ҥ֚֡ߒࢗϡڋ

ҜॆѺܠথࡿԪࣄ੗ّࣝЅІ҃٩с٤Լߒࢗϡਤ౨থ५䦚؎Ҥ֚ԚцӊϪ֞ӡॶϡ

Ҥܴ䩟ϤؑϴϪ֞൜ܐথ५䩟ԑڹϼНйఱцӛϩणࡿઑထТюߒࢗথ५䦚ѼґѨӥ

ϼ䩟ۥӊۘࠏ໪ઑထઑվޢ߿ϡԳࣄߒ੗ߒࢗ䩟ऴӊڋࢅϡҤ֚׍ϤЌԪվ֝ϡ (ӪϬ
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൬۠ђϩϣϬ) ԋϡ׶ࢹԝߒࢗю؎णҤ֚ЇҰϴ߃ѓϡਤ౨থ५䩟֡ܠຎЅѺ҈ۨࢗ

ઑထ䩟Ϩԑڹϼ׍Ϥ޸ѓࠏۘߒࢗ໪ϡઑထ䦚ԝҒ Genesis[61] ф GetaFix[7] ђ܋׺ߒࢗ

ఱ஬׶ҳ׶ԋઑထ䦚֔ױ䩟цӊӔϩϡԷјߒࢗҤ֚䩟ऴӊ೩тܴഎ౱фऴӊऎଚؒ

ڲڋӌைߵϮϡऎଚйࢹҽՖҲ׺ϡҤ֚䩟ӹЋઑվϼ਎Җ҇Ҥ֚Ѕϡথ५цਤ౨ث

෨ࣁԛ՜֣䩟ӹױ䩟ϨӥকЅђЌߒࢗվّ׶ԋϡ؀ߣઑထ䩟ϨѐӥϡТ॒ࢲݘЅԡ

йϽ੻থٍѓ䦚

࣠ࣝӔϩϡ୳ૢ[124]䩟ϨѐӥэтЅۘࠏ໪ઑထϡԳࠏߒଛϥۘࠍ׶ϡ䩟חдઑထ

Ϩࣄ੗ߒࢗЅϡԳߒҋّ঎ЋϬّ֧䩟൬۠ЪЄઑထ׍ϤࡖϨԳߒϡࣄߒࢗ੗䦚ӹױ䩟

ఱцۘࠏ໪ઑထϡ؎ئ෥୳ૢфэтϩ݌ϡІ҃ߒࢗ٩৔भϥۓϴϡ䦚

1.3 〉㢶㻙㮔⤀㾗⧧╚㨰♇

ӆҹࣻᄴۘࠏ໪ઑထϡߒࢗ՜֣䩟ఱцϼҹЅӛӌைϡࣄ੗Գّ֝ࣝߒࢗߒվ ڈ)
ϤࡖϨ) ϡखږ䩟٤о⺉㱫■⿵☨㊷➑㩂⶛⟞➧㊷➑㐯㦍☨㩌⡒ㅗ㝘䩟٤׍оϦϣϬӌ

ڊаэ੅઱խϡҶӸ䩟֋֝ϡڦӪёײҌ䩟зرҤ֚䦚੃ӛߒࢗ໪ઑထϡІ҃ࠏۘז

䩟ӆҹ֡Рࡳ੗ّࣝϩࣄߒࢗ໪ઑထϡࠏ䩟ॎѼۘױНйҩԍэϡබ՜фٍѓ䦚ӹڷ

ԪϽ֝ϡНබ՜ّࣝڷڊЅд໯٧ڷڊԛϱࣔ܋цۘࠏ໪ઑထϡߒࢗРࡄ䦚

ЋϦѸϮсԑࠏۘث໪ઑထߒࢗϡРࡄ䩟ӆҹ۰܏ՖҲϦϣϬϪ֞ߒࢗઑထϡӥ

࢙୳ૢ䦚֡Рд໯фւֲϪ֞ߒࢗϡРࡄ䩟Ћۘࠏ໪ઑထϡІ҃ߒࢗҤ֚٤పࣔ܋䦚

࣠ࣝϪ֞ߒࢗЅϡ೩тй۱ߵѓϼ਎ϡࠏڷڊ໪ئ෥䩟ӆҹ٤оϦϣϬӌࠏۘז໪ઑ

ထϡߒࢗҤ֚ IBFix䩟ؚҰϴدଭѧחд䩭ऴӊ؀Ϭ҈ۨࢗຎϡਤ౨থ५І҃٤Լ৔

भ䦙ऴӊԚঐڷڊϡਤ౨Тю৔भйߵऴӊࡄਡ૮ݮਢдϡઑထӡ֧৔भ䦚ࡢՄϱ܇䩟

IBFix ఱцۘࠏ໪ઑထߒࢗӛӌைϡҖ҇єୂдԆٍѓϤӎϡਤ౨Тю৔भ (Ғ֘1.2)䦚
վϡєୂ䩟IBFixࢹϨԔϥԝࡖ੗ࣄߒࢗ䩟ఱцઑထϡ܏۰ ٍѓ⫑㲂☉⢔㩌⡢㬥⺋☨⏣

⛃ㄩ⊓㽴⛑㝗㐟⭒㗯䩟֡РԪ֋֝ϡэ੅ّࣝڷڊЅѺ٧ڷڊܠԛд޿єୂ䩟ࢗࣔ܋

ѓ׏ѓϡਤ౨থ५䩟Ϩߒਤ౨٤ԼНߒࢗ੗ࣄ䦚؎Ҥ֚঎࣠ࣝϣϬࡄথ५ϡ٤ԼРߒ

Ϧࣄ੗ߒࢗҌࡧϡӎЗעࡽϦӔϩҤ֚ϨѺܠਤ౨থ५ЗцϽ֝Գߒࢗߒϡ࣊༌䦚з

њ֡Рԁઑထڷڊጃ׏׍ࡈѓথ५Тюߒࢗਤ౨䦚Էҋ䩟цӊࣄ੗ЅϤࡖϨԳߒϡઑ

ထґߞ䩟IBFix ٍѓ⫑㲂㦐㙾■⿵☨⏣⛃㔶⒱⭒㗯䦚؎Ҥ֚֡РԪӆ࣮۵ЅІ҃എ౱ԁ

оӮࡢڷڊϩԚঐۋЌϡࣔ܋ڷڊઑထڷڊϡߒࢗ䦚ۥӊӎϣϬ࣮۵֡ۥ׶ϣϬэт

ڊϩԚঐԛ䦚֡РцԝઑထࡢЌۋӛӥѴϡڷڊ䩟ԚঐϡܐϣϬэтࣕࠬӛ൜ٷڈٷ

୙ӑ䦚ӎЗ䩟֡ۨࢗڷڊϡई஬䩟٤ԼڷڊԁԚঐڷ РߒѓԚঐڷڊЅϡׄڷڊঈ䩟Ћ

цઑߒࢗ໪ઑထϡІ҃ࠏ䩟ӌцۘ֔ױҽ䦚׺ۨࢗϡڷڊऎଚ׍ࢧਤ౨٤ప֍୰ߒࢗ

ထӡ֧٤оϡѸҙކ৭ଛϴؒ䩟IBFix ٍѓϣ҇ऴӊࡄਡ૮ݮਢдϡઑထӡ֧৔भ䩟֡
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РՁຒϡҤֲׁܴऴӊࡄਡࠏഉфऴӊࡄਡ૮ݮϡҖ҇ӡ֧Ҥ֚䩟Нйϩڢ٤݌ઑထ

ӡ֧ϡކ৭ଛ䩟ᔅࠏۘڢ٤ࡾ໪ઑထϡّ֝ߒࢗ䦚ӛй䩟Ϩࠏۘߒࢗ໪ઑထЗ䩟IBFix
ٍѓҖ҇Ϥӎϡਤ౨ТюҤ֚дԆ൪ՆТюߒࢗਤ౨׍цԷՖҲٕਡйڢ٤ਤ౨ϡކ

৭ଛ䦚

ᆨϼ䩟ӆҹӛ٤оϡઑထІ҃ߒࢗ৔भ֡Р׏ѓ֋֝ϡэ੅ڷڊфϽ֝ϡԚঐڊ

Јࡷߵйب䦚ӆҹҰϴ୳ૢֵږӆվϡख҈ۨࢗߒ໪ઑထЅϡԳࠏϦۘעࡽс݌ϩڷ

ѢҒЎ䩭

程序频谱 程序状态

统一缺陷定位模型
数据域映射

映射

相似代码

组合代码修改生成补丁

1.基于程序状态
划分的缺陷定位

补丁模板

模板排序与匹配

历史
修改
记录

缺陷
代码

缺陷
代码

应用模板生成修复补丁
2.基
于单
个修
改样
例的
补丁
生成

状态谓
词分数

程序元
素分数

代码库
分析代
码属性
分布

候选修复补丁排序和验证

缺陷程序

3.基于相
似代码的
补丁生成

谓词分
数组合

变量映射 抽象语法树diff

补
丁
生
成

定
位

֘ 1.2 ӆҹ٤оϡІ҃ߒࢗ৔भมऊ

1. ЋϦϦࠏۘث໪ઑထϡߒࢗРࡄ䩟ѯІ҃ߒࢗҤ֚٤పࣔ܋䩟ӆҹՖҲϦ෬ૢ

ՖҲд໯䩟ӆҹւࡄРߒࢗઑထϡӥ࢙୳ૢ䦚֡РцϪ֞ߒࢗϪ֞ٷਡэтࡄ

ֲϦϪ֞ߒࢗЅϡԳϴтѴ䩟ЋӆҹϡІ҃ߒࢗҤ֚٤పϦۓϴࣔ܋䦚

2. ٤оϦϣϬЈϡઑထӡ֧৔भ䩟࣏ܴ٩сӡॶϦࢅϣϡઑထӡ֧থࡿѓϱֲׁ

цӡߒࢗ໪ઑထࠏۘ߿ٶ৭ଛйކϦઑထӡ֧ϡڢҞ֥䩟٤ݮഉф૮ࠏਡϡࡄ

֧ϡѸҙϴؒ䦚

3. ٤оϦϣϬऴӊ؀Ϭ҈ۨࢗڷڊຎ٤ԼНߒѓਤ౨থ५ϡ৔भ䩟עࡽϦۘࠏ໪

ઑထԳࣄߒ੗҈ۨࢗӆّ֝վϡ՜֣䩟Ћۘࠏ໪ઑထϡਤ౨Тю٤పথ५䦚

4. ٤оϦϣϬऴӊ࣮۵ЅԚঐڷڊϡߒࢗਤ౨Тю৔भ䩟עࡽϦۘࠏ໪ઑထϤࡖ

ϨԳࣄߒ੗ّࣝۨࢗЗϡߒࢗԡ֣䩟࣊༌Ԛঐࣔ܋ڷڊਤ౨Тю䦚

5. ϣϬ٩ࢅڍϡцԝӥࡑд໯䩟࢙ࡑϦӆҹ٤оϡઑထІ҃ߒࢗҤ֚ IBFix(Ғ
֘1.2) ԛ䦚݌ॵխϡϩٿଭϡدԷӛߵ

1.3.1 㐯㦍㩌⡒㖯㺆㫼ⳑ

ЌҨ࣊ߒࢗҤ֚ϡߒࢗ䩟зЈϡઑထࣁтݬЄёϡь֐৔भҮРϦߒࢗઑထ܉ߊ

Ѽࢹୟ䩟ҰϴఱцϣԈԝ׶ࢹԋϡઑထणࡿ䩟ԝҒ܋׺ఱ஬׶ҳ䦚Ѽґ䩟цۘࠏ໪ઑ
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ထ䩟ѴϩҤ֚Хઑྩޢ߿ϡߒࢗЌҨ䩟ђϩ࡙ЋվّϡઑထНйҩԜ৭ߒࢗ䦚ϨѴϩ

䦧Тю-࢙ࡑ䦨থࣔ܋ࡿЎ䩟ЋϦѸϮсϦثϪ֞ߒࢗઑထϡРࡄЋࠏۘߒࢗ໪ઑထ٤ప

Մࡢѐӥϡઑထ䦚ԷߒࢗϪ֞حҒٷਡэтࡄ䩟ӆҹՖҲϦϣϬӥ࢙୳ૢϱ෬౱ࣔ܋

РࡄϥথሶІ҃٩ઑထߒࢗҤ֚䩟Ћࡄਡэт٤ٷపԚӎϡઑထ॒ࢲߒࢗ䩟ۥэтٷ

йЎѧϬ՜֣䩭ڀઑထ䦚Ϩ؎୳ૢЅϢЙҰϴԮߒࢗٷ

1. ϨԚӎϡ॒ࢲߒࢗЎ䩟ϩЄվઑထНйҩϪ֞ߒࢗ䩲

2. Ϫ֞ߒࢗРࡄЅҒحӡ֧ࡄਡЅϡઑထ䩲

3. Ϫ֞ߒࢗϡਤ౨ϥҒحТюϡ䩟ئԆϥҒحТюۘࠏ໪ઑထϡਤ౨䩲

֡РҷϣϬ՜֣ϢЙНйϨϣӡࡄ֏ϼϦ۵ثӓϡІ҃٩ઑထߒࢗҤ֚Ԛԝӊэ

тϪ؃ϡߒࢗЌҨ䩭سङϦ׶ԋϡࡄਡઑထ䩟࣊༌࠻Ն٤పϡࡄਡ੻ऎЌਦࠏۘࣔ܋

໪ઑထϡԜ৭ߒࢗ䦚ॎѼϨࡆԈєୂЎ䩟І҃٩ϡઑထࡢࡢ֞ߒࢗϩѸמϡЌҨ䩟ԝ

ҒמϽϡڲڋҨҳ䦚ԔϣડєୂЎ䩟ϨԚӎϡֺխЎࡄਡэтٷԡйߒࢗϡઑထ䩟Ϣ

ЙНйײঐڶЋІ҃٩ϡߒࢗҤ֚Їԡйעࡽ䦚ґзњҖϬ՜֣ϡ۵ࡣϥ֡Рд໯Ϫ

ਤ౨ТюߵՄӡ֧йࡢਡઑထЅӛٍѓϡࡄߒࢗϨٷ䩟ւֲоϣԈэтࡄϡРߒࢗ֞

Ҥ֚䩟ئԆϡ䩟ӆҹԳѢԮࠏۘڀ໪ઑထϡߒࢗҤ֚䦚

؎࣮୳ૢЅϡ㮥⢔⤴⮒㝪㷡ϥ䩭Ғ࠹֭حфᆡ਎Ϫ֞ߒࢗϡӡ֧Рߵࡄਤ౨Тю

Рࡄ䦚੃ӛرҌ䩟цӊІ҃٩ϡઑထߒࢗРࡄґࡖߞϨϣࡢࠇՄНᆡ਎ϡ֚ڲᔓপ䦚Ԕ

ϥцӊϪ֞ߒࢗґߞ䩟Ͻחдϡ䦧֚ڲ䦨ЁϥϨэтٷϡϽֵݽՖҲϡ䦚ӎЗ䩟цӊϤӎ

ϡઑထ൬۠ӎϣϬઑထ䩟этٷЇНЌٍѓϤӎϡҤ֚ӥѴԜ৭ߒࢗ䦚ӹױ䩟Ғҝϴ

ؒэтٷఱцҟϬઑထЁ൜ܐϣϬࡢՄϡ֚ڲϨӥকЅ׍ϤНҲ䦚цױӆҹ٤оϦϣ

҇ऴӊ␉⿞ᆡ਎ϡઑထӡ֧фਤ౨ТюҤ֚䩟ҟֺ೫ଯϿϩц׏ϡРࡄйٍߵѓϺϡ

Ҟ֥ᆡ਎䦚Ϥӎϡ೫ଯНйՖҲॵׁٍѓй࢕ӎߒࢗϣϬઑထ䦚֡Рϸ҇ҤܴϣҤӌ

ЋэтϪߒࢗ࠹؃֭Р٤ࡄపϦࡢՄНҲϡҤ֚䩟ࡔϣҤӌНйҤ۬Ϥӎ೫ଯϡд໯

фцԝ䩟ӎЗЋҏњϡࡢՄ֚ڲӥѴ٤పډӊԑثϡࣔ܋䦚

ӥ࢙୳ૢԣҴ䩟Ͻม 82% ϡઑထНйԜ৭сҩэтߒࢗٷ䩟ԷЅد၉ۘࠏ໪ϡڊ

ϤϺߒࢗҤ֚ђЌԜ৭ߒࢗઑထ䦚ґѴϩϡІ҃٩ઑထڷ 10% ϡઑထ䩟ॸҰϴϥԝࢹ

ϨЪϽࡖҤ֚࣊ѼߒࢗҝԣҴ۵ӓϡઑထֲࡑఱӮணҳ䦚ӥ܋׺䩟Ғࡿԋϡઑထण׶

ϡ׺ڢ٤ҽ䩟׍ϩࠏۘעࡽֳܨ໪ઑထϡߒࢗ䦚֡ Рд໯ࡄਡ؃ϡߒࢗРࡄ䩟ӆҹдԆ

ւֲϦࢳϬѓӊઑထӡ֧фਤ౨Тюϡ೫ଯ䩟НйЋІ҃٩ઑထߒࢗ৔भ٤పۓϴϡ

໪ࠏۘߒࢗ䩟ӆҹւֲоϦцӊІ҃٩ࡄϡРߒࢗٷ䦚ѸԳϴϡ䩟֡Рд໯этࣔ܋

ઑထϡϩ݌Ҥ֚䦚۰܏䩟эт׶֡ٷНй࣠ࣝվّϡܾຎ٤ڷڊԼНߒѓϡۨࢗڷڊ

୙ӑ䩟؎РࡄэтٷҰϴ࣊༌ԷӔϩϡэтҮࡑґ׍ϤР֏࣊༌Էࣄ੗ߒࢗҮࡑ䦚Է

ҋ䩟ٍسэтٷϨԟҪϤԑࡄثਡۋЌϡєୂЎ䩟࣠ࣝࡄਡЅϡԚঐڷڊНйࣔ܋ઑ

ထߒࢗϡਤ౨Тю䦚зњ䩟этٷϨӡ֧фߒࢗϡРࡄЅϿᆨׁٍѓϤӎϡّࣝҞ֥
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৔भ٤పϦԳߒࢗ໪ઑထϡІ҃ࠏۘז৭ଛ䦚ϼ਎тѴЋӆҹ٤оϡӌކϡߒࢗڢ٤

ϴϡࣔ܋䦚؎୳ૢ֞ӑӔтԣϨЅм॓Ѻ (Science China Information Sciences) 2019 ϼ䦚

1.3.2 ⫑㲂㽔㜢⪆➶☨㐯㦍⛊㢭⭒㗯

࣠ࣝӔϩϡ୳ૢԣҴ[59]䩟ڢ٤ӡ֧ކ৭ଛНйϩڢ٤݌ઑထߒࢗϡЌҨ䦚цӊۘ

ӊਤ౨ТюѸӸۥ໪ઑထࠏ৭ଛࣸЏѸЋԳϴ䦚Ұϴ֍ӹϥۘކ䩟ӡ֧ߞ໪ઑထґࠏ

੡ԡ䩟Ӿӡ֧ކ৭ଛԝࠍࢹЗϿԗ؎੡ԡӵϽ䦚ӹױ䩟ЋϦϩࠏۘߒࢗ݌໪ϡઑထ䩟٤

䦚ب৭ଛЇϥԷЅϣ࣮Գϴ୳ૢֵކӡ֧ϡڢ

࣠ࣝӥ࢙୳ૢϢЙтѴ䩟ϨϪ֞ϡߒࢗРࡄЅэтϪ׶؃֡ϿֲׁࡄਡϡϤӎئ

෥Ҟ֥ѓϱᔅࡾઑထӡ֧䩟ԝҒࡄਡؽҲРࡄЅϡԸ֝ԼߚҞ֥йࡄߵਡ௬Ҳϡբዓ

Ҟ֥ҳ䦚ऴӊױ䩟ӆҹ٤оϦϣϬऴӊࡄਡ૮ݮਢдϡઑထӡ֧Ҥ֚䦚؎Ҥֲׁ֚Ϧ

ऴӊࡄਡࠏഉфऴӊࡄਡ૮ݮϡҖ҇ઑထӡ֧Ҥ֚䩟֡РԗҖ҇Ҥ֚ӛ࣊༌ϡئ෥Ҟ

֥Ը޼ϺϣϬئ෥෢ (෢ݮਡ૮ࡄ) ՖҲֲׁњӥѴцࡄਡ૮ݮϡ࢛ཇ֏ਢд䩟Ԫґ٤

৭ଛ䦚ކઑထӡ֧ϡڢ

؎࣮୳ૢࡖϨϡ⤴⮒㝪㷡ϥ䩭ҒحӥѴئ෥׺ҽϡԸ޼䦚࣠ࣝԚԮ୳ૢೀཾ䩟ऴ

ӊࡄਡ૮ݮϡӡ֧Ҥ֚࣊༌ࡄਡ૮ݮҞ֥䩟ґऴӊࡄਡࠏഉϡӡ֧Ҥ֚࣊༌ࡄਡ௬Ҳ

Зϡׄঈ (ԝҒطܬ) ࿡౐Ҟ֥䦚ЋϦٍҖٷϨࡄਡ૮ݮ෢ӥѴҞ֥࢕ұфֲׁ䩟ϢЙ

ؑϴ۰܏ԗࡄਡࠏഉئ෥ྱथЋࡄਡϡ૮ئݮ෥䩟ѼњԁӓٷՖҲֲׁ䦚֔ױ䩟ۥӊ

РߒࢗϽЩ䩟ґઑထڍԁઑထϡԮݮਡ૮ࡄӡ֧Ҥ֚ЏϺϡֲҝϥϤӎݮਡ૮ࡄࣝ࣠

ঈׄڷڊथҘྱބݮਡ૮ࡄԗӡ֧ЏϺϡح䩟Ғױঈ䦚ӹׄڷڊϴӡ֧ϺоӮϡؑࡄ

ഒ䦚ߎҽЇؑϴ׺

ӌцϼ਎खږ䩟ӆҹ࣏ܴ٩сӡॶϦϣϬࢅϣϡઑထӡ֧থࡿ䩟֡Рӡॶئ෥׆

ਡׄঈࡄҟϬޕ޳ϥ䩟ࡄՄРࡢ䦚Է޼׆ҏҽϡԚૠݮഉф૮ࠏਡࡄНйӥѴّ៲޼

֧ঞࡖϨϣϬ֝׶஼୫ 1 䦧TRUE䦨䩟जࡄਡڷڊϡ࿡౐НйϣцϣсྱथϺц؎֝׶஼

୫ϡ࿡౐䩟ӥѴԁऴӊ૮ݮӡ֧Ҥ֚Ѕӛӡॶ஼୫ϡֲׁ䦚૮׺ݮҽЅழࣥϡ஼୫҇

ण䩟цࡄਡ૮ݮӥѴѸ࢛ཇ֏ഠݓ䩟ڢ٤цࡄਡઑထϡ᥌ԆЌҨ䦚зњ䩟࣠ࣝϤӎ஼

୫ҩӡॶϡࡢՄ֧ڷڊঞ䩟ԗ஼୫ԁઑထϡԮ࠾ԮྱڍथЋׄڷڊঈԁઑထϡԮڍӥ

Ѵઑထڷڊϡӡ֧䦚

ᆨϼ䩟ӆҹ࣏ܴ٩ϡӡॶϦϣϬࢅϣϡऴӊࡄਡ૮ݮϡӡ֧থࡿ䩟НйЋ٩ࢅڍ

с୳ૢҒࡄֲׁحਡࠏഉфࡄਡ૮٤ݮపࣔ܋䦚ѸࡢՄЛ䩟ӆҹ٤оϡઑထӡ֧থࡿ

ᆨׁߎഒϦ૮ݮ஼୫҇ण䦙஼୫॔௅֏ڲڋԍܴ䦙૮ݮҞ֥ϡཇ֏йߵϤӎ஼୫ϡॵ

ׁ࣏ܴцӡֲ֧ҝϡؙড়䩟֡Р٩ࢅڍϡӥࡑ୳ૢ٤оϦϣϬЈϡઑထӡ֧Ҥ֚䦚ӥ

ࠏਡࡄϡऴӊࢅت৭֏䩭ԚԝӊކѴϩઑထӡ֧ϡڢ٤݌ԣҴ䩟؎ӡ֧Ҥ֚Нйϩࡑ

1 䦚ݮਡϡ૮ࡄਡ஼୫ѓӊᆡ਎ࡄ
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ഉфࡄਡ૮ݮϡӡ֧Ҥ֚НйܼϺ 32.6% ф 227.9% ϡކ৭ଛڢ٤䦚؎୳ૢ֞ӑӔт

ԣϨ ASE 2019 ϼ䦚

1.3.3 ⫑㲂☉⢔㬥⺋☨⏣⛃㔶⒱⭒㗯

࣠ࣝԚԮ୳ૢೀཾ䩟ۥӊۘࠏ໪ઑထԳࣄߒ੗ّ֝ࣝۨࢗЩ䩟ࣔঊѴϩઑထߒࢗ

Ҥ֚Ѫ֚ԪЅ٤Լϩ݌ϡਤ౨থ५ѓӊߒࢗ䦚ӥকϼ䩟ԪϢЙϡϪ֞ӥ࢙୳ૢЅтѴ䩟

этٷϨ࣠ࣝ҈ۨࢗڷڊຎ٤Լۨࢗথ५З׍ϤРд࣊༌ӊ҈ۨࢗຎϡԳߒԛ䦚Ԛބ

ϡ䩟јӛ࣊༌ϡϥئڷڊ෥ϡԳߒԛ䦚سцӊѯӡϡϣڷڊݫ䩟ڃԈئ෥ϨԚঐۋЌ

ϡڷڊЅϽมଛӎ҈ࡖϨ䩟ԝҒိڊᬂࢲϡРࡄЅ֡׶Ͽϩ䦧for䦨ֲพҳ䦚ऴӊױ䩟э

тٷНйކࢹ৭ϡ׏ѓࣄ੗ϡߒࢗϺӾӓϡઑထڷڊϼ䦚իϼ਎೩т䩟ӆҹ٤оऴӊ

؀Ϭࣄ੗ۨࢗϡਤ౨থ५٤Լ৔भࣔ܋ਤ౨Тю䩟ఱцۘࠏ໪ઑထࡖϨϩࡳϡԳࢗߒ

ਤ౨Тю䦚ߒࢗࣔ܋੗Зࣄۨ

ԝҒЎӌϡϣϬຎж䩟֘1.3Ѕӛܾϡڷڊϥѐӥ઱խЅϡઑထߒࢗਤ౨䩟ϱІӊ

ઑထߒࢗϡऴّࣝކओ Defects4J(v1.2.0)[44] Ѕϡ Mockito-22䦚ԷЅ䩟й䦧+䦨в״ϡҲڊ

ԣЈ๭Պϡڷڊ䦚

12. public static boolean areEqual(Object o1, Object O2) {
13.+ if ( o1 == o2 ) {
14.+ return true;
15.+ }
16. if ( o1 == null || o2 == null )

֘ 1.3 ઑထ Mockito-22 ਤ౨ڷڊ

Ԫ֘ЅНйЃо䩟؎ઑထϡߒࢗϥྔӸϦцتՊϡҖϬّ܀ϡၼҳԝࢹ୙ӑ (13-
15 Ҳ)䦚ӥকϼ䩟Ϩэ੅ϡڷڊሹᆟЅࡖϨۘ׶Ԛঐϡઑထࣄߒࢗ੗ 1 䩟ԷۨࢗҒ֘1.4ӛ
ܾ䦚

526. boolean _equasComplexEL(Object left, Object right, ...) {
527.+ if ( left == right ) {
528.+ return true;
529.+ }
530. if ( Decision.isSimpV(left) && Decision.isSimpV(right) ) {

֘ 1.4 э੅࣮۵Ѕϡࣄ੗ܾߒࢗຎ

ԪϼӌϡҖๆ֘ЅНйтѴ䩟ॎѼҖۨࢗ؝ϡڷڊϩӛई஬䩟ԔϥಈԼϡۨࢗ୙ӑ

ϥӎ҈ϡথܴ䩭ྔӸҖϬتՊّ܀ϡၼҳԝࢹ䩟׍ϨֺխЋѐϡєୂЎၖҘ֝׶ true䦚
ӹױ䩟ҒҝϢЙНйϨ؎ࣄ੗ۨࢗЅ٤Լоϼ਎ϡۨࢗথ५䩟ϢЙНйѸډبсӥѴ

1 https://github.com/clitnak/mcrailo/commit/8e76da8
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ц Mockito-22 ϡԜ৭ߒࢗ䦚ӥকϼ䩟ϼ਎Ԛঐϡࣄ੗ۨࢗϨРЧϡࡏёЗҽѦ䩟Ϩэ

੅ڷڊЅђоѴРϣҋ䦚ӹױ䩟ҒحԪϸ؀Ϭϡ҈ຎЅІ҃٩с٤ԼоНߒѓϡਤ౨

থ५׍Ϥډب䩟ӹЋࣄ੗ڷڊۨࢗфЈϡઑထۘ׍ڷڊԟҪϣঊ䦚

࣠ࣝϼӌϡᆡ਎䩟Ԫ؀Ϭ҈ۨࢗຎЅ٤ԼНߒѓϡ֡ѓਤ౨থ५Ұϴӌை⼉⢔㝪

㷡䩭(1) Ғحӡॶߒࢗਤ౨থ५ϡ֡ѓԣܼ࣏ܴ䩮(2) Ғ҈עࡽحӆّࣝ֝Щϡ՜֣䦚ц

ӊҷϣϬखږ䩟ߒࢗਤ౨থ५ϡԣܼ࣏ܴؑϴࡢϩ҅ࢽϡԣܼЌҨйٍԷࡢϩמࢹϡ

֡ѓԛ䦚цӊѯӡϡϣϬ҈ۨࢗڷڊຎ䩟ӾԪЅ٤Լۨࢗϡথ५З䩟ϢЙؑϴݸӡڃԈ

߈خ٧ԛؑϴڷڊ (Ϩ׏ѓথܴЗؑϴҩጃࡈ)䦙ڃԈ٧ԛϤؑϴ߈خ (Ϥؑϴҩጃࡈ)䦚
ґϨϤӎϡϼЎҹЅ䩟٤Լоϱϡথ५ӛࡢϩϡ٧ԛЇНЌࡖϨई஬䦚ӹױ䩟҅ࢽϡԣ

ܼЌҨϥ٤ҙਤ౨থ५ϨϤӎԿ࢓Ў֡ѓԛϡۓϴֺխ䦚цӊҷԏϬखږ䩟ϨѓӊѺ

Зࡳϩ׶ϡ҈ӆّࣝۘܠ (Ғ֘1.4Ѕϡۨࢗ)䩟Ғݸحӡਤ౨থ५Ѕ߈خ؎׏ϡئڷڊ

෥䩲࣠ࣝϼӌϡຎж䩟Ғҝ٤Լϡথ५دଭѿЄϡئڷڊ෥Ҟ֥ (ԝҒԸ֝䦧left䦨)䩟Ͽ

ࣔঊԷԁоӮڷڊϤጃࡈґϤ޸ѓߒࢗϼ਎ઑထ䦚Ԛބϡ䩟ҒҝԷدଭϡئ෥Ҟ֥ѿ

վ䩟ϿࣔঊԷҩѓӊߒࢗϤԚԮϡઑထ䦚

ఱцϼ਎ϡҷϣϬखږ䩟ӆҹ٤оϣ҇ऴӊࡄਡ֘ϡۨࢗথܴԣܼ࣏ܴ䦚֘থࡿ

Ϩݮݔϡ઱խд໯ЅҩҮٍ׶ѓ䩟ӹЋԷࡢϩ҅ࢽЄԸ䦙ԣܼЌҨמϡئԛ䩟ԝ޸ࢹ

ׁᆡ਎ֲڷڊพ䦚Ԕϥۥӊ֘থࡿጃࡈϡЗҽߒ૜֏ԝࢹҙ䩟ӹױϨ֋֝ϡڷڊጃࡈ

ЅҩЪվٍѓ䦚۵ӓϡ୳ૢЅЄйஔֲࡿพѓϱԣܾۨࢗڷڊথ५䦚ӆҹЅ٤оϡڊ

ϡϽЩ䦚ӎЗ䩟֘ءସ҅ࢽม݉䩟Нй࣠ࣝؑϴৢࣁϡᇓ֘ڷڊѓ׏ԣܼ࣏ܴ֡Р֘ڷ

ϡৣຝܴ֘ݪথ५ԣܼЌҨϡӎЗ೬࢙خНйϨ֚ڲԼࢻӊӆҹЅٍѓϡਤ౨থ५ۥ

Ҷӗ䦚ӹױ䩟ϨӥকٍѓЅ׍ϤϿࣔঊЗҽߒ૜֏РҙґϤНڲڋ䦚ఱцϼ਎Ѕϡҷ

ԏϬखږ䩟ӆҹ٤оϦٍѓ֋֝ϡэ੅ّࣝڷڊ቉ਤ҈ຎّࣝ֝Ϥ߿ϡ՜֣䦚֡Рд

໯֋֝э੅ڷڊЅϤӎ٧ڷڊԛϡд޿єୂ䩟ѓϱ؀ࣔ܋ϬڷڊәݫЅϡ٧ڷڊԛࢻ

Ϩ٤Լϡױϩ֡ѓԛ䩟ӹࡢ٧ԛڷڊϡ޿ЂϥϨϤӎ࣮۵Ѕܲጷдڽ䦚ԷऴӆࡄРࢣ

ਤ౨থ५Ѕ߈خ؎׏䩟ਦज׏؎࿋ङ䦚؎Ҥ֚ԗথ५٤ԼРࡄЅцԳۨࢗߒϡ࣊༌׆

ԸЋц٧ԛд޿ϡ࣊༌䩟ԪґԗцԳ҈ߒຎڷڊϡ࣊༌׆ผϺϦ֋֝ϡѪԮڷڊϼ䦚

֡РԪ֋֝ϡэ੅ڷڊЅд໯٧ڷڊԛϡд޿єୂ䩟עࡽϦਤ౨থ५ѺܠцϽ֝

Գۨࢗߒϡ࣊༌䩟ԪґݸثϦۘࠏ໪ઑထߒࢗЅਤ౨থ५٤Լϡԡ֣䦚ӎЗ䩟ۥӊԷ

ٍѓϡ֘থࡿНйϩ݌ϡڷڊࡖخϼЎҹҞ֥䩟НйЋߒࢗਤ౨ϡТю٤పۓϴϡ܋

ࣔ䦚ᆨϼ䩟ӆҹ٤оϡऴӊ؀Ϭࣄ੗҈ۨࢗຎϡਤ౨থ५٤ԼҤ֚Нйцۘࠏ໪ઑထ

ӥټ䦚з֝ڱߒࢗڢ䩟ԪґҶӸТюਤ౨҇णӎЗ٤ࣔ܋ϡ݌ҽ٤పϩ׺ϡਤ౨ߒࢗ

ਤ౨থߒࢗϡ֝ڱຎϡєୂЎ䩟НйТюҙ҈ۨࢗߒԣҴ䩟؎Ҥ֚ϨϤ࣊༌Գ࢙ࡑࡑ

५䩟׍Ќߒࢗѐӥ࣮۵Ѕϡۘࠏ໪ઑထ䦚؎୳ૢ֞ӑӔтԣϨ ASE 2019 ϼ䦚

9



ҹڹ୳ૢТѺ֧ࡲϽѺѕߟܚ

1.3.4 ⫑㲂㦐㙾■⿵☨⏣⛃㔶⒱⭒㗯

ϼҹ٤оϡऴӊ؀Ϭࣄ੗٤ۨࢗԼਤ౨থ५Ҥ֚НйϨϣӡࡄ֏ϼࠏۘעࡽ໪ઑ

ထϡਤ౨Тю՜֣䦚Ѽґ䩟Գߒϡࣄ੗׍ۨࢗϤւϥࡖϨϡ䦚ӾߒࢗϡઑထϨࣄ੗Ѕ

ϤࡖϨЗ䩟ϼ਎Ҥ֚ЇϿ݌׹䦚ԪϪ֞ઑထߒࢗӥ࢙୳ૢЅтѴ䩟ࡄਡэтٷϨ߁Ϻ

Ԫב۔කРϡઑထЗ䩟ϿঀऊӾӓϡઑထࡄਡڷڊ䩟࣠ࣝԚঐۋЌϡڷڊәߒࢗݫઑ

ထϡڷڊ䦚Է֍ӹϥ䩟ӎϣϬ࣮۵ϡ׶֡ڷڊϥۥӎϣϬэтڈٷӎϣϬࣕࠬϡэт

ϩϣӡϡԚঐԛ䦚ӹґ䩟࣠ࣝԚঐϡࡢը۴ڷڊ䩟ԷڷڊЌϡۋ䩟цӊԚঐܐӛ൜ٷ

ϡܾࣁਤ౨䦚ԝҒ֘1.5Ѕӛߒࢗܐ൜ߵЌйۋਡϡࡄثѸϮϡԑٷэтࡾݨНйڷڊ

ϥّࣝओ Defects4J Ѕϡઑထ Closure-57 ϡߒࢗਤ౨䦚

1.+ if ( target != null && target.getType() == Token.STRING ) {
2.- if ( target != null ) {
3. className = target.getString();
4. }

֘ 1.5 ઑထ Closure-57 ਤ౨ڷڊ

ઑထؑϴҶӸϣϬҪЈϡֺխऎଚtarget.getType()==Token.STRING䦚Ѩӥϼ䩟Ԝ؎ߒࢗ

৭Тю؎ઑထϡߒࢗਤ౨׍Ϥډب䩟Է֍ӹҰϴϩҖѢ䩭۰܏䩟ϢЙؑϴҌѬӾӓؑ

ϴҶӸϡֺխϥϼ਎ϡ࣏ܴ (䦧==䦨ԝࢹ) йؑߵϴцԝϡϥtarget.getType()ϡၖҘߚ䦚Է

ҋ䩟ٍسҌѬйϼϡܴ࣏ۨࢗ䩟ԷцԝϡцࢣToken.STRINGЇЪԡҩӡ֧䩟ӹЋϨTokenण

ЅࡖϨײב 100 ѓSTRINGґϤϥԆϡٍ؎׏؝ױ৭ӡحНйѓϱӑцԝ䦚ӛйҒ֝׶҇

䦚Ԕϥ䩟֡Рд໯ّࣝϢ࠹֭ۨࢗϨϼ਎ࡖЅϤۨࢗ੗ࣄϣҤӌ䩟ࡔд੡ԡ䦚֐֝׶

ЙтѴ䩟ԁоӮڷڊϨӎϣϬҹխЅࡖϨࡔϣڷڊ؝䩟Է࣏ܴҒЎ֘1.6ӛܾ䦚

1. if ( last != null && last.getType() == Token.STRING ) {
3. String propName = last.getString();
4. return (propName.equals(methodName));
5. }

֘ 1.6 Closure ࣮۵ЅϡԚঐڷڊәݫ

֡Рд໯䩟ϼ਎ҖࡢڷڊݫϩЪמϡԚঐԛ䩭ҖࡢڷڊݫϩԚӎϡֲพ׍ॸцӎ

णࡿϡҖϬԸ֝ (targetфlast) ಈԼϡ်आ୙ӑϥϣঊϡ䦚ӹױ䩟࣠ࣝ֘1.6ЅϡԚঐڊ

ҽԗҩ࡙Ͻсᚤँ׺ਤ౨ϡഎ౱ߒࢗ䩟ڷ (Нйבׯӡ֧Ϻ֝׶Token.STRING)䦚Ѽґ䩟Ϩ

䩟ۥТюਤ౨Зڷڊѓϼ਎Ԛঐ׏ ӊҖڷڊݫϤԟҪϣঊґॸ࣊༌Ϥӎϡ঵חԸ֝䩟࣠

ࣝԷТюߒࢗਤ౨ӎ҈ࡖϨखږ䦚

Ϩ؎࣮୳ૢЅҰϴӌைйЎ⼉⢔㝪㷡䩭(1) Ғحϩ݌ϡഎ౱ࣔ܋ਤ౨Тюϡڊߎ܀

䩮(2)ڷ Ғߒحѓڷڊߎ܀Тюߒࢗਤ౨䦚۰܏䩟Ԫϼ਎ϡܾຎࡄਡНйтѴ䩟Ϩ࣠ࣝ
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ϡײЌԚۋӑѓ䩟ђϩࣔ܋ިࡢЁݫәڷڊϤϥӛϩϡ׍ਤ౨З䩟ߒࢗТюڷڊߎ܀

ϥϣϬԮඡԡ֣䦚ѴϩڷڊЌԚঐϡۋഎ౱حҒױҺॶ䦚ӹࣔ܋ϡמࢹҥϩݫәڷڊ

ϡҤ֚Ұϴߎഒڷڊϡҹӆئ෥䩟ґЬϩЪϮϡߎഒڷڊϡܬॶئ෥䦚ӹױ䩟എ౱Ϻ

ϡڷڊϤࡢϩࢹϮϡࣔ܋ӑѓ䩟ࣔঊݘډبТӮணϡߒࢗਤ౨䦚Էҋ䩟ӾѯӡϣϬ܀

ڷڊԁоӮڷڊߎ܀ϣԮඡԡ֣䦚ࡔਤ౨ϥߒࢗТюڷڊߎ܀ࣝ࣠ح䩟Ғݫәڷڊߎ

ҏҽࡖϨ࢕ԛϡӎЗЇࡖϨई஬ԛ䩟֡׶єୂЎϤЌߒבׯѓڷڊߎ܀Тюߒࢗਤ౨䩟

ҒܾຎࡄਡЅϡڷڊߎ܀ЅࡖϨ๩֔ϡreturnطܬϨਤ౨ڷڊЅѪѓ䦚

ఱцϼ਎ϡ୳ૢखږ䩟۰܏ӆҹ٤оϦϣ҇ऴӊ֚ܬڷڊфܬॶϡԚঐڷڊഎ౱

؎എ౱䦚݌ϡҙڷڊϡԣܾ࣏ܴӥѴ֝זЋڷ෥൜ئॶܬф֚ܬϡڷڊ䩟֡Рԗ֚ڲ

Ҥ֚Ϥ঎НйࢹϮϡࡧԆڷڊϡܬॶҞ֥䩟ڢ٤ӛഎ౱Ϻϡڷڊߎ܀ϡ֝ڱ䩟Нйϩ

Ѕ䩟ӆҹ٤оϦࡄਤ౨ϡРߒࢗТюڷڊ䩟Ϩ࣠ࣝԚঐ֔ױ䦚ۨࢗڷڊҺϡڗݪ೬݌

ϣ҇ऴӊڷڊई஬٩ϡਤ౨Тю֚ڲ䦚ࡢՄϱ܇䩟ϢЙ۰ڲڋ܏оӮڷڊфԚঐڷڊ

Ϩ֚ܬࢣࢻஔϼϡईԆ䩟Ѽњ࣠ࣝԷई஬ԅЏцڷڊϡ࢛ཇ֏ۨࢗ୙ӑ׍ӥѴцԚঐ

䩟ӆҹϨױҽԸϽ䦚Ћ׺Ͽࣔঊਤ౨ϡഎ౱ۨࢗѓ䦚Ѽґ䩟࢛ཇ֏ϡߒ֏ϡ࢛ཇڷڊ

ڷڊц޿Ѕϡ୙ӑдߒࢗ੗ࣄڋࢅ੗ਤ౨ّࣝ䩟֡РࣄЗ䩟ӎЗֲׁϦڷڊѓԚঐߒ

ҽ䦚׺сऎଚਤ౨എ౱݌РᎸ䩟ԪґНйϩ܌ѓՖϣߒ

ᆨϼ䩟ӆҹ٤оϦϣ҇ऴӊԚঐڷڊϡਤ౨Тю৔भ䩟Нй࢛ཇ֏ϡߒѓ࣮۵Ѕ

ϡԚঐڷڊѓϱТюߒࢗϡਤ౨䩟НйЋۘࠏ໪ϡઑထ٤ߒࢗపϩࣔ܋݌䦚Ԛঐڷڊ

ऎଚϦѓӊТюਤ౨ϡۨࢗڷڊ୙ӑйׄڷڊߵঈ䩟ґࣄ੗ਤ౨Ֆϣ٩ހ܌Ϧࢗڷڊ

ۨ䦚؎৔भעࡽϦۘࠏ໪ઑထϡߒࢗцਤ౨থ५ϡ࣊༌䦚ۥӊߒࢗਤ౨ϱ੅ӊӔϩϡ

Ϫ֞ڷڊ䩟Нйϩ݌೬ݪਤ౨ϡڦҜԛ䩟ڢ٤ਤ౨֝ڱ䦚֡Рӥ࢙ࡑҴ䩟؎Ҥ֚Нй

ϩ۱݌ѓԚঐڷڊϡࣔ܋ӑѓ䩟ԚԝзЈϡઑထߒࢗ৔भ䩟ڢ٤ّ֝ߒࢗϦ 30.8% Ϻ

33 හ䦚؎୳ૢ֞ӑӔтԣϨ ISSTA 2018 ϼ䦚

1.4 ⿥㢶☨㾉㺑ⰵ⤕

ӆҹॵ௼дЋࡏϬחд䩟ࡢՄҒЎ:

• ☾㮥㷦㯧㬀䦚Ұϴᶻ਎ڹҹ֞ӑϡࠧ࢓䩟܋׍оѴϩ୳ૢЅϡϤ߿йߵೀཾӆ

ҹϡҰϴ֞ӑфࡷЈѢ䦚

• ☾✠㷦㦐⤴㫼ⳑ㦆㽔䦚ҪӌсҘઈфւֲઑထ֩ߒࢗ෢ϡԚԮ୳ૢ֞ӑ䦚

• ☾㑻㷦㐯㦍㩌⡒㖯㺆㫼ⳑ䦚૘࢛ೀཾϪ֞ઑထߒࢗϡӥ࢙୳ૢ䦚֡Рд໯Ϫ֞

໪ઑထІ҃ࠏઑထӡ֧фਤ౨Тю೫ଯ䩟Ћӆҹϡۘ࠶ڍ䩟ւֲϦϣࡄРߒࢗ

䦚ࣔ܋Ҥ֚٤పߒࢗ
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• ☾㙼㷦ギ㦢➧㊷➑㐯㦍☨㽴⛑㩌⡒⭒㗯䦚૘࢛ೀཾӆҹ٤оϡӌࠏۘז໪ઑထ

ϡІ҃ߒࢗҤ֚ IBFix䩟ԷЅҰϴدଭйЎѧϬҰϴחд䦚

1. ⫑㲂㽔㜢⪆➶☨㐯㦍⛊㢭⭒㗯䦚࣏ܴ٩сӡॶϦࢅϣϡઑထӡ֧থࡿѓ

ϱֲׁऴӊࡄਡࠏഉфऴӊڋࢅԛ݆Նϡӡ֧Ҥ֚䩟׍ऴӊ؎থࢅڍࡿ

ԛ୳ૢϤӎϡֲׁҤܴ䦚зњ٤оऴӊࡄਡ૮ݮਢдϡӡ֧Ҥ֚ڢ٤ӡ

֧ϡކ৭ଛйࠏۘ߿ٶ໪ઑထߒࢗцӡ֧٤оϡѸҙϴؒ䦚

2. ⫑㲂☉⢔㬥⺋☨⏣⛃㔶⒱⭒㗯䦚٤оऴӊ؀Ϭ҈ຎϡਤ౨থ५٤Լ৔भ䦚

؎Ҥٍ֚ѓ֘থࡿԣܾߒࢗਤ౨থ५䦚֡Рд໯ڷڊϤӎ٧ԛϨ֋֝э

੅ڷڊЅϡд޿єୂ䩟Ћਤ౨থ५ϡ٤Լ٤పϩ݌ϡࣔ܋ϱࠏۘעࡽ໪

ઑထਤ౨Ѻ҈ܠӆّࣝվϡ՜֣䦚

3. ⫑㲂㦐㙾■⿵☨⏣⛃㔶⒱⭒㗯䦚٤оߎ܀Ԛঐࣔ܋ڷڊਤ౨Тюϡ৔भ䦚

؎৔भ֡РцԚঐڷڊфઑထڷڊϡई஬д໯٤Լਤ౨Тюϡۨࢗڷڊ

୙ӑфׄڷڊঈ䦚֔ױ䩟ЋϦՖϣ٩ހ܌ਤ౨ϡഎ౱׺ҽ䩟֡Рд໯ࣄ

੗ਤ౨Ѕϡۨࢗ୙ӑд޿䩟цߒࢗਤ౨ՖҲРᎸйڢ٤ਤ౨ϡ֝ڱ䩟ࡽ

Зϡਤ౨Тюԡ֣䦚ߎ܀ӑЋۨࢗ੗ࣄߒ໪ઑထѪԳࠏۘע

• ☾㣗㷦㖯㬕㬕㺆䦚֡Рцԝӥ࢙ࡑࡑӆҹ٤оϡІ҃ߒࢗҤ֚ IBFix ϡ݌ߒࢗ

ҝ䩟ӎЗ࢙ࡑԷϤӎॵխ (ӡ֧фਤ౨Тю৔भ) ϡϩ݌ԛ䦚

• ☾⽅㷦ⰵ⿥⭆㷝㠯䦚ւֲӆҹ୳ૢ֞ӑ䩟۔ֳࣁ׍ϱϡНЌ୳ૢҤڈז՜֣䦚
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☾✠㷦 㦐⤴㫼ⳑ㦆㽔

ӆאцઑထ֩ߒࢗ෢ϡ୳ૢѴ૮ՖҲࢹҪӌϡҘઈфւֲ䩟׍ఱцઑထߒࢗРࡄ

Ѕӛᇎߵϡӡ֧фਤ౨ТюҖϬРࡄՖҲдणೀཾ䦚

2.1 㐯㦍⛊㢭⭒㗯

࣠ࣝઑထӡ֧ (Fault Localization) ৔भӛٍѓϡࡄਡҞ֥ϡई஬䩟۵ӓٍѓԝܲࢹ

ጷϡઑထӡ֧Ҥ֚Ұϴدଭऴӊࡄਡࠏഉфऴӊࡄਡ૮ݮϡҖ҇ӡ֧Ҥ֚䦚ӆڝԗϲ

йϼҖणӡ֧Ҥ֚дԆೀཾԷ୳ૢѴ૮䦚

2.1.1 ⫑㲂⒴㩠㊷㋙☨⛊㢭

ഉࠏਡࡄ (Program Spectra) ϥࡄਡϨؽҲϡРࡄЅࡆҤӌҲЋϡд޿єୂ䩟ԝҒࡄ

ਡЅҟֺطܬҩϤӎ࠻Նӛ௬Ҳϡєୂ (ЇҩीЋࡄਡϡ࿡౐) ҳ䦚؎ม݉зՉۥ Reps
ҳϪ[86] Ϩ 1997 ё٤оϱѓӊڲڋݸثҜϡ䦧࡛ёັ䦨՜֣ (Year 2000 Problem) 1 䦚њϱ䩟

Harrold ҳϪ[31] Ϩ 2000 ёцࡄਡࠏഉ҂ϦՖϣ܌ϡ࢛٩дण֡׍Рӥ࢙ࡑҴϦࡄਡϡ

ՆЎ䩟࠻Նओϡ࠻ਡϱЛ䩟ϨӎϣϬࡄϡ䦚цӊϣϬ઱խ࠾ϨԮࡖϥݮਡϡ૮ࡄഉфࠏ

ഉϥϤӎϡ䦚ԷࠏਡࡄЅӛԣѴоϱϡࡄҲРؽՆ࠻ϨӮணЗࡖϨӮணфϤࡖਡЅࡄ

ѓϺϦ׏׍䩟ڀӛԮٷഉҩܲϽϡ॓୳ѺࠏਡࡄՄϡдणҒԣ2.1ӛܾ䦚؎тѴٍЏࡢ

ӥকϡઑထӡ֧Ѕ[2,43]䦚

2.1.1.1 ⫑㲂⒴㩠㊷㋙☨⫑〉⛊㢭➝➈

зՉϡऴӊࡄਡࠏഉ (Spectrum-Based) ϡӡ֧Ҥ֚ϥ 2002 ёۥ Jones ҳϪ[42,43] ٤

оϱϡ Tarantula䩟Їϥҩܲጷٍѓϡऴӊࡄਡࠏഉϡઑထӡ֧Ҥ֚䦚؎Ҥ֚֡Р֭࠹

ӛϩ࠻ՆࡄਡϨؽҲРࡄЅϡԟݱբዓࠏഉ䩟࣠ࣝϤӎ࠻Նϡࠏഉд޿єୂڲڋҟֺ

Рϡ֡۔ҩքЄϡطܬ؎ϱЛ䩟ҒҝطܬЂϥ䩭цӊϣֺڽоӮϡมଛ䦚Էऴӆطܬ

ϡ䩟ބоӮϡНЌԛքϽ䦚Ԛطܬ؎Նӛ௬ҲϺ䩟ज࠻Նӛ௬ҲϺ䦙ҩքվϡ֡Рϡ࠻

ҒҝطܬҩքЄϡ֡Рϡ࠻Նӛ௬ҲϺ䦙ҩքվϡ֡۔Р࠻Նӛ௬ҲϺ䩟ԷоӮϡН

ЌԛքЩ䦚ӹڋࢅױҟֺطܬҩ֡Рф֡۔Р࠻Ն௬Ҳϡҋّ䩟࣠ࣝব܏ӡॶϮϡԍ

ܴНйڲڋЏϺҟֺطܬϡоӮมଛ䦚ۥӊ؎णҤ֚ϥऴӊࠏഉӡ֧Ҥ֚ϡऴኜ䩟Ћ

ϦҤ۬ԑث䩟ЎӌԗֲׁϣϬࡢՄϡܾຎࡄਡц؎Рࡄ҂Ֆϣ܌ϡೀཾ䦚

1 https://en.wikipedia.org/wiki/Year_2000_problem
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ԣ 2.1 ഉдणࠏਡࡄ

⒴㩠㊷㋙ グ㗰

дܞݒЅࠏഉ (Branch Hit Spectra) ϥਦҩ௬ҲطܬݒਡЅҟϬֺխдࡄ

дࠏّڋݒഉ (Branch Count Spectra) ҩ௬ҲϡҋّطܬݒਡЅҟϬֺխдࡄ

ԟݱբዓࠏഉ (Complete Path Spectra) բዓݱҲϡԟؽਡࡄ

բዓܞЅࠏഉ (Path Hit Spectra) РࡄҽϡѪࢲ௬Ҳբዓ

բዓࠏّڋഉ (Path Count Spectra) РࡄҽϡѪࢲ௬Ҳբዓҩ௬Ҳϡҋّ

ّࣝ࣊༌ܞЅࠏഉ (Data-dependence
Hit Spectra) ਡЅϡҟϬ䦧ӡॶ-ٍѓ䦨цϥਦ௬Ҳࡄ

ّࣝ࣊༌ࠏّڋഉ (Data-dependence
Count Spectra) ਡЅϡҟϬ䦧ӡॶ-ٍѓ䦨цҩ௬Ҳϡҋّࡄ

఍оࠏഉ (Output Spectra) ਡ௬Ҳ఍оϡֲҝࡄ

௬ҲᏈ඿ࠏഉ (Execution-trace Spectra) ϡ௬Ҳբዓݱਡԟࡄ (ӥক௬Ҳϡ܋ਘ)

ԣ2.2ӛܾЋϣϬࡖϨઑထϡࡄਡй࠻ߵՆѓຎц؎ࡄਡՖҲ࠻Նϡєୂ䩟ԷЅࡄ

ਡЅϡҷ 7 Ҳϥઑထ֧ڷڊঞ䦚ԣЅϡҟϬҤ۴ֵϡ “!’’ ԣܾц࠻׏ՆϿ௬Ҳц׏Ҳ

ӛϨϡڷڊ䩟ЇीЋ࿡౐ӛϨҲϡڷڊ䦚ԣ۴ϡзњϣҲϥҟϬ࠻Նϡ࠻Նֲҝ䩟Է

Ѕ䦧P䦨ԣܾ؎࠻Ն֡Р䩟“F’’ ԣܾ؎࠻Ն׹ਠ䦚Tarantula ࣠ࣝҟϬ࠻ՆцࡄਡЅҟֺܬ

ϡԍܴҒڲڋНЌоӮϡมଛ䦚طܬҟֺڲڋՆֲҝ࠻Նϡ࠻׏цߵϡ࿡౐єୂйط

Ўӛܾ䩭

susp(s) = 1 − hue(s) = f ailed(s)/total f ailed
passed(s)/totalpassed + f ailed(s)/total f ailed

ԷЅ䩟 f ailed(s) ф passed(s) дԆԣܾ࿡౐Ϧࡄਡׄঈ s ៲Ն࠻Рф֡Рϡ֡۔ॸ׍

ّϡّ֝䦚ґ total f ailed ф totalpassed дԆԣܾ֡۔Рϡ࠻Ն៲ّւّф֡Рϡ࠻

Ն៲ّւّ䦚࣠ࣝϼӌϡԍܴНйцࡄਡЅϡҟϬׄঈ॔ڲڋ௅֏ٕ׍ߚਡ䦚Ϩӥক

ϡ׏ѓЅ䩟ࡄਡׄঈϡཇ֏Нй࣠ࣝؑϴޕӡ䦚ԣ2.2ЅϡзњҖ࠶дԆЋ࣠ࣝϼӌϡ

ԍܴڲڋϡцࡄ׏ਡطܬϡ॔௅֏ߵߚԷцٕ׏ਡ֧ঞ䦚࣠ࣝԣЅϡֲҝ䩟ҷ 7 ֺо

ӮٕطܬϺϦҷ 1 ϡ֧ঞ䩟ӹױਤ౨ТюРࡄϿ܏ހ൪Նцҷ 7 䦚ߒࢗՖҲطܬֺ

Eric Wong ҳϪ[20] Ϩ Tarantula ϡऴኜҏϼ٤оϦϣ҇೩тܴϡҤ֚ѓϱ٤ҙ

Tarantula ϡކ৭ԛ䦚цӊҟϬ֡Рϡ࠻Նطܬ䩟Tarantula Ҥ֚ڶЋؚЙӛвϡӑѓЁ

ϥϣ҈ϡ䩟ґ Eric Wong ҳϪ٤оϤӎϡ࠻ՆӛвϺϡӑѓ׏؎ϥϤϣঊϡ䦚цӊϣ

ϬࡄਡׄঈϱЛ䩟ҷϣϬ࿡౐؎ׄঈ׍ॸ֡Рϡ࠻Ն׏؎ѯϦэтϪ؃ԝࢹϽϡҞК

ՆϱЛ䩟Էцӊэ࠻ӎЗ֡Рϡطܬ؎ϤѿНЌϿоӮ䩟ґцӊњϱ࿡౐طܬ؎Ћڶ

тϪ؃်आ؎طܬϤϿоӮӛҶӸϡҞКϥԚцࢹୟϡ䦚ऴӊйϼϡЂ֚䩟јЙ٤о

ϦЋϤӎϡ࠻Նᔼ໹Ϥӎϡ੹Գ䩟Ԫґۨ৖ӡ֧Ҥ֚ϡކ৭ԛ䦚
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ԣ 2.2 ઑထࡄਡϡ࠻Ն࿡౐єୂ

mid(){ Ն఍Պ࠻

su
sp

ra
nk

int x, y, z, m; 3,3,5 1,2,3 3,2,1 5,5,5 5,3,4 2,1,3
1: read("Enter 3 numbers:",x,y,z); ! ! ! ! ! ! 0.5 7
2: m = z; ! ! ! ! ! ! 0.5 7
3: if(y < z) ! ! ! ! ! ! 0.5 7
4: if(x < y) ! ! ! ! 0.6 3
5: m=y; ! 0.0 13
6: else if(x < z) ! ! ! 0.7 2
7: m=y; //bug ! ! 0.8 1
8: else ! ! 0.0 13
9: if(x > y) ! ! 0.0 13

10: m=y; ! 0.0 13
11: else if(x > z) ! 0.0 13
12: m=x; 0.0 13
13: print("Middle number is :", m); ! ! ! ! ! ! 0.5 7

}

␌㗎㗁⟑㟜⥙㽔㜢ᱶ P P P P P F

Ϩױҏњ䩟ҍϩЪЄणঐϡӡ֧৔भҩ܏њ٤оϱ䩟ԝҒ O/Op[41]䩟Crosstab[110] ҳ䦚

ϤӎϡҤ֚Ёϥцϼӌϡ॔௅֏ڲڋԍܴՖҲϣԈۨࢗϱ٤ҙӡ֧ϡކ৭ԛ䩟ԔԷऴ

ӆڽЂЁϥϣ҈ϡ䩟ϸѦϤӐϣϣᦡ਎䦚Ϩ 2006 ё䩟Abreu ҳϪ[2] ֡РӥࡑԝࢹϦ҇ף

ಈѓϤӎڲڋԍܴϡऴӊࡄਡࠏഉϡઑထӡ֧Ҥ֚䩭Jaccard[16]䩟Tarantula䩟AMPLE[19]

ф Ochiai[2]䦚ӥֲࡑҝԣҴ Ochiai ԍܴϡϡԣѴ݌ҝҴࣸހӊԷјϡѧ҇ԍܴ䩟Jaccard
ϡ݌ҝϴހӊ Tarantula䩟AMPLE ԣѴ݌ҝзई䦚כ୐Ўϱ䩟ఱцϤӎϡ࣮۵䩟Ochiai
ԍܴϡӡ֧݌ҝԚԝӊ Jaccard (ҝҷԏϮ݌) Ϧڢ٤ 2.4%-10%䦚ӹױ䩟ϨзЈϡઑထ

Ҥ֚Ѕ䩟Ochiaiߒࢗ ԍܴЇҩܲጷٍѓ[59,115]䦚

֡РࡄਡϡࠏഉцࡄਡЅϡઑထՖҲӡ֧ϥ۵ӓҩ׏ѓзЋܲጷϡӡ֧Ҥ֚䩟Ї

ϥӥࡑЅҩڶЋϥзϮѓϡҤ֚䦚Է֍ӹҰϴدଭйЎҖѢ䩭(1) Р؀ߣࡄ䩟ڲڋҤ۬䩮

(2) цӊࢹϽϡ࣮۵ϤࡖϨϤНڲڋ՜֣䩟ЗҽэએфࡖദэએϤϽ䦚ॎѼҒױ䩟ऴ

ӊࡄਡࠏഉϡઑထӡ֧Ҥ֚࣊Ѽӌைаӡ֧ކ৭֏Ϥҙϡ՜֣䩟Ϩ࠻Նओϡ࠻ՆЌҨ

Ϥ߿ϡєୂЎ䩟ӡ֧ϡ݌ҝϿۘډب׶իϺؙড়䦚ӹױ䩟оѴϦϣԈԚԮϡ٩ހҤ֚䩟

ԝҒц࠻Ն៲ّՖҲ٤৞[119] (Purification)䩟֡Р֡۔٩ߣРϡ࠻Ն៲ّϱٕङԁоӮ

ϤԚԮϡࡄਡׄঈϡൢݾ䩮й֡ߵРҜॆѺܠথֲׁࡿϤӎϡڲڋԍܴϡӡֲ֧ҝ[118]

йт༯ϤӎҤ֚ϡހѢ䩮൬۠֡РӸՊࡄਡ؃ϡބᗢҞ֥[121] ϱۨ৖ѴϩҤ֚ϡކ৭

ԛҳҳ䦚

15



ҹڹ୳ૢТѺ֧ࡲϽѺѕߟܚ

2.1.1.2 ⫑㲂⍐㯖☨⛊㢭

Ը஬࠻Ն 1 (Mutation Testing) Ϩ઱խ࠻ՆЅҩҮ׶ѓϱ႗֝ϣϬ࠻Նओϡ࠻ՆЌ

Ҩ䩟ԷऴӆЂ֚фϼҹ٤ϺϡऴӊࡄਡࠏഉϡҤ֚णঐ䩟Ёϥ׏ѓ࠻Նओϡ࿡౐Ҟ֥䦚

цӊϣϬݥϩԝמࢹϡӮணഠݓЌҨϡ࠻ՆओϱЛ䩟ӾࡄਡЅϡࡆϬׄঈҩۨࢗҏњ䩟

࿡౐؎ࡄਡׄঈϡ࠻Ն៲ّϿӹЋҩڲڋطܬۨࢗϦӮணֲҝࣔঊ࠻Ն׹ਠ䦚

ऴӊ؎тѴ䩟Papadakis ф Le Traon[77,78] ٤оϦϣ҇ऴӊԸ஬ (Mutation-Based) ϡ

ઑထӡ֧Ҥ֚ Metallaxis-FL䦚؎Ҥ֚ϡऴӆޕ޳ϥ䩭цӊϣϬѯӡϡࡄਡ p ф࠻Նओ

T䩟ԗࡄਡЅϡطܬֺࡆԸ஬юϤӎϡ࣏ܴԪґԅЏԸ஬њϡࡄਡ p1 ф p2䩟࠻Նओ T

ц p1 ф p2 дԆ࠻ՆӛЏϺϡ࠻Նֲҝ׏؎ϥणঐϡ䦚࠻سՆࡄਡ p1 З䩟֡Рϡ࠻Ն

៲ّ䩟Ϩ࠻Ն p2 З׏؎ϩϽϡมଛ֡Р䩮цӊ֡۔Рϡ࠻Ն៲ّणঐ䦚؎ޕ޳ϡ࣊ࣝ

ϥцӊҟֺطܬϱЛ䩟ؽҲ؎طܬϡ࠻Նϥ৭ӡϡ䩟цӊЬϩ࿡౐ҩԸ஬طܬϡ࠻Ն

៲ّϱЛ䩟Ϩࡄਡ p1 ф p2 ЅϡԣѴ׏؎ϥԟҪϣ҈ϡ䩟ЁЌ֡Р࠻Ն䦚ґцӊ࿡౐ҩ

Ը஬طܬϡ࠻Ն៲ّϱЛ䩟ۥӊϤӎϡԸ஬ЁϥԗԜ৭ϡۨطܬюϦӮணϡطܬ䩟Ϩ

ԑЂєୂЎϸԈ࠻ՆϨ p1 ф p2 Ѕ׏؎ЁϤЌ֡Р࠻Ն䦚ґϨӥᒃЅ䩟࠻ٍسՆओ T

Ϩࡄਡ p1 ф p2 ϼϡֲҝϤԟҪϣ҈䩟јЙࡢ؎׏ϩЪҙϡԚঐԛ䦚ӛй䩟ϨڹҹЅ٤

оϦϣٍ҇ѓӔҌԸ஬ϱԐ۔࠻ҌоӮ֧ঞϡҤ֚ӥѴҙ݌ӡ֧ ҌϡӮணҩ؇Ћ۔)

ҩԸ஬ϡࡄਡ)䦚णঐϡ䩟Ϩ॔طܬڲڋ௅֏ߚЗٍѓϦ Ochiai[2] ԍܴ䦚

䩟Moon֔ױ ҳϪ[72] ӊ 2014 ё٤оࡔϣ҇ऴӊԸ஬ϡઑထӡ֧Ҥ֚ MUSE䦚Էऴ

ӆڽЂϥҒҝԸ஬ϡطܬӅϮϥӮணϡطܬ䩟ъА֍ӆ֡۔Рϡ࠻Ն៲ّԸю֡Рϡ

НЌԛϿԝԸ஬Ϧ֍ӆԜ৭ϡطܬϽ䩟ґцӊ֍ӆ֡Рϡ࠻ՆϸϬֲڹӅϮԚބ䦚ӹ

ҌӮணՖҲӡ֧䩟ण۔ਡЅϡࡄՆֲҝϡԸ٩єୂϱц࠻ਡယՊԸ஬ӓњࡄ䩟࣠ࣝױ

ঐϡ٤оϦϣϬЈϡԍܴ䩭

µ(s) = 1
|mut(s)|

∑
m∈mut(s)

( | fP(s) ∩ pm |
| fP |

− α · |pP(s) ∩ fm |
|pP |

)

ԷЅ mut(s) ЋӛϩϡԸ஬ڲж䩟 fP(s) Ћ࿡౐طܬ s Ն៲ّओ䩟pP(s)࠻Рϡ֡۔ॸ׍
Ћ࿡౐طܬ s Ն៲ّओ䩟pm࠻ॸ֡Рϡ׍ ф fm дԆЋ׏ѓԸ஬ڲж m њ֡Рф֡۔

Рϡ࠻Ն៲ّओׁ䩟α ϥН݆ϡّڍ׶䦚࣠ࣝԍܴНйЃоԷЅϡӓחٻдڲڋϦϨ

طܬ s ϼ׏ѓԸ஬ڲж m ҏњ䩟Ԫ֡۔РԸю֡Рϡ࠻Նّ֝ϡԜԚԮԝຎ䩟ґњٻ

䩟؎Ҥ֚НйϨϣ࢙ࡑࡑՆϡ૎ԚԮԝຎ䦚֡Рӥ࠻Рϡ֡۔ϦԪ֡РԸюڲڋдח

ӡࡄ֏ϼۨ৖ऴӊࡄਡࠏഉϡઑထӡ֧Ҥ֚ϡކ৭ԛ䦚

д໯ϼӌϡҖ҇ऴӊԸ஬ϡઑထӡ֧Ҥ֚тѴ䩟֡Р৉ՊԸ஬ڲжНйԅЏѸழ

1 https://en.wikipedia.org/wiki/Mutation_testing
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ࣥϡԸ஬ࡄਡ䩟֡ РӮணڷڊҏҽϡԚঐԛНйࡾݨѸކ৭ӡ֧ࡄਡЅϡӮணڷڊ䦚Ԕ

ӎЗؑϴڀҺ䩟ٍѓऴӊԸ஬ϡӡ֧Ҥ֚Ϩ࣮۵ԝࢹϽϡّࣝओϼϿҶӸӡ֧ϡЗҽ

эએ䩟ॎѼ Papadakis ф Le Traon Ϩᇓࣁϡ׈ᑂڹҹ[78] Ѕц Metallaxis-FL ϨࢹϽ࣮۵

ϼ Ҳّڷڊ) <1.5w) ϡ݌ҝЇ҂Ϧ࢙ࡑ䩟ԔԚԝӊѐӥԿ࢓ЎϡϽ੻থ࣮۵ Ҳڷڊ)

ّ >10w) Хϩயڒ䩟ӹױϨ۵ӓϡІ҃٩ઑထߒࢗҤ֚ЅٍѓԚцࢹվ䦚ӎЗцӊӌ

жϤЌЪϮϡথሶڲϨϡЪЄઑထٍѓѴϩϡԸ஬ࡖ䩟ߞܬࡄϡ൜ࢣцז (ԝҒ Object
णࡿ) ЇٍЏ؎णҤ֚իϺϣӡϡءऎ䦚

2.1.1.3 ⫑㲂⒴㩠㎐㊮☨⛊㢭

णঐӊऴӊࡄਡࠏഉϡӡ֧Ҥ֚䩟ऴӊࡄਡܷә (Program Slicing) ϡӡ֧ӎ҈ϥߎ

ഒࡄਡطܬϡ࿡౐єୂ䦚Ѽґ䩟ԁࢅتϡऴӊࡄਡࠏഉϡӡ֧Ҥ֚ϡϤӎѢϥऴӊࡄ

ਡܷәϡӡ֧Ҥ֚ӛ࣊༌ϡ䦧ࠏഉ䦨׍Ϥϥ঎঎࣠ࣝࡄਡ (Ն࠻) ௬Ҳϡ࿡౐৭ӡϡ䩟ґ

ϥӎЗֲׁࡄਡЅԸ֝ߚϡና௄Ԯڍӛ৭ӡϡࡄਡׄঈϡ࿡౐єୂ䦚؀ߣЛ䩟ऴӊ҃

Նϡ఍Պ࠻Р֡۔ਡܷәϡӡ֧Ҥ֚Ͽ࣠ࣝࡄݮ (ҝֲڈ) ϱԜז (זބڈ) ৪Ꮘҩ఍Պ

ড়ؙߚ (ߚড়఍оؙڈ) ϡطܬ䩟ϸԈطܬҥѐԜϿؙড়࠻Ն௬Ҳϡзֲټҝ䦚ӹױ䩟Ԛ

ԝӊऴӆϡऴӊࡄਡࠏഉϡӡ֧Ҥ֚䩟؎Ҥ֚НйՖϣ܌ჭЩԃשоӮ֧ঞϡഎ౱׺

ҽ䦚

ਡܷәзՉϨࡄ 1981 ёۥ Weiser ٤о[103]䩟ԷҹЅҰϴцࡄਡܷәϡڲڋҤ֚Ֆ

Ҳ୳ૢ䩟ܷݮݔә৔भђ࣊༌ӊцࡄਡϡڷڊݮݔՖҲд໯䩟Ϥؑϴ௬Ҳц׏ϡࡄਡ䦚

؎Ҥ֚ӌைߒڲڋ૜֏ҙфܷәϤؘ৭ϡઑѢ䦚1988 ёۥ Korel ф Laski[49] ٤оϦϣ

ܬਡ௬ҲԚԮϡࡄϣҋࡆՄϡࡢਡЅфࡄϦ߈خәЅђܷݮਡܷә৔भ䩟҃ࡄݮ҃҇

ਡܷәϡ੻থ䩟ӎЗԅЏϡֲҝѸӸؘ৭䦚ٍࡄਡܷәНйϽϽँվࡄݮݔ䩟Ԛԝӊط

Џࡄਡܷә৔भЏϺѸӸܲጷϡ׏ѓ䦚

Zhang ҳϪ[128] Ϩ 2006 ё٤оϦϣ҇֡Рцࡄਡϡܷ҃ݮәՖҲයብϡҤ֚цࡄ

ਡЅϡઑထՖҲӡ֧䦚؎Ҥ֚֡РഎओࡄਡϡؽҲЗҞ֥цܷ҃ݮәϡֲҝ҂Ֆϣ܌

ϡᣩש䦚؎Ҥ֚۰܏ԗࡄਡЅϡطܬдюϦѧण䩭(1) ђҩ֡۔Рϡ࠻Ն௬Ҳϡطܬओ

ׁ F䩟(2) ђҩ֡Рϡ࠻Ն௬Ҳϡطܬओׁ S䩟(3) ҩ֡Рф֡۔Рϡ࠻ՆЁ௬ҲϺϡܬ

ओׁط FS䦚בЎϱ֡Рࡄਡܷ҃ݮә৔भԅԼϺ֍״ϡࡄਡܷә (ّࣝ࣊༌фସ࣊ء

༌) Q䦚ԷЅओׁ S ЅϡطܬНйבׯ࿋ङ䩟ӹЋԷЅϡطܬц֡۔Рϡ࠻ՆЬϩؙড়䩮

ओׁ F фओׁ Q ϡےओҪ߈خח䩟؎חдطܬђҩ֡۔Рϡ࠻Ն௬ҲР䩟ӹࡢױϩз

ϽϡоӮมଛ (णঐӊऴӊࡄਡࠏഉϡӡ֧Ҥ֚)䩮зњϥԗ֡۔Р࠻Նф֡Р࠻ՆЁ

௬ҲРϡطܬӑЋԃשϡطܬ (FS ∩Q − F ∩Q)䦚зњ֡Рڷڊݮݔд໯цܷәЅϡϤ

ӎطܬՖҲРᎸ䦚؎ҤНйЪϽࡄ֏ϼჭЩԃשоӮطܬϡّ֝ (ჭЩ 1.79-190.57 හ)䩟
Нйϩँ݌ЩԃשӮண֧ڷڊঞ׺ҽϽЩ䦚
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ҹ࢑ݚҳϪ[136] ٤оϦϣ҇ऴӊৢҋܷәഉϡӮணӡ֧৔भ䩟࣠ࣝӌזцࢣ Java
ਡཱྀৢՖҲܷә䩟ࡄҋцৢطܬҋ䦙णৢҋ䦙Ҥ֚ৢҋϺৢدԛ䩟Ԫئϡৢҋֲพߞܬ

ॸԪ๬ཇ֏Ϻ࢛ཇ֏ཱྀৢڲڋоӮ॔௅֏ԝࢹϽϡцࡄ׏ਡֲพ ࣝ࣠׍䩟(䦙णҳد)

ЏϺϡֲҝцоӮมଛԝࢹҙϡࡄਡֲҝՖϣ٩࢛܌䦚ࠍسϣৢҋϡܷә࣊༌ҙϣৢ

ҋϡӡֲ֧ҝ䦚ԝҒӾӓЏϺ A णоӮϡมଛзϽ䩟בЎϱ঎ߎഒ A णֵϡӛϩ៲ّ

ґٕоԷјणЅϡ៲ّ䩟ԪґઁࠍϦࡄਡܷәϡэએ䦚ӹױ䩟؎РࡄϥϣϬϤआ٩ހ

ϡРࡄ䩟ӥֲࡑҝԣҴ؎Ҥ֚Нйڢ٤ӡ֧ϡ݌ଛ䦚

䩟Soremekuno֔ױ ҳϪ[91] ֡Рӥ࢙ࡑҴࡄਡܷә৔भϨӡ֧৔भЅࡢϩԳϴϡ

ᔅࡾӑѓ䩟цӊ٤ҙѴϩ৔भϡӡ֧ކ৭ԛϩЪϮϡ඄Ֆӑѓ䦚

2.1.2 ⫑㲂⒴㩠㽔㜢☨⛊㢭

Ϩҏӓϡऴӊࡄਡࠏഉϡӡ֧Ҥ֚Ѕ䩟ӛٍѓϺϡҰϴҞ֥ϥ࠻Ն៲ّц࠻ۉՆ

Ԉ୙ӑࣔঊϣԈϤࡆਡЅϡࡄϥӹЋ׶ਡЅϡӮண֡ࡄ࿡౐Ҟ֥䦚Ѽґ䩟ڷڊਡϡࡄ

ߚϡ॒ࢲӾӓ߿ٶ (ݮਡ૮ࡄ) ϡоѴ䩟৉вࡄਡᅩჱֲڲڋٷڈҝоӮ (Ғцnull܋ఱ

䩟ݮЎϡׁ֚૮॒ࢲӡئਡϨࡄҤܴӡॶ҇ࡆ䩟ϸ҇֡Рױਡᅩჱ)䦚ӹࡄ৉ѓࣔঊث

Ѽњ֡Р်आ֡۔Р࠻Ն៲ّϨϤӎ॒ࢲ (ԝҒϤӎ៲ّ) Ѕϡ૮ݮϥਦԁׁ֚૮ݮᆉ

ᅌϱӡ֧ࡄਡϡоӮ֧ঞ࣏юϦऴӊࡄਡ૮ݮϡӡ֧Ҥ֚䦚ӆҹԗऴӊ૮ݮϡӡ֧Ҥ

֚ҰϴдЋйЎٚ҇णࡿ䩭ڋࢅԛ݆Ն䦙஼୫׆ࢬ䦙ϳٍ݆Ն䦙ई஬٩݆ՆфϤԸ֝

ᅝᜨ䦚

2.1.2.1 㟧⭜㩂♛㗎

ԛ݆Նڋࢅ (Statistical Debugging) зՉϥۥ Liblit ҳϪ[55] ٤оϱѓӊࡄਡ૮ݮϡ

ҏ׶тѴ஬ߵй׶ϥਦԜݮҲ૮ؽਡϡࡄ࠻ഠࡄ׾этϪ؃ࡾϥᔅࡣಈ҈䩟Է۵ࡄ׾

њࡾݨэтϪ؃ӡ֧ઑထϡ֧ঞ䦚؎Ҥ֚֡РϨࡄਡڷڊЅڀՊϣԈবӡॶϡ஼୫ϱ

ഠࡄݓਡϡ௬Ҳ૮ݮ䦚Ԛԝӊҏӓೀཾϡઑထӡ֧Ҥ֚䩟Է఍оϡֲҝϥবӡॶ஼୫

ԁӾӓઑထϡԮࡄ઼ܷ࠾֏䩟ґ׍ϤϥࡄਡׄঈϡоӮมଛ䦚ԝҒ Liblit ҳϪ[56] ٤оϱ

ϡ֡Рڲڋ஼୫ҩ֡Р࠻Նф֡۔Р࠻Նϡ࿡౐єୂϱ႗֝Ϥӎ஼୫ϡԳϴࡄ֏䦚Է

ऴӆڽЂфऴӊࡄਡࠏഉϡӡ֧Ҥ֚णঐ䩭ҩѸЄϡ֡۔Р࠻Ն࿡౐जԷԳϴࡄ֏ք

ҙ䦚Ԛބϡ䩟ҩքЄϡ֡Рϡ࠻Ն࿡౐Էц׏ϡԳϴࡄ֏Ͽઁࠍ䦚ऴӊڋࢅԛ݆Նϡ

٩䦚ހ܌Ђ䩟ЪЄњ۟֞ӑцԷՖϣڽ

Liu ҳϪ[14,57] цࢅتϡ஼୫࿡౐Ҥ֚ՖҲϦѸ࢛ཇ֏ϡڋࢅ䦚Ϩϼ਎ೀཾϡࢅت

Ҥ֚Ѕ䩟஼୫ϡ࿡౐єୂҩ֭࠹Ћ޿঒Ը֝䩟ґЬϩߎഒԷҩ࿡౐ϡࡢՄҋّ䦚цױ䩟

Liu ҳϪ٤оϦϣϬЈϡϡڲڋԍܴ Sober䩟؎ԍܴ֡РдԆڲڋ஼୫Ϩ֡Р࠻Նф۔

֡Р࠻ՆϡؽҲЅϡ࿡౐ (޿Ћд܇Մࡢ) єୂ䩟ѼњцԝϨҖ҇єୂЎϡд޿ई஬ڋ
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ױ䩟ӹ޿дݮ૮ڲڋ߹ݼՆдԆ࠻Р֡۔Նф࠻ӊ؎Ҥ֚ц֡Рۥ஼୫ϡԳϴԛ䦚ڲ

НйϨϣӡࡄ֏ϼઁۥࠍӊҖ҇࠻Ն࿡౐֧ঞϤӎࣔঊϡӡ֧Ϥކ䦚

Jiang ф Su[39] ٤оԗϤӎϡ૮ݮ஼୫ՖҲుण䩟Ѽњ࣠ࣝుणњϡ஼୫พࡢ߃ϩ

Н௅֏ϡସءԵբዓ䦚ԷࡢՄРࡄϥ࣠ࣝࡄਡؽҲЗഎओϺϡ஼୫࿡౐Ҟ֥ц஼୫Ֆ

Ҳుण䩟࣠ࣝుणҏњϡֲҝйߵҟϬ஼୫ϡ࿡౐єୂϨࡄਡϡସءԵ֘ϼৄڝࣄѢ

ԅЏНЌоӮϡସءԵբዓ䩟ٍЏ؎բዓНй࿡౐ϣϬणԆЅϡϤӎ஼୫֧ঞ䦚؎Ҥ

֚ԗ஼୫ф௬ҲբዓԚԮ࠾ӥѴઑထڷڊϡӡ֧䦚णঐϡ䩟Zheng ҳϪ[129] ಈѓےૠܴ

ϡుणҤ֚ц૮ݮ஼୫ՖҲుण䩟Ѽњ࣠ࣝЄण஼୫Нйӡ֧оࡄਡЅࡖϨϡЄ؝ઑ

ထ䦚Chilimbi ҳϪ[17] ӎ҈ֲׁϦ஼୫ϡ૮ݮйߵ௬ҲբዓҞ֥䩟ӎЗХֲׁઑထݍۏ

ϡֵبᔅࡾӡ֧ڷڊӮண䩟Ԕ؎Р࣊ࡄ༌ӊࡄਡэтϪ؃ϡےૠ䦚

䩟ݮਡϡ௬Ҳ૮ࡄݓՆϱഠ࠻ҲؽߵਡՖҲ๭ᤋйࡄԛ݆ՆҤ֚ؑϴцڋࢅӊۥ

Ӿ๭ᤋ஼୫ّ֝ԝࢹϽϡєୂЎ䩟ؽҲЗҽэએϿҶӸ䦚Zuo ҳϪ[133] ٤оϦд܌๭ᤋ

ϡҤܴцԷՖҲӸݬ䦚ԷऴӆڽЂϥцࡄਡՖҲϤӎϡཇ֏ਢд䩟Ԫ๬ཇ֏Ϻ࢛ཇ֏

ՖҲطܬϡ៲ّٛԆ๭ᤋ䩟ѼњӐцԳϴ៲ֵّϡڷڊϨ܏٩๭ᤋ䦚ԝҒؘڊᬂ܌ཱྀ

๭ᤋ䦚؎Ҥ֚Нйϩࡄࠍઁ݌ਡϡ௬Ҳэએ䦚ԁױϤӎ䩟Misherghi ф Su[70] ٤оц࠻Ն

ϡ఍ՊՖҲཱྀߣ٩܌йڢ٤ӡ֧ϡކ৭ԛ䩟؎Ҥֲׁ֚Ϧई஬٩݆ՆϡҤ֚ (ԋЎҹ)䩟
ӹױЇիϺई஬٩݆ՆҤ֚ϡ঵ࡳ䩭سϴؒ࠻Ն఍Պϥֲพ٩ϡّࣝйҤ۬ߣ٩୙ӑ䦚

2.1.2.2 㢯╰➍㽊

஼୫׆ࢬ (Predicate Switching) ϥ 2006 ёۥ Zhang ҳϪ[127] ٤оϱϡϣ҇ఱцֺխ

Ӯணϡҙ݌ӡ֧Ҥ֚䩟سӛц׏ϡઑထ֧ڷڊঞؑϴҶӸЈֺխٷڈ࿋ङ䦙ۨࢗѴϩ

ֺխ䦚؎Ҥ֚֡Рࡄ׆ࢬਡЅϡֺխطܬԼߚ䩟ѼњؽҲ࠻Նϱቫԅ؎ֺխطܬц۔

֡Рϡ࠻ՆϥਦࡖϨؙড়䩟Ԫґ်आ؎ֺխطܬϥਦоӮ䦚Էӡ֧Рࡄϥ䩭(1) Ӯװݓ

ணϡߚ䩭ؽҲ֡۔Рϡ࠻ՆװϺࣔঊࡄਡᅩჱϡߚзՉоѴϡ֧ঞ䩮(2) ׆ࢬϺؑϴװ

ϡ஼୫䩭ӐҋؽҲ࠻Ն䩟֭ؽ࠹ҲРϡӛϩдطܬݒओׁ PT (ҟϬ៲ّՊטҩڶЋϥ

ϣϬдݒ) йؽߵҲϡॅਡ䩮(3) ϺԮඡ஼୫䩭цӊװ PT ЅϡҟϬ஼୫䩟࣠ࣝԷؽҲॅ

ਡϡࡒਡཱྀϬ׆ࢬ஼୫䩟ѼњؽҲ࠻Ն䩟װϺНйٍ֡۔Р࠻Ն֡Рϡ஼୫׆ࢬ䩟ज

ЏϺϡц׏஼୫سоӮϡֺխ֧طܬঞ䦚Է׆ࢬϡРܾࡄҺ֘Ғ֘2.1ӛܾ䩭Ԫ௬Ҳբ

ዓЅϡ஼୫ਡ࠶ Pm...P1 Ѕ䩟࣊ҋ׆ࢬ஼୫䩟ׯϺ఍оԜ৭ϡֲҝ Ocorrect䦚

дઑထНйϨחի䩟ϽבଛНй݌Ѕ؎Ҥ֚ӡ֧ࡑϨӥ܉ߊ 1 дֵވӥѴӡֲ֧

ҝ఍о䦚Ѽґ䩟࣠ ࣝϼӌϡ֚ڲЏϺϡֲҝϨࡆԈणࡿӮணϼϡӡ֧݌ҝϿۘ׶ई䦚֍

ӹϥࡄਡЅϡࡆԈӮணॎѼ֡Рֺ׆ࢬխНйٍ࠻Ն֡Р䩟ԔѐԜоӮϡطܬϤϣӡ

ϲϥӾӓϡֺխطܬ䦚ӹױ䩟Ϩϼ਎Рࡄҏњ؎Ҥ֚֡׶Ͽֲׁࡄਡܷә৔भцࡄਡ

ЅНЌоӮϡطܬՖϣ܌ӡ֧䦚Ԕ؎Ҥ֚Ұϴҩ׏ѓϺϣԈ؀ߣϡ஼୫ֲพϼ䩟ԝҒ

19



ҹڹ୳ૢТѺ֧ࡲϽѺѕߟܚ

֘ 2.1 ஼୫ܾ׆ࢬҺ֘

ф֝׶ԝࢹҳ䦚2007 ё䩟Nainar ҳϪ[4] ٤оϦϣ҇۱ѓѧߚᔓপфࡄਡϡֲݮݔพԗ

؎Ҥ֚Ԫ؀ߣ஼୫ֲพᇓࣁϺϦߒ૜ϡ஼୫ֲพϼ䩟ۨ৖Ϧ؎Ҥ֚ϡٍѓߚ٣䦚܉ߊ

Ғױ䩟؎Ҥ֚Ұϴҩ׏ѓϨֺխطܬӮணϡӡ֧ϼ䦚Ϩ֡ѓϡઑထӡ֧Ѕ݌ҝ࣊ѼϤ

ԑЂ䦚ޢ

2.1.2.3 㝢㖳♛㗎

ϳٍ݆Ն (Angelic Debugging) ৔भϥ 2011 ёۥ Chandra ҳϪ[13] ٤о䦚؎Ҥ֚ђ

ఱцࡄਡЅϡѴϩࡖطܬϨӮணϡєୂ䩟׍ॸоӮϡطܬђЌϩϣ؝䦚ਦज؎Ҥ֚ϡ

ӡ֧݌ҝϿЪई䦚؎Ҥ֚ϡҰϴЂ֚фϼӌೀཾϡ஼୫׆ࢬणঐ䩟ϤӎѢϨӊ؝ױН

йٍѓڗҺϡߚ֝׶༗ڗ޼Һϡࡄਡׄঈ䩟ґ஼୫׆ࢬђఱц޿঒णࡿϡֺխԣܼܴ䦚

࠻ҏӓϤЌ֡РϡٍߚਡЅϡԣܼܴϡࡄ޼ϱ༗֝׶䩟؎Ҥ֚֡Р൪Նٍѓ܇Մϱࡢ

ՆНйԜ֡׶Р䦚ҒҝНйװϺϸ҈ϡϣϬ֝׶༗޼ԣܼܴ䩟जц׏ϡԣܼܴسНЌ

ϥоӮϡ֧ڷڊঞ䦚

ڊ༌ላً௬Ҳ৔भϱؒԼ䩟ࣔঊ࣊ࡄР޼༗ߚЅϡࡄҲРؽਡࡄӊ؎Ҥ֚Ϩцۥ

༌ӊϪ֞ҳҤܴ٤ӓਢӡϣ࣊׶ѓЅ䩟֡׏䩟Ϩӥকϡױϡ੻থϣડϤЌѿϽ䦚ӹڷ

ϬН௅ϡϩࡳ౒ࣻ䩟Ѽњц؎౒ֵࣻϡӛϩطܬՖҲཱྀϣᣩש䦚ױРࡄЅಈѓϦիସ

ϡላً௬Ҳ৔भ䩟سϨ׏ѓላً௬ҲϡРࡄЅђԗשЅϡطܬѓላًڊߚ༗䩟Էјϡ

֧ঞ࣊ѼٍѓࡄਡؽҲϡѐӥߚ䦚ԝҒ֘2.2ܾࣁϡϥϣϬላً௬ҲϡԟݱРࡄ䩟֘Ѕ

ਅᄬϡڷڊϥࡖϨӮணϡࡄਡ䩟ԷЅϡҷ 2 ϥ䦧sgn=1䦨䦚؎׏оӮ䩟Ԝ৭ϡԣܼܴطܬֺ

Ϩ֘Ѕϡላً௬ҲஔЅ䩟ላً௬ҲϡРࡄЅϿ֭࠹ҟֺдݒϡֺխйߵӾӓӛᇎ

䩟طܬԗϴ௬Ҳϡسԣڊϼϡ൜ً׷ѢϡڝҖϬבۂ䦚Ϩላً௬ҲஔЅߚՄࡢԸ֝ϡߵ

ґц׏ϡҖϬڝѢдԆϥ௬Ҳцطܬ׏ӓњϡࡄਡ૮ݮ䦚ϼ֘Ѕϡ௬Ҳஔఱцϡϥܬ

ط 1䩟ӹױԗԸ֝x༗޼юϦላًԸ֝ X䩟ϨՖҲطܬ 1 ϡֺխ်आЗ䩟ۥӊ X ϥϣϬ
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֘ 2.2 ϡላً௬Ҳஔ׏цߵڷڊਡ੅ࡄ

ላًԸ֝䩟ӹױцԷӛϩϡНЌԼߚՖҲ൪Ն (X > 0 ٷڈ X <= 0)䦚ґϨؽҲԷјϡ

طܬ طܬۘ) 1) З䩟Ը֝x࣊ѼٍѓԷѐӥϡࡢՄߚ䦚Ғ௬ҲஔзਅᄬϡౘжڝѢЅԸ

֝xϡߚЋ 1 ґۘ۔Ҍ䦚ϸ҇Ҥ֚НйЏϺࡄਡϡӛϩؽҲ૮ݮ䦚зњϨϸԈ૮ݮЅװ

ϺНйҩ߿ٶϡࡄਡ૮ݮ (Ғ֘Ѕϡ䦧normal termination䦨)䩟Էц׏ϡላًԸ֝ X ϡԼ

䩟जӾݮਡ૮ࡄϡ߿ٶϺҩװϡ䩟ҒҝϤЌބਡϡऎଚֺխ䦚Ԛࡄ؎ߒࢗϦ׏जцߚ

ӓӛ༗޼ϡԣܼܴҩڶЋϥԜ৭ϡԣܼܴ䦚֔ױ䩟؎Ҥ֚Ϥ঎ϨࢹϽ੻থϡࡄਡϼࡖ

Ϩ݌ଛ՜֣䩟؎Ҥ֚իላً௬Ҳ৔भϡءࡳ䩟ϤЌ؝ԑّॵЎࡣԸ֝ҳ䦚

ᆨϼ䩟؎Ҥ֚цӊ؝ԑ؀ߣϡࡄਡઑထڲڋߚّٷڈणϡطܬӮண݌ҝԝࢹҴࣸ䦚

Ԕϥцӊߒ૜ϡࡄਡ䩟ۥӊիϺҤ֚фላً௬Ҳ৔भϡءࡳϤЌЏϺЪϮϡ׏ѓ䦚ӥ

কϼ䩟Ϩ 2008 ё Jeffrey ҳϪ[36] ϲӔҮಈѓϦणঐϡӡ֧ڽЂ䩟ԔϥјЙఱцࡄਡׄ

ঈߚϡ༗ח޼дಈѓϦϤӎϡ؝ԑҤ֚䩟֡РഎओϤӎ࠻ՆϨؽҲϡРࡄЅࡄਡϡ૮

ϥطܬϱ်आӾӓϡ޼ՖҲ༗ݮՆϡ૮࠻ѓԷٍؚݮԈ૮ࡆՆϡ࠻Р֡۔䩟Ѽњԗݮ

ਦНЌࡖϨӮண䦚Ԛԝӊ࣊༌ላً௬ҲϡҤ֚޸ѓԛѸמ䦚ԔԷц࠻Նओϡ࣊༌Ѹמ䩟

ࣔঊϩԈ૮ݮНЌ֡РѴϩϡ࠻ՆّࣝԅԼϤϺ䩟ࣔঊѸϽϡϤ৭ӡԛ䦚

2.1.2.4 ␘㯖⪇♛㗎

ई஬٩݆Ն (Delta Debugging) зՉϥۥ Zeller ф Hildebrandt[126] ٤оϱѓӊ٩ߣ

ӡॶϮ܏ѓব׏Ն఍ՊّࣝϤआϡ࠻ਠϡ׹Ն࠻Նϡ఍Պ䦚ԷऴӆϡЂ֚ϥц࠻ਠ׹

ϡۨࢗ δ (ԝҒ δЋц࠻Ն఍Պҟҋ࿋ङϣϬܒላ䩟؎Ҥ֚֡޸׶ѓӊ఍ՊّࣝЋܒላ

၌णࡿ)䩟ѼњϤआϡ׏ѓϣ࠶ڍϡۨࢗ δ1...δn ЏϺЈϡ࠻Ն఍Պ׍ԳЈؽҲۨࢗҏњ

ϡ࠻Ն䩟ׯϺӾӓϡ࠻Ն఍ՊНйࣔঊࡄਡоӮ׍ॸϤЌՖϣ٩ߣ܌䦚

2002 ё䩟Zellers[125] ԗ؎Ҥ֚׏ѓϺઑထӡ֧ϼ䦚ԷࡢՄРࡄϥ۰܏ಈѓई஬٩

݆Ն৔भԗ׹ਠϡ࠻Ն఍Պ٩ߣϺзЩ䦚ϨױРࡄЅ䩟НйװϺࣔঊࡄਡ࠻Ն׹ਠϡ

зЩ఍Պई஬䦚ѼњӎЗؽҲدଭϸϬзЩई஬ϡҖϬ࠻Ն䩟цҖϬ࠻ՆࡄਡϡؽҲ
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Ѕҽ૮ݮдԆಈ҈ (Ϩࢅϣಈ҈Ѣ)䦚ԝࢹҖϬ࠻ՆϨಈ҈Ѣ؝ϡֵࡖ૮ݮई஬ (Ըّ֝

֝䦙Ը֝Լߚҳ)䩟дԆԗԷц׏ϡֵࡖ૮ྱݮथЋϣϬֵࡖ૮֘ݮ䩟Ѽњٍѓई஬٩

݆ՆҤ֚Ϥआ֡ۨࢗРϡ࠻Նϡֵࡖ૮ݮ䩟װϺзЩϡֵࡖ૮ۨݮԸٍЏ֡Рϡ࠻Ն

ԸюϤЌ֡Р䦚Է఍оϥѯࡄਡ؃٤పࡄਡؽҲϡ૮ݮई஬䩟зњؑϴ࣊༌ࡄਡ؃်

आӾӓϡֵࡖЅᅲѴц׏૮ݮϥਦላׁϴؒ䩟Ғҝϥ֚ۘ૮ݮजНйӡ֧Ϻ؎૮ݘݮ

Тϡ֧ঞسЋࡄਡоӮϡ֧ঞ䦚

؎Ҥ֚֡ѓԛЪמ䩟ԷಚКڽЂϥ֡РϤआсзЩ٩ई஬ϱჭЩ۵ࡣഎ౱׺ҽ䦚ױ

њ䩟Burger ф Zeller[11] Ֆϣ܌ԗԷԁࡄਡܷәԚֲׁϱँվ֡۔Р࠻ՆؽҲРࡄЅϡ

Ѫѓ៲ّ݆ѓ䦚ϨԷӥࡑЅ䩟ϣϬᇎߵ 1 ݚ 4 ࡛ЄϬ៲ّ݆ѓϡ࠻Նҩ٩ߣю 2 Ϭ៲

ّ݆ѓ䩟ӎ҈ݘТԚӎϡӮண䦚؎Ҥ֚Нйϩँ݌վࡄਡ؃цоӮ֧ঞϡٕݓ䦚Ԕϥ

Ͻ䩟ӎЗӹЋϨ݆ࢹЗҽэએϿԝױ䩟ӹࢹϼϡԝ֘ݮ૮ࡖֵߵӊᇎۥϨϡ՜֣ϥࡖ

ՆϡРࡄЅᇎߵϺцֵࡖ૮ݮϡۨࢗҳ䩟ӥѴߒ૜ॸؑϴϩ֞فݒࡢ䦚ࡔϣҤӌ䩟ۥ

ӊԷ఍оϡֲҝ࣊༌ࡄਡ؃цԷՖҲᣩשф်आ䩟ϨӾӓϡІ҃٩ઑထߒࢗҤ֚ЅХ

ԡйЏϺ׏ѓ䦚

2.1.2.5 ⏥⍐⼋㠎ⴄ

୳ૢтѴ䩟ϨࡄਡЅϿࡖϨϣԈ៲ّڷڊڈәݫ䩟Է఍Պϡّࣝф఍оϡّࣝϥ

ϡ䦚ԝҒцӊϣϬϴؒ఍ՊЩЗڍϤԸ֝Ԯ҇ࡆ߿ٶ (Зҽ) ϡ៲ّ䩟Է఍Պϡّࣝ֡

Щӊ؎׏׶ 24䩟Ғҝ఍ՊϡّࣝϽӊ 24䩟जࡄਡϿоӮ䦚ӐԝҒцӊϣϬڲڋङ֚ϡ

៲ّ䩟Է఍Պϡङّ׏؎ϤЋ 0䦚֡ РϤԸ֝ᅝᜨцࡄਡЅϡӮணՖҲӡ֧ϲϥ۱ѓϦ

ϼӌϡࡄਡئԛ䦚۰֡܏Рবӡॶ஼୫[6] ᅝᜨ[80]ّࣝٷڈ ϡҤ֚ԅЏࡄਡЅϡϤԸ֝

Ԯڍ䩟Ѽњ֡Р֡۔Р࠻ՆϨц֧׏ঞϡѐӥߚԁϤԸ֝ԮڍϡԝࢹϱჭЩԃڷڊש

֧ঞ׺ҽ䦚Ѽґ䩟؀৞с࣊༌ϤԸ֝Ҟ֥䩟ࡖϨࢹϽϡϤ৭ӡԛ䦚ϣҤӌϥ׍Ϥϥӛ

ϩϡઑထ֧ڷڊঞЁЌтѴϤԸ֝ϡࡖϨ䦚ࡔϣҤӌ䩟ϤԸ֝Ԯڍϡϱ੅࣊༌࠻Նϡ

࿡౐ڋࢅٷڈҞ֥䩟Էކ৭ԛϤЌЏϺϩ݌ϡ࢙خ䦚

B. Le ҳϪ[6] ٤оϦֲׁࡄਡЅϡϤԸ֝Ԯڍфࡄਡࠏഉӡֲ֧ҝϡϣ҇ऴӊٕ

ਡѺܠথࡿ (Learning to Rank) ϡઑထ֧ঞٕਡҤ֚ Savant䦚Savant ҰϴдЋ܌ף䩭ᅝ

ᜨϤԸ֝䦙ऴӊࡄਡࠏഉӡ֧䦙ׁ࠾ਖ୞থࡿ䦙ઑထӡ֧䦚ࡢՄϱ܇䩭ᅝᜨϤԸ֝ϥ܋

֡Р׏ѓ Daikon[21] ഉӡ֧ϨϼҹЅࠏਡࡄ䩮ऴӊڍՆЅϡϤԸ֝Ԯ࠻ᅝᜨ֡Рϡࡢ֞

ӔҮೀཾ䩟ԷЅ䩟Savant ಈѓϦЄ҇Ϥӎڲڋԍܴϡӡֲ֧ҝ䩮зњϡਖ୞фӡ֧Р

ѓԷцԃ׍ࡿ෥ԣܾ࣏ܴ䩟ਖ୞ϣϬٕਡথئЋ޼׆ЅЏϺϡّࣝࡄϥԗӓҖϬРࡄ

䦚࠻ઑထՖҲবש

Ϧܾࣁ2.3֘ Savant цࡄਡЅϡӮணՖҲӡ֧ϡԟݱРࡄ䦚ԷЅѓϺϦ࠻Նѓຎᣩ

ദэએ䦚SavantࡖЅϡЗҽфࡄਖ୞РࡿথࠍфుणҤ֚ϱઁש Ϥ঎ٍѓϦࡄਡϡϤ
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֘ 2.3 Savant ઑထӡ֧Рࡄมऊ

Ը֝Ҟ֥䩟ӎЗֲׁϦऴӊࡄਡࠏഉϡӡ֧Ҥ֚ϡֲҝ䩟ٍЏзټӥѴϦԝࢹϮϡӡ

Ϧڢ୐٤כ֏৭ކഉϡӡ֧Ҥ֚Ԛԝ䩟ࠏਡࡄҝзϮϡऴӊ݌ҝ䩭ф݌֧ 51.37%䦚Ԕ

ϥ؎Ҥ֚ӹЋٍѓϦҜॆѺܠϡҤ֚ϱਖ୞থࡿ䩟ؑϴޢ߿ϡਖ୞ّࣝओ䦚ф؀৞с

ֲׁऴӊࡄਡࠏഉϡӡ֧Ҥ֚[118] Ԛԝ䩟ϤԸ֝ԮڍҞ֥Ϩӡ֧ЅӛвϡӑѓϽЩ׍

Ϥ֜ᎋ䦚

2.1.3 㝌⿥㲓㨏ⰵ

࣠ࣝϼӌϡೀཾНйтѴ䩟ऴӊࡄਡࠏഉϡӡ֧Ҥ֚Ұϴ࣊༌ӊ࠻Նओцࡄਡϡ

࿡౐Ҟ֥䩟࿡౐ଛքҙԷӡ֧ϡ݌ҝԣѴϿքϮ䦚ۥӊԷҤ֚؀ߣ䩟Ϩઑထ֩ߒࢗ෢

ҩܲጷٍѓ䦚Ѽґ䩟Ϩѐӥϡ࣮۵Ѕ䩟࠻Նϡ࿡౐ଛ׍ϤЌކ߿ٶ৭ӡ֧ϡؑؒ䦚цӊ

䩟этϪ؃цԷઑྩࠍࢹଛԝࠏӊϸणઑထϨӥকэтЅтТۥ䩟ߞ໪ϡઑထґࠏۘ

ՆϤࣘдϿЋઑထӡ֧հϱ࠻䩟ױՆѸӸϤࣘд䦚ӹ࠻фԳ؇䩟ࣔঊцԷࡑϡҮޢ߿

ѸϽϡखږ䦚ࡔϣҤӌ䩟ऴӊࡄਡ૮ݮϡӡ֧Ҥ֚д໯Ը֝ϡԼߚєୂᔅࡾӡ֧䩟ۥ

ӊРߒࡄ૜䩟ЗҽэએࢹϽࣔঊࢹվҩٍѓ䦚ࡔϣҤӌϥ؎ण৔भ֡ѓԛࢹई䦚ԝҒ

஼୫׆ࢬҤ֚Ұϴఱцֺխطܬणࡿઑထ䩟ϳٍ݆ՆҤ֚ۥӊ࣊༌ላً௬Ҳфऎଚؒ

Նϡ఍Պϩϴؒ࠻ई䩟ई஬٩݆ՆцࢹԛࣁϽ࣮۵ϼ෨ࢹঊϨࣔث (ֲพ٩ّࣝ) 䩟ґ

ϤԸ֝ᅝᜨӡ֧݌ଛࠍࢹ䦚ॎѼڋࢅԛ݆ՆҤ֚֡ѓԛמࢹ䩟Ԕϥ؎Ҥ֚ϤЌӡ֧о

Ӯڷڊ䩟ґϥၖҘН௅ϡࡄਡ૮ݮ䩟ϤЌבׯओюϺІ҃٩ઑထߒࢗҤ֚Ѕ䦚ӎЗۥ䩟

ӊ؎णҤ֚ऴӊҮࡑҌࡧӡॶ஼୫䩟஼୫ّ֝ӎ҈ϿءࡳԷӡ֧ϡ݌ҝ䦚

2.2 ⏣⛃㔶⒱⭒㗯

ਤ౨Тю (Patch Generation) ӥকϼϥ୳ૢҒحӡॶϣϬׁ޸ϡਤ౨׺ҽ (␃㾗ⶥ
⭺ф㴐㚐ⶥ⭺) йߵϨϸϬ׺ҽЅކ৭ґьݬсװϺԜ৭ϡߒࢗਤ౨䦚֡ ၖҘࡄР؎׶

ϣϬٕٷڈਡњϡЄϬߒࢗਤ౨䦚۵ӓҰԵϡ৔भҰϴدଭ҇ףणࡿ䩭ऴӊ೩тܴഎ
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౱䩟ऴӊϪ֞ӡॶ䩟ऴӊऎଚؒثйߵऴӊڋࢅϡਤ౨ТюҤ֚䦚

2.2.1 ⫑㲂㋶➂㖷㚉㚯☨⏣⛃㔶⒱

ऴӊ೩тܴഎ౱ϡࡄਡߒࢗ৔भҰϴڽЂϥࡄਡЅϡࡢڷڊϩԚঐԛфԳߒԛ䩟

දԷϥϨӎϣϬ࣮۵Ѕ䦚ӹױऴӊ೩тܴഎ౱ϡҤ֚֡Рӡॶϣॵ೩тܴഎ౱೫ଯϨ

ӔϩϡڷڊЅ൪Նഎ౱ߒ׍ѓϸԈڷڊТюߒࢗਤ౨䦚

؎Ҥ֚ϨՉ׈ϡઑထߒࢗЅ׏ѓԝܲࢹጷ䩟ҒઑထߒࢗҤ֚ GenProg[24,51]䦚؎Ҥ֚

ԗ੅޼׆ڷڊЋ֚ܬࢣࢻஔ (Abstract Syntax Tree) ϡԣܾ࣏ܴ䩟Ѽњ֡Рӡॶ೩тܴഎ

౱੻ज׏ѓ୼֚ڲتഎ౱Нйѓϱߒѓϡڷڊәݫ䦚؎РࡄЅϡ୼֚ڲتҰϴ׏ѓҖ

ᑭے୙ӑ䩭ۨࢗڷڊ҇ (Crossover) фԸ஬ (Mutation)䦚ԷЅےᑭ୙ӑ܋ϡϥцࡄਡҖϬ

௬ҲբዓϼϡطܬڷڊՖҲԳЈॵׁфటב䩟ґԸ஬୙ӑϥ܋Ϩࡄਡϡ௬Ҳբዓϼ๭

ՊϣֺЈϡٷڈطܬڷڊ࿋ङ䦙༗޼ϣֺӔϩطܬڷڊ䦚ЋϦϨഎ౱ϡРࡄЅ٤ҙഎ

౱ϡ݌ଛ䩟ҹЅӡॶϦհ੹Գϡբዓ䦚ࡢՄϱЛ䩟࣠ࣝҟֺطܬҩ࠻Նѓຎ௬Ҳϡҋ

ّЋԷᔼϣϬ੹Գ䩟ٍҩ௬ҲҋّԝࢹҙϡࡄਡәࡢݫϩѸϽϡӪଛҩഎ౱Ϻ䦚ӎЗ䩟

ҒҝطܬֺࡆђϥҩԜ৭֡Рϡ࠻Նѓຎ௬Ҳ䩟Нй֡РޕঞԷ੹ԳЋ 0 ϱࣃঝϨҏ

њϡԸ஬୙ӑЅ࿋ङ؎ֺطܬ䦚GenProg ϡਤ౨Тю֚ڲҰϴ۱ѓϦࡄਡЅϡԳڊߒ

ԑ䦚؝ϡਤ౨ՖҲзЩ٩ߒࢗЅӎЗಈѓणঐई஬٩݆ՆϡҤ֚цࡄРױ䩟Ϩڷ

Ϩױҏњ䩟؎Ҥ֚ҍҩՖϣ٩ހ܌䦚Weimer ҳϪ[102] ٤оϦцТюϡߒࢗਤ౨ф

䩟֔ױҲϡЗҽ䦚ؽ૸ڝϱ࢙ࡑߒਤ౨ҩԳߒࢗԚঐϡݪҲॅਡՖҲٕਡ䩟೬ؽՆϡ࠻

ЋϦߊՉсٕङ޵ϤԜ৭ϡਤ౨䩟Ϩҟҋ࢙ࡑЈТюϡਤ౨Зؽ܏ހҲϨҏӓ࢙ࡑЅ

ࡢ֞ߒࢗӥѴϦ׍ڋޕױՆ䦚ऴӊ࠻Ќ֡Рϡ۔ AE䦚Ѽґ䩟Qi ҳϪ[81] ֡Рӥ࢙ࡑҴ

GenProg Ѕϡ୼֚ڲتӛвӑѓ׍ϤϽ䦚јЙ٤оઑထߒࢗҤ֚ RSRepair䩟؎Ҥ֚خ

Ϧ߈ GenProg ϡТюᕴବ䩟ђϥԗԷЅϡ୼֚ۨڲتюϦڦҜഎ౱֚ڲ䦚ӥֲࡑҝт

ѴڦҜഎ౱֚ڲԚԝӊ୼֚ڲتϨ 23/24 Ϭ࠻ՆѓຎϼࡢϩѸҙϡ݌ଛ䦚

Չ׈ϡІ҃٩ઑထߒࢗҤ֚঎঎࣊༌ϥਦ֡Р࠻Ն်आߒࢗਤ౨ϡԜ৭ԛ䩟؎Ҥ

֚Ϩ࠻Նओԝࢹୟ (ࠍՆ࿡౐ଛ࠻) ϡєୂЎԡй࢙خਤ౨Ԝ৭ԛ䩟ࣔঊਤ౨ϡࠍ֝ڱ

Ў䩟Ͻ֝ϤԜ৭ϡਤ౨ҩணڶЋԜ৭ߒࢗ䦚Qi ҳϪ[82] Ϩц GenProg䦙RSRepair йߵ

AE Тюϡߒࢗਤ౨ՖҲϦϪ࢙֞ࡑд໯ҏњтѴԷТюϡߒࢗਤ౨ॎѼНй֡Р࠻

Նϡ࢙ࡑ䩟Ԕӥকϼ׍ϤЌѐԜࡄߒࢗਡЅϡઑထ䩟Ͻחдϡߒࢗਤ౨֡Р࿋ङ֍ϩ

Ҥߒࢗ࿋ङ୙ӑϡڷڊѓ׏٤оϦ঎܌䩟ؚЙՖϣױՆ֡Р䦚ࣝ࠻Ќٍۋдחਡϡࡄ

֚ Kali䩟֡׍Рӥ࢙ࡑҴԷԁϼ਎ѧ҇Ҥ֚ӥѴԚঐ݌ߒࢗҝ䦚ӥ࢙ࡑࡑફਗ਼Ϧ঎࣊

༌࠻Ն࢙ࡑਤ౨Ԝ৭ԛϡ঵ࡳԛ䦚Ϩױҏњ䩟ਤ౨ϡ࢙ࡑҤ֚Ϩ֍ϩϡऴӊ࠻Նϡࡑ

࢙ऴኜҏϼҶӸϦϪ࢙֞ࡑϡ܌ᚄ䩟НйѸϩ݌ϡڢ٤ਤ౨࢙ࡑϡކ৭ԛ䦚

Le ҳϪ[52] ӎ҈ಈѓϦ୼٤֚ڲتоϦઑထߒࢗҤ֚ HDRepair䦚؎Ҥ֚֡Рڋࢅ
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э੅࣮۵Ѕϡ׶ѓઑထߒࢗথܴцзњТюϡߒࢗਤ౨ՖҲٕਡ䩟ٍЏԜ৭ϡਤ౨Н

йϩ݌сٕϨԝۻࢹӓϡ֧ঞ䦚णঐϡ䩟Xin ф Reiss[113] ٤о ssFix ڷڊѓэ੅ߒבׯ

ᆟЅӔϩڷڊӑЋߒࢗਤ౨ϡ֍୰ࢧ䦚ssFix ѓٍ܏۰ Apache Lucene ϡҹӆഎ౱טב

Ϩэ੅ڷڊᆟЅഎ౱Ԛঐڷڊ䩟Ѽњ֡РྱथоӮڷڊфԚঐڷڊЅϡԸ֝ц׏Ԯڍ

ӥѴڷڊϡߒѓ䦚зњ࣠ࣝਤ౨ϡۨࢗϽЩцԃשਤ౨ՖҲٕਡ䦚

Wen ҳϪ[104] ٤оϦϣ҇࣊༌ڷڊϼЎҹϡਤ౨ТюҤ֚ CapGen䦚؎Ҥ֚ӎ҈Ϩ

э੅ڷڊЅࣄڋࢅ੗ߒࢗЅҮٍ׶ѓϡۨࢗ୙ӑ䩟ԁҏӓϡҤ֚ϤӎϡϥϨۨࢗڋࢅ

ϡРࡄЅӎЗ֭࠹ԁۨࢗԚԮϡϼЎҹҞ֥䦚ԝҒϨ ssFix Ѕђڋࢅ༗޼Ը֝ϡоѴࠏ

ଛ䩟ґ CapGen ϨڋࢅϡЗԃϿߎഒӛ༗޼Ը֝ӛϨϡԣܼܴणࡿ (ԝҒϨЅᗼԣܼܴ

Ѕ)䦚֡РۨࢗϼЎҹϡऎଚ䩟НйჭЩۨࢗ୙ӑϡ޸ѓ౒ࣻ䩟ϩ݌೬ڗݪҺۨࢗ୙ӑ

Тюϡ֝ڱࠍਤ౨䦚ӎЗ䩟CapGen ϨТюߒࢗਤ౨ЗӛٍѓϡࡄਡׄঈϿ࣠ࣝԷϨ࣮

۵ЅоѴϡࠏଛՖҲٕਡ䩟ٍ܏ހѓԝࠏࢹ໪ϡࡄਡׄঈ䦚؎Ҥ֚֡Рϼ਎Җ҇Ҥܴ䩟

Ͻๆ֏сڢ٤ϦઑထߒࢗҤ֚ϡކ৭ଛ䩟ँվӮணਤ౨ϡТю䦚

2.2.2 ⫑㲂㑉⤀ㄩ⊓☨⏣⛃㔶⒱

ऴӊϪ֞ӡॶϡਤ౨Тюϥࡄۥ܋ਡ؃বӡॶϣԈߒࢗϡথ५䩟ϨТюߒࢗਤ౨

ϡЗԃࠇבׯѓথ५䦚؎Ҥ֚ϡϮ؝ϥТюϡߒࢗਤ౨ѸײבϪ֞ߒࢗϡਤ౨䩟ډӊ

ԑثфࣇۅ䦚ԔϥۥӊؑϴϪ֞বӡॶ䩟ґথ५ϡ҇णфّ֝Ъԡ৭ӡ䩟ԡй࿡౐ӛϩ

ҽϡԸϽґԡйӥѓ٩ҳ䦚׺ঊথ५ّ֝РϽ৉вবӡॶфഎ౱ࣔٷڈࡿਤ౨णߒࢗ

Kim ҳϪ[46] ٤оϡ PAR ϥࡢϩڊԣԛϡऴӊϪ֞ӡॶথ५ϡਤ౨ТюҤ֚䦚ј

Й֡Рд໯ѐӥઑထϡߒࢗਤ౨тѴԷЅ 8 ҇ѓӊਤ౨Тюϡথ५䩟НйЋ 30% ϡઑ

ထТюԜ৭ϡߒࢗਤ౨䦚࣠ࣝױтѴ䩟PAR বӡॶϦ 10 णߒࢗথ५׍ЋҟϬথ५ӥ

Ѵਤ౨ТюРࡄ䩟Ϥӎথ५ҏҽԚૠݼ߹䩟Ғԣ2.3ӛܾ䦚PAR ࣠ࣝઑထӡ֧ϡԃשо

Ӯ֧ঞཱྀϣ൪Ն׏ѓথ५Тюߒࢗਤ౨䩟ׯϺਤ౨Нй֡Рӛϩ࠻Ն䦚ԷߒࢗРࡄҒ

֘2.4ӛܾ䦚؎Ҥ֚Ϩӥকϡ࢙ࡑЅ݌ҝࣸЯ䩟Нйϩڢ٤݌Тюਤ౨ϡ֝ڱ䦚

֘ 2.4 PAR ઑထߒࢗԵ֘ࡄ
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ԣ 2.3 PAR ϡߒࢗথ५

ㄩ⊓ッ⒮ ⤂ㅢグ㗰

ڊ༗ّ܀ Ϩӑѓ෢౒ࣻҏֵ䩟ࡺשϣϬणࡿጃࡈϡԸ֝ڈԣܼܴ༗ّ܀ّ៲޼䦚

៲ّ༗ڊ ѓϣϬࡢϩԚӎّ܀фၖҘणࡿϡ៲ّ༗ࡆ޼Ϭ៲ّ݆ѓ䦚

Ӹф࿋ङྔّ܀
цӊϣϬ៲ّ݆ѓ䩟ҒҝࡖϨЄݮ៲ّ䩟࿋ङԷЅϡЄ൑ٷڈّ܀Ϩӑѓ
෢౒ࣻҏֵװϣϬणࡿᄦبϡԸ֝ٷڈԣܼܴӑЋЈྔӸϡّ܀䩟ٍЏ݆
ѓӎӜЄݮ៲ّЅϡࡔϣϬ䦚

ԣܼܴ༗ڊ
Ϩӑѓ෢౒ࣻҏֵ䩟ٍѓԷјϡԣܼܴ༗ֺ޼խ်आٷڈطܬѧׄ୙ӑЅ
ϡֺխԣܼܴ䦚

ྔӸф࿋ङԣܼܴ ϨֺխԣܼܴЅྔӸϣϬׁ֚ϡԣܼܴٷڈ࿋ङϣϬӔϩԣܼܴ䦚

ݓఱഠ܋׺ ӾطܬЅࡖϨцࢣ৉ѓ䩟ྔӸifֺխ်आطܬц؎৉ѓцࢣ҂܋׺ఱ်आ䦚

цࢣ२٩״ Ϩ៲ّ݆ѓϡӓӌц៲ّ݆ѓϡّ܀ՖҲ२٩䦚

ّॵ౒ࣻഠݓ цӊّॵ৉ѓ䩟ྔӸϣϬifֺխ်आطܬഠݓ৉ѓϡЎࡣϥਦք֎䦚

ओׁϽЩഠݓ цӊओׁणࡿԸ֝䩟ྔӸifֺխ်आطܬഠݓЎࡣ৉ѓϥਦք֎䦚

ण޼׆ءמࡿഠݓ цӊцࢣϡءמण޼׆ࡿ䩟ྔӸinstanceofֺխц޼׆ϡц်ࢣआᄦبԛ䦚

Long ф Rinard[62] ٤оϦϣ҇ऴӊڷڊԸ޼ϡਤ౨ТюҤ֚ SPRۥ䦚 ӊ؎Ҥ֚֡Р

ӡॶϦϣ࠶ڍϡڷڊԸ޼থܴ (Transformation Schemas)䩟णঐӊ PAR ЅѓӊТюਤ౨

ϡথ५䩟ӹױӎ҈НйҩւֲЋऴӊϪ֞ӡॶϡҤ֚䦚Է߇ԆϨӊ SRP ԗڷڊϡԸ޼

থܴӡॶЏѸӸ૘࢛䩟ϤӎۨࢗথܴНйԚૠॵׁґӥѴߒ૜ߒࢗ䩟ӹױԣܼЌҨѸ

׍ڷڊۨࢗথܴ޼ѓԸ׏ঞ֧ڷڊϨоӮϡ܏䩟۰ߒࢗϡطܬ䦚؎Ҥ֚ђఱцֺխמ

ѓላًԣܼܴԣܾۨࢗҏњϡڷڊ䩟Ѽњ࣠ࣝࡄਡؽҲРࡄЅԣܼܴϡԼߚєୂ䩟എ

౱ц׏ϡ༗޼ԣܼܴϱТюзټϡߒࢗਤ౨䦚

Tan ҳϪ[95] ֡Рд໯ҏӓઑထߒࢗҤ֚ӛݘТϡߒࢗਤ౨тѴ䩟ϣԈئӡϡڷڊ

طܬдחਡЅϡࡄਤ౨䩟Ғ࿋ङߒࢗঊϤԜ৭ϡࣔډب୙ӑѸۨࢗ (Ќۋ) ԝ֡ډبࢹ

Р࠻Նϡ࢙ࡑ䩟ԪґТюϤԜ৭ϡߒࢗਤ౨䦚ऴӊױ䩟ԧЙ٤оϦӡॶބথ५ (Anti-
Pattern) ц GenProg ф SPR Тюϡਤ౨ՖҲРᎸ䦚ӥ݌ࡑҝ࢙Ҵ؎Ҥ֚ॎѼ׍ϤЌڢ٤

Ѵϩࡢ֞ߒࢗϡߒࢗЌҨ䩟ԔϥНйࣸЯсࡢ֞ߒࢗڢ٤ϡ݌ߒࢗଛ䩭ц GenProg ф

SPR дԆϩϽม 1.4x ф 1.8x ϡ݌ଛڢ٤䦚Է࣠ӆ֍ӹϥٍѓބথܴНйߊՉсԗϤԜ

৭ϡਤ౨ٕङ޵䩟Ԫґڝ૸ϦϤԜ৭ਤ౨ϡ࢙ࡑЗҽ䦚

Saha ҳϪ[87] ٤оϦϣ҇Ұϴఱцӌזцߞܬࢣ (Java) Ѕϡ៲ّ݆ѓӮணϡઑထࢗ

Ҥ֚ߒ ELIXIR䦚؎Ҥ֚ӎ҈ϥবӡॶϦϣԈࡄਡ޼׆ϡথܴ (Repair-Expressions)䩟Ѽ

њϨоӮϡ֧ঞٍѓׁ֚ϡࡄਡׄঈ (ҒԸ֝䦙ّॵ䦙៲ّ݆ѓҳ) ϱӥຎ٩Ը޼থܴ

Тюߒࢗϡਤ౨䦚ЋϦߒࢗڢ٤ਤ౨ϡ֝ڱ䩟ELIXIR Ֆϣڷڊֲׁۨࢗ܌ϡϼЎҹئ

෥Ҟ֥цԃשਤ౨ՖҲٕਡ䦚

Chen ҳϪ[15] ٤оϦઑထߒࢗҤ֚ JAID䦚ԁҏӓϡҤ֚णঐ䩟JAID ϥ֡Р܏۰

ӡॶϦϣԈԣܼܴϡԸ޼থ५ц֍ࡄਡЅϡڷڊՖҲϣԈۨࢗТюЈϡНߒѓڷڊә
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ӡॶϡਤ౨Тюথܴ܏বࣝ࣠ݫ䦚ѼњϨਤ౨Тю႒ݫ (Ғۨࢗԣܼܴ䦙ࡄۨࢗਡ௬Ҳ

Եҳ)䩟ѓϼϣ܌ЈТюϡڷڊәݫӥຎߒࢗ٩ਤ౨䦚

ԁϼӌ٤ϺϡҤ֚णঐ䩟Hua ҳϪ[34] ٤оϡ SketchFix Ҥ֚ӎ҈ӡॶϦϣ࠶ڍϡ

থ५޼ϡԸۨࢗஔ֚ܬڷڊ (Transformation Schemas) ѓӊۨࢗоӮ֧ঞڷڊТюߒࢗ

ਤ౨䦚؎Ҥ֚Ԛԝϼ਎Ҥ֚ϡϤӎϥцਤ౨Тюф࢙ࡑϡРࡄՖҲϦ٩ހ䦚Ԛԝӊ䦧Т

ю-࢙ࡑ䦨ϡےૠܴਤ౨ТюҤܴ䩟SketchFix ԗࡄਡЅϡԃשઑထ֧ঞٍѓࢣࢻԣܼܴ

ՖҲ༗޼䦚ϸѦӛ஼ϡࢣࢻԣܼܴђϥЋϦࡄ࢙خਡНйҩԜ׶൜ፈф௬Ҳ䩟׍ϤЌ

Ѕ䩟ҒࡄՆϡР࠻Ҳؽ䦚ѼњϨ޼ЌϨњ۟НйҩҤ۬༗ۋՄࡢՆϡ֡Р䩟Է࠻࢙خ

ҝ࠻Ն֡۔РजϿϨ௬ҲϺϡࢣࢻԣܼܴ؝ТюЈϡߒࢗਤ౨ՖҲ༗޼䦚ԷހѢϥђ

ϩҩ༗޼ϡԣܼܴؑϴԳЈ൜ፈ䩟ґϤؑϴԳߒ൜ፈݱϬ࣮۵ϡڷڊ䩟Нйϩڢ٤݌

ਤ౨࢙ࡑϡ݌ଛ䦚

Ghanbari ҳϪ[29] ӎ҈ఱцਤ౨ТюРࡄЅϡ݌ଛڢ٤՜֣䩟٤оϦϨ JVM ڷڝܒ

ৢӌϡઑထߒࢗҤ֚ PraPR䦚؎Ҥ֚ӎ҈ϥӡॶϦϣԈڷڊԸ޼থ५ (жڲԸ஬ڈ) ϱ

цڷڊՖҲۨࢗ䦚ۥӊ؎Ҥ֚Ϩৢڷڝܒӌڷڊۨࢗ䩟Нй೬؝ݪԑۥӊϪ֞൜ڊܐ

䩟ۥϤ৭ӡϡ՜֣䦚ӎЗܴ࣏ڷڊ৉вϡڷ ӊ۵ӓЪЄ൜ߞܬࡄ (Ғ Java䩟Kotlin䩟Scala
ҳ) Ёٍѓܴ࣏ڷڝܒ䩟ӹױ؎Ҥ֚цӊߒࢗϤӎߞܬϡࡄਡઑထϩѸϮϡ֡ѓԛ䦚ӥ

Ҵ䩟PraPR࢙ࡑ ϡߒࢗڢ٤֏䩟НйϽๆڷڊ൜ፈߒބݪНй೬ڷڝܒۨࢗבׯӊۥ

ଛ䦚݌

ङױҏ֔䩟њ۟ϩЪЄఱцئӡઑထϡߒࢗҤ֚ҩ٤о䦚Ԛԝӊ֡ѓϡઑထणࡿ䩟

থ५䦚Xiongߒࢗϡ݌ӡॶҙډب෸ӡ䩟Ѹࢹӡϡઑထথܴԝئ ҳϪ[115] ٤оϦ ACS䩟
ఱц Java থܴ䩟ԝҒҶӸֺۨࢗϡطܬҤ֚䦚؎Ҥ֚ӡॶϦֺխߒࢗطܬϡֺխߞܬ

խ䦙࿋ङϣϬֺխҳ䦚Gao ҳϪ[26] ٤оϦ LeakFix ఱц C ᇋᇄઑထ䦚؎Ҥ֚ࡖϡֵߞܬ

֡РІ҃๭Պֵࡖ౥ӵطܬ (free(pointer)) ϱӥѴߒࢗ䩟ߒࢗথ५؀ߣ䦚Ѽґ䩟LeakFix
֡Рڷڊݮݔд໯ֲׁϣ࠶ڍϡऎଚНйߒ࢙ࢗخϡԜ৭ԛ䦚

2.2.3 ⫑㲂㴢㗲㎳ⰶ☨⏣⛃㔶⒱

࣠ࣝӓӌϡೀཾϢЙϤԡтѴ䩟ऴӊഎ౱фऴӊথ५ϡઑထߒࢗҤ֚Ѕϡਤ౨Ё

ϥϱ੅ӊѴϩϡࡄਡٷڈϪ֞ѯӡথ५䦚ґऴӊऎଚؒثϡઑထߒࢗҤ֚ϥԗӾӓࡄ

ਡЅϡ఍Պ఍оϡц׏Ԯ޼׆ڍЋϣ࠶ڍϡऎଚֺխ䩟Ѽњۥऎଚؒॆث (SMT Solver)
ՖҲऎଚؒثϱพࠃਤ౨ڷڊ䦚ԷހѢϥНйТю҇णѸЋழࣥϡߒࢗਤ౨ґϤիӔ

ϩϡࡄਡءࡳ䦚ԔϥԷઑѢЇԜϥۥӊԷТюϡߒࢗਤ౨҇णᝇ૜䩟цਤ౨ϡކ৭ଛ

Ѹԡйସء䦚

Nguyen ҳϪ[74] ٤оϡ SemFix ϥࢹՉٍѓऎଚؒث৔भᔅࡾТюߒࢗਤ౨ϡҤ

֚䦚؎Ҥ֚۰܏ಈѓላً௬Ҳ৔भц࠻Նࡄਡ٤పϡऎଚҞ֥ՖҲּओ䩟Ѽњԗּओ
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Ϻϡऎଚ޼׆ЋԚ׏ऎଚؒॆثϡऎଚֺխ䩟׍ԗԷӑЋऎଚؒॆثϡ఍ՊՖҲऎଚ

ਤ౨䦚SemFixߒࢗТюڷڊю੅޼׆ϡֲҝϿҩث䩟зњؒثؒ ಈѓϦϣ҇ऴӊॵխ

(component-based) ϡਤ౨ТюҤ֚䦚ࡢՄϱ܇䩟֡РഎओࡄਡоӮ֧ঞ؝Нѓϡࡄਡ

ׄঈ (ҒԸ֝䦙֝׶ҳ)䩟࣠ࣝऎଚцԷՖҲڦҜॵׁЏϺ߿ٶϴؒϡڷڊәݫ䦚ۥӊ

Է࣊༌ላً௬ҲйߵऎଚؒثРࡄ䩟ϨԝࢹЩϡࡄਡϼ݌ҝԝࢹϮ䩟ӹЋ؎Ҥ֚Нй

ࣘд۱ѓѴϩऎଚؒॆثϡҙ݌എ౱ث֚ؒڲ䦚ϨԝࢹϽ੻থϡ઱խࡄਡϼԡй޸ѓ䦚

Mechtaev ҳϪ[67] ٤оϡ DirectFix ಈԼϦф SemFix Ԛঐϡ೫ଯ䩟ӎ҈ϥ࣊༌ӊ

ऎଚؒॆثՖҲؒث䦚ϤӎϡсҤϥ DirectFix ц SemFix ϡਤ౨ТюРࡄ҂Ϧ٩ހ䦚

SemFix ࣊༌ӊӮணӡ֧Ҥ֚цӮணϡڷڊՖҲӡ֧䩟ѼњੜؕӮண֧ঞϡٕӜ࣊ҋ

൪ՆТюߒࢗ䦚DirectFix ϡ٩ހҰϴϥԗӮணӡ֧ϡРࡄфਤ౨ϡТюРֲׁࡄϺϦ

ϣв䩟׍Ϥϥ଴۴ϡੜؕӡ֧ϡ܏њॅਡ൪Նߒࢗ䩟ґϥ۰ࡺש܏ԝ؀ߣࢹϡطܬՖ

Ҳߒࢗ䩟Է۵ϡϥߊНЌТю؀ߣϡߒࢗਤ౨䦚Էҋ䩟DirectFix ϨՖҲላً௬ҲϡР

ѓላً֝ՖҲԣܾ䩟Ѽњ੻ӡϦϣॵఐֺխחЅҪࡄ (Hard Condition) ф઱ֺխ (Soft
Condition)䦚зټϥԗԷ޼׆ЋחдзϽН߿ٶ՜֣ (Partial MaxSAT)䦚؎՜֣ϨؒثЗ

ϥϨ߿ٶఐֺխϡӓ٤ЎߊНЌЄϡ߿ٶ઱ֺխ䩟۵ϡӎ҈ϥߊֳ׈НЌТюߣೕϡ

ਤ౨䦚ߒࢗ

Mechtaev ҳϪ[68] њ۟ҍՖϣ٤܌оϦц SemFix ϡۨՖҤ֚ Angelix䦚؎Ҥ֚ӎ҈

ઌϦߓ SemFix ϡऴӆڽЂ䩟ಈѓऴӊॵխϡࡄਡᆨׁҤ֚Тюਤ౨䦚Ԕϥ䩟Angelix ಈ

ѓϦիࡳϡላً௬Ҳ (Controlled Symbolic Execution)䩟Нйעࡽ֍ӆϡࢅتላً௬ҲҤ

֚ϨࢹϽϡ࣮۵ϼϤНڲڋϡ՜֣䦚ӎЗϨЈϡҤ֚Ѕ֡Р৉Պϳٍ݆Նӡ֧Ҥ֚ц

֍ϱϡӡ֧Ҥ֚҂Ϧ٩ހ䩭ц࠻Ն៲ّ࣊ࣝؽҲϡբዓϡϤӎՖҲдण䩟Ѽњ٩׆Ћ

ऎଚֺխՖҲؒث䦚

Ke[45] ٤оϡऴӊܬڷڊॶഎ౱ϡਤ౨ТюҤ֚ SearchRepair ֡Рऎଚؒྱॆثथ

Ը֝ҏҽϡц׏ԮڍϱߒѓϪ֞൜ܐϡڷڊ䦚؎Ҥ֚۰܏ϥࠃ߹ϦϣϬϪ֞ڷڊәݫ

ϡڷڊᆟ䩟ӎЗЋҟϬڷڊәݫϡ఍Պ఍Պࠃ߹ऎଚԮڍ䦚цӊѯӡ֧ঞϡઑထڷڊ䩟

؎Ҥ֚֡РഎओࡄਡϡऎଚֺխѼњϺّࣝᆟЅЧഎ౱߿ٶԚӎֺխϡڷڊәݫ䦚Ѽ

њӐ֡РऎଚؒߒثؒॆثѓڷڊЅԸ֝Ϩઑထ֧ڷڊঞϡྱथԮڍ䩟зњٍבׯѓ

༗޼Ը֝ҏњϡߒѓڷڊ༗޵޼֍ϱϡઑထڷڊТюߒࢗϡਤ౨䦚؎Ҥ֚ۥӊТюϡ

ЅؑϴՖҲऎଚࡄӊ؎Рۥҙ䦚Ѽґ䩟ࢹ֝ڱ䩟ਤ౨ڷڊϡܐਤ౨ϱ੅ӊϪ֞൜ߒࢗ

ଛ՜֣䦚݌ϽЗϿӌைࢹҽ׺ڷڊש୙ӑ䩟Ӿԃࡈϡጃڷڊ֋֝ߵйثؒ

ङױҏ֔䩟Хϩఱцئӡणࡿϡऴӊऎଚؒثϡਤ౨ТюҤ֚䩟ԝڊࢹԣϡ֞ӑ

ϥఱц Java ϡߒࢗЅֺխߞܬ NOPOL[117]䦚֡Рۨࢗ֍ϩϡֺխྔٷڈطܬӸЈϡֺ

խٍطܬЏТюϡਤ౨֡Рӛϩϡ࠻Նѓຎ䦚؎Ҥ֚۰܏ϥ࣊༌஼୫׆ࢬϡӡ֧Ҥ֚

ЏϺԃשϡоӮ֧ঞ࠶ԣ䦚ϨױРࡄЅϿഎओࡄਡ௬ҲРࡄЅԸ֝ߚҞ֥йߵઑထֺ
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խڷڊϡऎଚ (trueڈfalse)䩟зњԗऎଚֺխ޼׆Ћ SMT ՜ٍ֣ѓі઱ϡ Z3 1 ऎଚؒ

ਤ౨䦚ߒࢗТюڷڊ٩Ћ੅׆ټ䩟ԗؒЏϡֲҝӐзثՖҲऎଚؒॆث

2.2.4 ⫑㲂㟧⭜☨⏣⛃㔶⒱

ऴӊมଛڋࢅϡਤ౨ТюҤ֚֡Рّࣝڋࢅд޿䩟࣠ࣝӔϩਤ౨І҃ࢻԼߒࢗϡ

থ५䦚ԷЅԝࢹਹࡿϡҤ֚ϥऴӊڋࢅѺܠϡਤ౨ТюфРᎸҤ֚䦚֡Рӡॶࢣࢻথ

ټ䩟зݱ٩݆ހّ܀ՖҲϤआϡࡿথࢣࢻѓϽ֝ϡਖ୞ّࣝӑЋ఍Պцӡॶϡ׏䩟ࡿ

ٍЏԅЏϡࡢՄথࡿНйሶׁϽחд൬۠ӛϩϡਖ୞ّࣝ䩟Ѽњٍѓ؎থࡿцЈϡّ

ࣝՖҲব࠻䦚ײӪёڋࢅѺܠϨ઱խϡઑထ֩ߒࢗ෢ЇЏϺϦքϱքЄϡԮڀфٍѓ䦚

Long ф Rinard[63] ٤оϦ Prophet䦚ؚ ٍѓҜॆѺ֚ڲܠਖ୞ϣϬٕਡথࡿ䩟цѴϩ

ϡߒࢗਤ౨Тю֞ࡢ SPR ϡߒࢗਤ౨ՖҲٕٛ܏ހਡ䩟ٍЏԜ৭ϡߒࢗਤ౨НйߊՉ

сҩ࢙ࡑ䦚ԷऴӆڽЂϥઑထࡄਡϡਤ౨ԁઑထтТ֧ঞϡϼЎҹϥԚԮϡ䦚ԝҒоӮ

ϡ֧ঞϥֺխطܬ䩟оѴϡӮணЪНЌϿфላًϡӮணٍѓԚԮҳ䦚ऴӊױ䩟Prophet ֡
РഎओϽ֝ϡઑထࡄਡйߵц׏ϡߒࢗਤ౨䩟Ѽњцઑထࡄਡфਤ౨ϡئ෥ (Ғԣ2.4)
ՖҲࢻԼ䦚࣠ ࣝ٤Լϡئ෥Ҟ֥ࠃ߹ϣϬઑထࡄਡϺߒࢗਤ౨ϡϣϬд޿มଛথࡿ䦚Ϩ

ਤ౨Тю႒ݫ䩟؎থࡿНйц SPR Тюϡߒࢗਤ౨ՖҲٕਡ䦚ॎѼ؎Ҥ֚׍ЬϩЈϡ

ਤ౨ТюҤ֚䩟ԔۥӊԷц SRR ਤ౨࢙ࡑϡॅਡՖҲϦ٩ހ䩟ٍЏзټϡ݌ߒࢗҝϩ

ϣӡϡڢ٤䦚ϼҹೀཾϡ ELIXIR[87] Ѕӛಈѓϡਤ౨ٕਡРࡄԁױणঐ䦚

ԣ 2.4 Prophet ٤Լϡחдࡄਡئ෥

෥ئࡿਤ౨ϡणߒࢗ ๭Պସطܬء䩟๭Պ်आֺխ䩟༗်޼आֺխ䩟๭Պֺۘխطܬҳ䦚

ઑထ֧ঞϡӮணणࡿ ᔼڈߚ఍оԚԮ䩟ိࢲ䩟continue䩟break䩟ԝڈࢹϣׄ୙ӑԚԮҳ䦚

ϡਤ౨䦚LongߒࢗѓϱТюבׯ䩟ХНйࡄਤ౨ϡٕਡРשङϦҩѓӊԃࡿথڋࢅ
ҳϪ[61] ٤о Genesis䩟ؚ ϥϣϬߒࢗਤ౨ϡТюথࡿ䩟֡ Рд໯ઑထڷڊфԜ৭ڷڊҏ

ҽϡԮڍϱࠃ߹јЙϡྱथ䦚؎Ҥٍ֚ѓڷڊϡ֚ܬࢣࢻஔԣܾ࣏ܴ䩟Ϩਤ౨ϡТю

႒ݫϿ൪ՆԗઑထڷڊԁথࡿЅϡڷڊՖҲڷڊஔጃࡈйࣔ܋ਤ౨ڷڊϡഎ౱䦚ӹױ䩟

Тюϡߒࢗਤ౨ؑϴϨਖ୞ّࣝओЅࡖϨ䩟ਦजԗϤЌТюԚ׏ϡߒࢗ䦚֔ױ䩟ۥӊ

ԷѺܠРࡄцّࣝ֝ϡϴؒԝࢹϽ䩟؎Ҥ֚۵ӓђఱцϣԈئቕणࡿϡઑထ䩟ԝҒ׺

ҳ䦚׶ఱ஬܋

Tufano ҳϪ[96] ԗ޼׆ڷڊЋҹӆϡԣܾҤܴ䩟ѼњٍѓІѼߞܬЅϡظҮҜॆࢬ

ፈ (Neural Machine Translation) থࡿцઑထߒࢗਤ౨ՖҲব࠻䦚ࡢՄ܇䩟؎Ҥ֚ԗۨࢗ

ӓњϡڷڊԸюܒላਡ࠶䩟ѼњٍѓိظࢲҮӽ౩ (Recurrent Neural Network) ϡ൜ڷ

ॆڷث-ॆ (Encoder-Decoder) থࡿਖ୞ۨࢗӓњڷڊϡц׏Ԯڍ䦚ЋϦٍਖ୞ϡথࡿѸ

1 https://github.com/Z3Prover/z3/wiki
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׶ࡿфԸ֝Ӝी䩟ԝҒӛϩϡStringण֝׶ϣԈ޵ࢣࢻ٩ЗϿ࠶ϡਡڷڊѓԛ䩟Ϩ֡ࡢ

֝ѓ䦧STRING䦨ԣܾҳ䦚Ϩзњব࠻Тюਤ౨ЗӐ౗ࡾओଚഎ౱ (Beam Search) ᇚߒҩ

ϡԸ֝䦚޵ࢣࢻ

Bader ҳϪ[7] ٤оϦઑထߒࢗҤ֚ GetaFix䩟؎Ҥ֚׏ѓৢҋుण (Hierarchical Clus-
tering) ӓњϡஔ࣏ۨࢗڷڊ٤Լ܏ϥ۰ࡄՄРࡢਤ౨থ५䦚ԷܠЅѺߒࢗ੗ࣄԪ֚ڲ

ԣܾ࣏ܴ䩟࣏׍юڷڊц 〈be f ore,a f ter〉䩟ԷЅ be f ore ϥڷڊҩۨࢗҏӓϡԣܾґ

a f ter ϥۨࢗҏњϡԣܾ䦚ԗӛϩϡࣄ੗٤ۨࢗԼюϼ਎ڷڊц࣏ܴ࣏юڷڊцϡओ

ׁ䩟ϨుणРࡄ䩟GetaFix ٍѓ Anti-Unification 䦚ࢣࢻцՖҲుणфڷڊԗӛϩϡ֚ڲ

ЋϦٍϤӎϡۨࢗНйѓࢅϣϡথ५ԣܾ䩟ϣԈࡢՄϡڷڊϿҩࢣࢻю֡ࡈላԣܾ࣏

ܴ䩟ԝҒҖϬۨࢗϥ༗޼ҖϬϤӎϡԸ֝䩟ज֡Р޵ࢣࢻԸ֝ӜҞ֥НйٍҖϬۨࢗ

ܼϺࢅϣՖґҩஓϺϣणЅ䦚ӹױ䩟ుणҏњԚঐϡۨࢗϿҩࢣࢻЋϣϬ࿋޵Ϧחд

ЈϡઑထЗ䩟GetaFixߒࢗѓԷՖҲ׏থ५䦚Ϩڷڊ٧ԛϡڷڊ ൪Նԗઑထϡڷڊфথ

५Ѕϡ be f ore ՖҲጃࡈ䦚Ғҝጃࡈюۋ䩟जٍѓц׏ϡڷڊߒࢗ a f ter Тюߒࢗਤ౨䦚

؎Ҥ֚ԑڹϼНйحڗߒࢗणࡿϡઑထ䩟Ԕϥ࣠ࣝԷ֚ڲРࡄ䩟цӊਖ୞ّࣝԝࢹվ

ϡઑထणࡿ؎Ҥ֚ϿЏϺԝࡢࢹՄϡۨࢗথ५䩟ԪґءࡳԷ޸ѓ౒ࣻ䦚

White ҳϪ[105] ٤оٍѓظҮӽ౩ (Neural Network) থࡿϱഎ౱Ԛঐڷڊѓӊพࠃ

ࡢ֞ߒࢗӥѴϦ׍ࢧϡ֍୰ڷڊਤ౨ߒࢗ DeepRepair䦚ۥӊࡄਡߞܬфІѼࡢߞܬϩ

ЪϽϡई஬ԛ䩟ЋϦНйѸϮϡࡧԆࡄਡڷڊϡئԛ䦚DeepRepair ऴӊϽ֝ϡ੅܏۰

୙ӑላҳ䦚ϨߵЅϡላً䩟ԝҒԸ֝Ӝйڷڊڷѓϱ൜ࡿথߞܬਖ୞ϦϣϬّࣝڷڊ

ਤ౨ТюϡРࡄЅ䩟DeepRepair ӎ҈ϥಈѓϦऴӊথ५ϡਤ౨ТюҤ֚䩟ϤӎѢϥϨ

ӥຎߒࢗ٩থ५ЗٍؚѓظҮӽ౩থࡿഎ౱Ԛঐϡڷڊ䦚Ѽґ䩟؎Ҥ֚ϨӥকЅԣѴ

ϣડ䩟ԡйߒࢗѐӥϡߒ૜ࡄਡઑထ䦚

2.2.5 㝌⿥㲓㨏ⰵ

ऴӊ೩тϥഎ౱ϡҤ֚ (Ғ GenProg) Ҥ֚ډ؀ߣӊӥѴ䩟࣊༌ӊؘКڋޕϡ೩т

ܴ੻ज䦚Ѽґۥ䩟 ӊ؎Ҥ֚݌ଛԝࠍࢹ䩟ђЌϨԝࢹ๬ཇ֏ߒѓڷڊ䩟ءࡳϦԷਤ౨Т

юЌҨ䦚ऴӊথ५ϡਤ౨ТюҤ֚࣊༌Ϫ֞ӡॶਤ౨ϡТюথ५䩟ۥӊথ५ۥϪ֞൜

ҶӸҏњ䩟؎ण৔भԡйӥѓࡿҙ䦚Ԕϥ䩟Ӿઑထϡणࢹԝ֝ڱТюϡਤ౨׶䩟֡ܐ

٩䦚ऴӊऎଚؒثϡਤ౨ТюҤ֚ԁऴӊഎ౱ϡҤ֚णঐ䩟ҰϴईԆϨӊ؎Ҥ֚Ϥؑ

ϴϪ֞ڋޕ೩тܴ੻ज䩟ґϥ࣊༌ऎଚؒॆثϡ٩ހഎ౱֚ڲՖҲؒث䩟Ҥ֚؀ߣ๬

ફ䦚ԔۥӊԷ࣊༌ላً௬ҲфऎଚؒثРࡄ䩟ϨϽ࣮۵ϼ෨ࣁԛԝࢹई䦚зњ䩟ऴӊࢅ

ࡑ܏ԛ䩟۱ѓϦӔϩّࣝϡࡳԷјਤ౨ТюҤ֚ϡ঵עࡽϼ֏ࡄϡҤ֚НйϨϣӡڋ

Ҍࡧ䦚Ԕϥ؎णҤ֚৉ՊϦЈϡखږ䩭࣊༌Ͻ֝Գߒϡۨࢗਖ୞ਤ౨Тюথࡿ䦚ӹױ䩟

؎Ҥ֚ц׶ԋϡઑထ݌ҝҴࣸ䩟цۘࠏ໪ϡઑထۥӊઑྩਖ୞҈ӆّࣝґԡй޸ѓ䦚
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☾㑻㷦 㐯㦍㩌⡒㖯㺆㫼ⳑ

3.1 㯧㬀

І҃٩઱խઑထߒࢗ৔भॎѼҮРϦ֐Єёϡтࣁ䩟ӔҮϩЪЄІ҃٩ϡߒࢗҤ

֚ҩ٤о[51,52,113,115]䦚Ԕϥ䩟ѴϩϡઑထߒࢗҤ֚ӛЌߒࢗϡઑထّ֝࣊Ѽԝࢹվ䩟Ұϴ

ఱцԝ׶ࢹԋϡઑထणࡿ䩟Ғ܋׺ఱӮணҳ[7,61,62]䦚цӊۘࠏ໪ϡઑထ䩟Ѵϩϡߒࢗ৔

भ࣊Ѽઑྩϩ݌ϡҤ֚䩟ђϩۘ׶վّ֝ϡઑထНйҩԜ৭ߒࢗ䦚࣠ࣝҷϣאϡೀཾ䩟

۵ӓҰԵϡІ҃٩ઑထߒࢗҤ֚ϥ࣊༌࠻Նϡ䦧Тю-࢙ࡑ䦨ߒࢗথࡿ䩟࣊س༌࠻Ն٤ప

䦚୳ૢߒࢗՆРᎸϤԜ৭ϡ࠻ਤ౨䩟зњӐ֡Рߒࢗਡϡ੻ऎҞ֥൪ՆТюઑထϡࡄ

ԣҴ[63,82]䩟ѴӥЅࡄਡӛ٤పϡ࠻Նओׁ֡׶ԝࢹୟ䩟ϨНй֡Р࠻Նϡԃשਤ౨Ѕ

࣊ѼࡖϨϽ֝ϤԜ৭ϡߒࢗਤ౨䦚Ϩઑထߒࢗऴّࣝކओ Defects4J[44] ϼϡϣϬӥࡑԣ

Ҵ[64], Тюਤ౨ϡԜ৭ԛ䦚ࡢ֞ߒࢗІ҃٩࢙خϤЌ׍Նओׁ࠻

ЋϦڢ٤ઑထߒࢗҤ֚Тюਤ౨ϡ֝ڱ䩟ҶӸԜ৭ߒࢗϡّ֝䩟ѴϩϡЪЄ୳ૢ

Ұϴ֠ڀӊԝ׶ࢹԋϡઑထ䦚֍ӹϥϸחдઑထࡖϨϽ֝ϡࣄ੗ّࣝ䩟ӎЗэтϪ؃

цϸԈणࡿϡઑထԝ়ࢹ๐䩟ӹױНй֡РϪ֞ӡॶথ५[46,87] ّߒРԪϽ֝Գ֡ٷڈ

ࣝЅѺ[7,61]ܠ ϱڢ٤Тюਤ౨ϡ֝ڱ䦚Ԕϥ䩟цӊۘࠏ໪ϡઑထϱЛ䩟ۥӊэтϪ؃

йߵ୳ૢϪ؃ઑվޢ߿ϡҮࡑҌࡧ䩟ࣄ੗Գߒϡّ֝ߒࢗϩࡳ䩟ࣔঊԡйТюԜ৭ϡ

Ҥ֚䦚݌䩟࣊Ѽઑྩϩߞ໪ϡઑထґࠏ䩟۵ӓцӊۘױ䦚ӹߒࢗ

ЋϦѸϮсϦثϨ؎থࡿϡࣔ܋Ўۘࠏ໪ઑထϡϩߒࢗ݌Ҥ֚䦚ӆאՖҲϦϣϬ

ӥ࢙୳ૢ䩟֡Рд໯этٷϪ֞ࡄߒࢗਡઑထϡРࡄ䩟Ћۘࠏ໪ઑထϡІ҃٤ߒࢗ٩

పϩ݌ϡࣔ܋Ҥ֚䦚ࡢՄ܇䩟ӆ֡אРд໯Ϫ֞ߒࢗРࡄ䩟ԪЅւֲоϣԈэтٷӛ

ٍѓϡҤ֚䦚؎РࡄЅϡϣϬԮඡखږϥ䩭Ғ࠹֭حфᆡ਎Ϫ֞ߒࢗϡРࡄ䩲І҃٩

ϡઑထߒࢗҤ֚֡ࡢ׶ϩԝࢹҴ৭ϡ֚ڲߒࢗ䦚Ԕϥ䩟цӊϪ֞ߒࢗ䩟ЋҟϬઑထϡ

ࢗԗఱцϪ֞ઑထא䩟ϨӥকЅϥԡйӥѴϡ䦚ӛй䩟ӆ֚ڲߒࢗϣϬܐ൜ࡄРߒࢗ

ϡРߒࢗсᆡ਎Ϫ֞݌٤оϣ҇ऴӊ䦧೫ଯ䦨ϡᆡ਎Ҥܴѓӊϩ׍௩࢛д໯䩟ࡄϡРߒ

ӎ҈ϿТюٷՆ䩟ॎѼэт࠻Рϡ֡۔ਡфࡄҝд໯тѴ䩟࣠ࣝઑထֲࡑ䦚֡Рӥࡄ

Ӯணϡߒࢗਤ౨䩟ԔϥцӊϽחд (82%) ϡઑထэтٷНй൜ܐԜ৭ߒࢗਤ౨䦚ԣҴ

֡Рд໯Ϫ֞ߒࢗϡРࡄ䩟ϩࠏۘڢ٤ֳܨ໪ઑထϡІ҃ߒࢗ٩ЌҨ䦚Ћױ䩟ఱцϪ

֞ઑထߒࢗЅϡӡ֧йߵਤ౨ТюРࡄ䩟ӆאдԆւֲϦֺࢳ೫ଯ䩟ѓӊࠏۘࣔ܋໪

ઑထߒࢗϡЈҤ֚䦚

ӆ֡אРд໯этٷϪ֞ߒࢗઑထϡРࡄ䩟ւֲۘࠏ໪ઑထϡϩߒࢗ݌Ҥ֚䦚ӆ

ᆡ਎ӥ࢙୳ૢϡڝঞ䩮ҷ3.3ޕࡄೀཾӥ࢙୳ૢϡРڝЎϱϡॵ௼ֲพҒЎ䩭ҷ3.2בא
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ֲҝйֲߵҝϡд໯䦚ҷ3.4ڝцӆبֵאՖҲॗڹфւֲ䦚

3.2 㖯㬕㔤㺥

ӆڝೀཾϪ֞ߒࢗઑထϡӥޕࡑӡ䩟ҰϴдЋҖϬҤӌ䩭(1) ӥّࣝࡑओϡࡺש䩮

(2) ӥࡑϡРࡄᆡ਎䦚בЎϱ䩟ӆڝцйϼҖҤӌдԆ૘࢛ೀཾ䦚

3.2.1 㗷⳯⭅

ЋϦ୳ૢϪ֞ߒࢗѐӥઑထϡРࡄ䩟ӆҹשԼϦϨઑထ֩ߒࢗ෢ҩҮٍ׶ѓϡϣ

Ϭऴّࣝކओ Defects4J[44]䦚ӆҹϨӥ࢙୳ૢЅٍѓϦ؎ّࣝओϡ v1.0.0 ؗӆ 1 䩟Է૘

࢛Ҟ֥Ғԣ3.1ӛܾ䦚ӆ୳ૢױࡺשऴّࣝކओӑЋӥࡑцࢣϩйЎҖҤӌ֍ӹ䦚۰܏䩟

؎ّࣝओ۵ӓҩܲጷٍѓ䩟ӹױНйҤ۬ԁ۵ӓӔϩϡІ҃ߒࢗ٩Ҥ֚ՖҲцԝд໯䦚

Էҋ䩟ّࣝओدଭϡ࣮۵Ҟ֥ࡢϩЄ҈ԛ䩟Ϩϣӡࡄ֏ϼࡢϩԝࢹϮϡڊԣԛ䦚ّࣝ

ओدଭٚϬϤӎणࡿϡ࣮۵䩟ۥϤӎϡ઱խԍޅӛэт䩟ԝҒ Closure ࣮۵ϥۥ໥ܮԍ

ӛэтϡѓӊޅ JavaScript ٩൜ፈॆ䩟ґ࣮۵ހϡڷڊ Math जϥۥ Apache ԍޅӛэ

тϡ൜ߞܬࡄ Java ϼϡّѺڲڋᆟ䦚

ԣ 3.1 Defects4J ّࣝओ૘࢛Ҟ֥

㦞ㅅッ⒮ 㐯㦍⢔㗷 ㊿ⴋ■⿵㨾㗷 (kLoC) ㊿ⴋ␌㗎⢔㗷

JFreeChart (Chart) 26 96 2205
Closure compiler (Closure) 133 90 7927
Apache commons-math (Math) 106 85 3602
Apache commons-lang (Lang) 65 22 2245
Joda-Time (Time) 27 28 4130
⧩⭜ 357 321 20109

ԪϼԣّࣝНйЃо䩟؎ّࣝओϣد࢕ଭ 357 ϬϱІѐӥ࣮۵этЅϡઑထ䦚ۥ

ӊӆӥ࢙୳ૢؑϴэтٷϪ֞ߒࢗઑထ䩟ЋϦઁࠍэтٷϡ૎஍䩟ӆӥࡑђಈѓחд

ّࣝ䦚Ћױ䩟ӆҹಈѓڦҜ҈ࢻϡҤܴԪҟϬ࣮۵ЅڦҜשԼ 10 ϬઑထӑЋӥّࣝࡑ

ओ䦚зټϣש࢕ԼϦ 50 ϬઑထԟюבЎϱϡӥ࢙୳ૢ䦚ЋϦҤ۬ᆡ਎䩟ӆҹԗц׏ઑ

ထ࣠ࣝԷӛц۵࣮׏ӜीԪ 1 Ϻ 10 ൜ً䩟س Chart-1 ԣܾ Chart ࣮۵ЅϡҷϣϬઑထ䩟

ґ Closure-10 जԣܾ Closure ࣮۵Ѕϡҷ 10 Ϭઑထ䦚

1 https://github.com/rjust/defects4j/releases/tag/v1.0.0
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3.2.2 㖯㬕⥙⒴

Ҥ֚٤పߒࢗЋІ҃٩ϡࡄ઱խઑထϡРߒࢗϥ֡Рд໯Ϫ֞ࡣϡ۵ࡑӊӆӥۥ

ࢗϣঊ䩟ӆҹцϪ॒֞ࢲҤ֚ϡߒࢗԁІ҃٩ࡄϡРߒࢗ䩟ЋϦٍЏϪ֞ױ䦚ӹࣔ܋

҂йЎऎଚ䦚ࡄϡРߒ

• ௬Ҳઑထߒࢗϡэтٷцߒࢗۉϡઑထ࣮۵Ьϩࡑ܏Ҍࡧ䩟سङϦ࣮۵ϡ࠻Ն

ओׁӛ٤పϡࡄਡ੻ऎҞ֥ϤҌѬઑထࡄਡϡԟܬݱॶ䦚

• ϨϪ֞ߒࢗϡРࡄЅҰϴ࣊༌ࡄਡ੅ڷڊфц׏ϡ࠻ՆϱТюߒࢗ䦚

• этٷНйث໯੅ڷڊЅϡڀ౥йߵц׏ϡ Java ҹ့䩟ӎЗэтٷЇНйϼӽ

എ౱ԚԮҌࡧ䩟ԔϤЌבׯഎ౱фߒࢗۉઑထࡢϩבׯԮڍϡֵب䩟ԝҒц׏

ϡߒࢗਤ౨ϥѮА䦚

࣠ࣝϼ਎ऎଚ䩟ӆҹӑٷӑЋӥࡑэтٷՖҲ؎ӥ࢙୳ૢРࡄ䦚ϨϪ݆֞ՆРࡄ

Ѕ䩟этٷНйٍѓओюэт॒ࢲ (IDE) Eclipse ᔅ݆ࡾՆРࡄ䦚؎ IDE ٤పϦԝࢹҪ

ӌϡ Java ௬Ҳҳ䦚фІ҃٩܌ਡआѢ؀ࡄঞޕߵՆй࠻Ҳ؀ׄؽ၉د䩟ࡢਡ݆Ն֞ࡄ

ࡄՆд໯࠻Ҳؽϥ֡Р܏ਡՖҲ݆Ն䩟۰ࡄҟҋѯӡϣϬઑထٷणঐ䩟этࡢ֞ߒࢗ

ਡНЌоӮϡ֍ӹ䩟ӡ֧оӮ֧ڷڊঞ䦚Ѽњ൪ՆۨࢗоӮϡڷڊТюߒࢗਤ౨䦚Ғ

ҝэтٷ൜ܐϡߒࢗਤ౨Нй֡Р࠻Ն䩟जцԝэтٷϡߒࢗਤ౨фّࣝओ٤పϡԜ

৭ߒࢗਤ౨䦚ҒҝҖϬਤ౨ܬॶҳ٣䩟ज်ӡϪ֞ߒࢗԜ৭䩟ਦज်ӡϪ֞ߒࢗӮண䦚

ЗҽϤսРߒࢗҟϬઑထϡءࡳЗҽ䩟ӆҹࡑӥءࡳ䩟ЋϦ֔ױ 5 ϬЩЗ䦚Ғҝэт

Ϩٷ 5 ϬЩЗֵ۔ЌԜ৭ߒࢗц׏ϡઑထ䩟जڶЋ؎ઑထЪԡҩߒࢗ䦚ЋϦҤ۬цӥ

ࢗ၉د䩟࠹֭ݱԟࡄϡРߒࢗԗҟϣҋઑထٷЅ䩟ӑࡄϡРࡑϡд໯䩟ӥّࣝࡄРࡑ

ࡄਤ౨ϡԐࣔРߒࢗӮண֧ঞфߵѓϺϡّࣝйߒࢗЗҽ䦙ߒ 1 䦚зњӥֲࡑଚ࣠ࣝҟ

Ϭઑထߒࢗϡᆡ਎䩟ಈѓ१әдण֚ (Card Sorting) 2 ԗӛٍѓϡّࣝйߵҤ֚Ԛӎϡ

Ѕא䩟ӆױม၉ᆡ਎ҟणҤ֚䩟ӑЋ؎ϣणઑထӛٍѓϡ䦧೫ଯ䦨䦚ӹ׍ӥຎஓण䩟ߒࢗ

ӛٍѓϡ䦧೫ଯ䦨سцߒࢗРࡄϡϣϬม၉ԛᆡ਎䦚ؑϴڀҺϡϥ䩟Ϥӎϡ೫ଯҏҽϥ

Ϥૠᕷϡ䦚سϨߒࢗϣϬࡄਡઑထЗ䩟ЄϬ೫ଯНйӎЗٍѓ䦚

3.3 㖯㬕ⰵ⥗㲓➶㣨

ӆڝԗೀཾϪ֞ߒࢗઑထϡֲҝ׍ՖҲ૘࢛д໯䦚۰܏䩟ҷ3.3.1ڝೀཾϪ֞ߒࢗ

ϡւՄ݌ҝ䩟׍ԁӔϩϡІ҃٩ઑထߒࢗҤ֚ՖҲцԝ䦚3.3.2ೀཾϪ֞ߒࢗРࡄЅӛ

ಈѓϡӡ֧Ҥ֚䩟׍ԁԚԮϡӔϩҤ֚цԝд໯䦚3.3.3ೀཾϪ֞ߒࢗРࡄЅಈѓϡਤ

౨ТюҤ֚䩟׍ԁԚԮҤ֚цԝд໯䦚

1 https://sites.google.com/site/d4jinpection
2 https://en.wikipedia.org/wiki/Card_sorting
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3.3.1 㩌⡒ⰵ⥗⡣㗰

ҮРӥࡑ䩟Ϩשӡϡ 50 ϬࡄਡઑထЅ䩟этٷзټԜ৭ߒࢗ 41 Ϭ䩟ӎЗϨ֔ࡔ 4 Ϭ

ઑထϼТюϦӮணϡߒࢗਤ౨䦚ԣ3.2Ѕ࠶оϦࡢՄϡӥّࣝࡑ䩟зњϣڊ࠶ԣϪ֞ࢗ

䦧X䦨ϬઑထфӮணߒࢗϡ࣮۵ϼԜ৭׏ϡֲҝ䦚ԣЅҟϬ؀ׄ۴ֵϡ䦧X/Y䦨ԣܾϨцߒ

ҹّࣝ䩭Nopol[64]䩟ڹҝ୐ϱІӔҮтԣϡֲࡑӥࡢ䦧Y䦨Ϭઑထ䦚ԣЅцԝϡӔϩ֞ߒࢗ

ACS[115]䩟HDRepair[52]䩟ssFix[113]䩟ELIXIR[87]䩟JAID[15]䩟CapGen[104]䦚

ԣ 3.2 Ϫֲ֞ߒࢗҝԁӔϩ֞ࡢцԝ

㦞ㅅッ⒮ Nopol ACS HDRepair ssFix ELIXIR JAID CapGen 㑉⤀㩌⡒

Chart 1/1 0/0 2/- 1/3 3/1 0/2 2/0 7/3
Closure -/- -/- 1/- 0/1 -/- 0/1 -/- 8/1
Lang 0/0 1/0 2/- 1/1 1/0 0/0 1/0 10/0
Math 0/0 3/0 1/- 0/4 1/1 1/0 1/0 7/2
Time 0/0 0/0 0/- 0/1 1/0 0/0 0/0 9/0
⧩⭜ 1/1 4/0 6/- 2/10 6/2 1/3 4/0 41/6

Ԫϼ਎ӥֲࡑҝНйтѴ䩟঎঎࣊༌Ӕϩϡઑထࡄਡй࠻ߵՆओׁ䩟этٷНй

Ԝ৭ߒࢗϽחд (82%) ઑထ䦚ԚԝҏЎ䩟۵ӓӔϩϡઑထߒࢗҤ֚䩟ߒࢗઑထϡّ֝

ϤսР 12%䦚ԷЅϣϬҰϴϡ֍ӹϥѴϩϡઑထߒࢗҤ֚ђЌߒࢗԝࠏࢹ໪ϡઑထण

໪ࠏҝԣҴ䩟цӊֲۘࡑ䦚؎ӥߒࢗঊϤЌҩࣔ޵РᎸבׯ໪ઑထϿࠏ䩟ґцӊۘࡿ

ઑထϡߒࢗҤ֚䩟ٍس঎঎٤పϩࡳϡࡄਡ੻ऎҞ֥ ࢙خѼНйϨ࣊ٷ䩟эт(Ն࠻)

ԝࢹҙϡކߒࢗ৭ଛϡӎЗϽๆ֏ҶӸߒࢗϡّ֝䦚ӹױ䩟֡Рд໯Ϫ֞ߒࢗϡРࡄ䩟

цӊ٤оۘࠏ໪ઑထϡߒࢗҤ֚ࡢϩЪϽϡࣔ܋Һॶ䦚

Ѽґ䩟Ғԣ3.2ӛܾ䩟ϨӥࡑЅэт۔ٷЌԜ৭ߒࢗ 9 Ϭઑထ䩟ԷЅϨ 6 ϬઑထϼТ

юϦӮணϡߒࢗਤ౨䩟ϨԷ൑ 3 ϬઑထϼЬϩТюحڗНй֡Р࠻Նϡਤ౨䦚ӆҹцϼ

਎єୂՖϣ܌д໯тѴԷҰϴ֍ӹϥࡄਡ࠻Նӛ٤పϡࡄਡ੻ऎϤԟࣔݱঊТюϡਤ

౨РሶׁϺ࠻Նϼۥٷڈӊэтٷઑվ֩෢ئӡҌࡧґ׹ߒࢗਠ䦚ԝҒઑထ Chart-10䩟
Էઑထ֧ঞϡۋڷڊЌϥ༗ت޵޼Պϡܒላ၌ّ܀Ѕϡئቕܒላ䦚࣠ ࣝѯӡϡ࠻Ն䩟э

тٷНйҌѬӾتՊܒላ၌ЅࡖϨܒላ䦧\䦨З׏؎༗޼Ћ䦧&quot䦨䦚࣠ࣝױ䩟этٷТю

ϡߒࢗਤ౨Ћ༗ܒ؎޼ላ䦚Ѽґӥকϼ䩟֡ РцԝԜ৭ߒࢗਤ౨тѴ䩟تՊّ܀ЅϤ঎

঎ܒላ䦧\䦨ؑϴҩ༗޼䩟ХϩЪЄԷјܒላЇؑϴणঐ༗޼䦚ӹױ䩟ॎѼэтٷТюϡ

䦚ӐԝҒઑထߒࢗϤϥѐԜԜ৭ϡ׊Ն䩟࠻ਤ౨НйԜ৭֡Рѯӡϡߒࢗ Time-6䩟Ԝ

৭ߒࢗ؎ઑထؑϴ๭ՊϣϬЈϡ៲ّ݆ѓ䩟ۥӊэтٷцݱՄ࣮۵Ϥ়ޢ๐䩟ࣔঊ۔

ЌТю֡Р࠻Նϡਤ౨䩟з׹ߒࢗټਠ䦚

֡Рϼ਎ϡӥֲࡑҝ䩟࠻ࣝ࣠܉ߊՆ٤పϡࡄਡ੻ऎӑЋࡄߒࢗࣔ܋ਡઑထϨࡆ

ԈєୂЎϿ৉ՊϤԜ৭ϡߒࢗ䩟ԔϥϨ֡׶єୂЎэт࣊ٷѼНйԜ৭ߒࢗϽחдઑ
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ထ䦚ӥࡑԣҴ䩟࣠ࣝӔϩϡ࠻Նф੅ڷڊҳّࣝϩֳܨԜ৭ࠏۘߒࢗ໪ϡઑထ䦚

3.3.2 ⛊㢭➝➈➶㣨

ӆڝцϪ֞ߒࢗРࡄЅϡӡ֧Ҥ֚ՖҲд໯фւֲ䦚ӎЗ䩟֡РԁӔϩϡԚԮ୳

ૢцԝ䩟д໯۔ϱ୳ૢϡНЌۨՖҤז䦚ЋϦҤ۬цϪ֞ߒࢗРࡄϡᆡ਎䩟йߵЋІ

҃٩ઑထߒࢗҤ֚٤పבׯϡࣔ܋䩟ӆҹ٤оϦٍѓ䦧೫ଯ䦨ϡҤܴѓϱᆡ਎Ϫ֞ߒࢗ

ϡРࡄ䦚ࡢՄϱ܇䩟ҟֺ೫ଯϥцϣ҇ӡ֧Ҥ֚ϡม၉ԛᆡ਎䦚֡Рд໯этߒࢗٷ

ϡРࡄ䩟ٍѓ१әдण֚цԷՖҲдण䩟ւֲю೫ଯ䦚цӊӡ֧Рࡄґߞ䩟ӆ࢕ڝւ

ֲоֺࢳ೫ଯ䦚Ўԣ3.3Ѕ࠶оϦҟֺ೫ଯϡ૘࢛Ҟ֥䩟ԷЅзњϣ࠶ϥ࣠ࣝ१әдण

Р࠹֭ࡄϡϨߒࢗРࡄЅٍѓϦц׏೫ଯϡઑထ࠶ԣ䦚ӆڝԗцйЎϡӡ֧೫ଯՖҲ

૘࢛д໯䦚

ԣ 3.3 Ϫ֞ߒࢗಈѓϡӡ֧೫ଯ

㩠⧟ ␉⿞ グ㗰 ⛶㱎㩌⡒☨㐯㦍

1 ޥӉദӑϢ݂ৣڴ
ڒ

ٕङЬϩҩ֡۔Р࠻Նӛ௬Ҳϡطܬ ӛϩઑထ

2 ࢬчԝЩЕՒৣڴ
Ϣڒޥ

ϱߵ૜֏йߒЌфۋਡׄঈϡࡄࣝ࣠
੅РᎸоӮНЌԛࠍϡ֧ঞ

L-1,2,4,7,9; M-5,10; Ch-2;
Cl- 9; T-1,4,10

3 ദӑ൨ᳮం߰о႒
Ѕ໢оϡఢࡄՆ௬ҲР࠻Р֡۔ࣝ࣠
ᦦҞ֥ӡ֧

L-1,5,6; M-3,4,8; Ch-4,9;
Cl-2; T-2,5,7,8,10

4 Ԏ׵Ϧؗ؃Ϣյצ
ݘेࡲ

ӡ֧ԗ఍ՊԸ֝ۨࢗߚюЋзࣔټঊ
طܬਠϡ׹Ն࠻

L-8; Cl-1,3,5,7,8,10; T-3,9

5 Ԏ׵Ϧؗ؃Ϣյצ
ݘेࡲ

࣠ࣝҏӓϡ൜ܠࡄ৩ഠݓღ׶ބ੻൜
ڷڊ৩ϡܠࡄ

L-6,8; Ch-1,7,8

6 ೯ಔॠؔ
൪Նֺ׆ࢬխطܬϡԼ֡۔ٍߚР࠻
Ն֡Р

L-3; Ch-1,9; Cl-10

7 ࣩକՇڇ ԑࡄثਡϡ௬ҲᔓপфۋЌ
L-10; M-6,9; Ch-3; Cl-9;
T-3,9

ԣЅ L䩟M䩟Ch䩟Cl ф T дԆڊԣ࣮۵ Lang䩟Math䩟Chart䩟Closure ф Time䦚

⛊㢭␉⿞ 1: طܬਡࡄ؀䩭Ӿϣֺߣ׶Ђۘڽ䦚ӆ೫ଯϡऴӆڒޥӉദӑϢ݂ৣڴ

Ьϩҩ֡۔Рϡ࠻Նӛ௬ҲЗ䩟ԷϤНЌЋоӮϡ֧ڷڊঞ䦚ӥকϼ䩟؎ֺ೫ଯϨϪ

݆֞ՆϡРࡄЅϥҩ೅ܴсٍѓ䦚ۥӊэтٷϨٍѓ Eclipse ݆ՆоӮࡄਡЗ䩟֡׶Ͽ

ٍѓԷ݆܌؀ՆۋЌ䩟ؽسҲ֡۔Рϡ࠻؀ׄՆ៲ّ䩟ٰᏈࡄਡϡҟ܌௬ҲРࡄйߵ

௬Ҳֲҝ䦚۔ҩ௬ҲϡطܬԗІ҃ҩэтٷӛಃଯ޵䦚ӹױ䩟Ϩ݆ՆϡРࡄЅ䩟ӛϩ

ϡઑထЁٍѓϺϦ؎ֺ೫ଯ䦚۵ӓϡઑထӡ֧Ҥ֚ऴӆЁϿಈѓ؎ֺ೫ଯ䩟֔ױ䩟ϣ

ԈӔϩҤ֚֡Рࡄਡܷ҃ݮә৔भцԃשϡоӮ֧ঞՖϣ[49,128]٩ހ܌䩟йڢ٤ӡ֧ϡ

ҽ䦚׺৭ଛ䩟ჭЩઑထ֧ঞކ

⛊㢭␉⿞ 2: ԣҏњ䩟֡Р࠶оӮ֧ঞש䦚ӾѯӡϣϬԃڒޥϢࢬчԝЩЕՒৣڴ
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д໯оӮ֧ঞ؝ϡڷڊйࡄߵਡֲพфۋЌНйϩٕ݌ङ޵ϣԈЃвϱϤՌоӮϡڊ

䦚ϨӥকϡٍѓЅ䩟؎ֺ೫ଯНйࡧҌࡑϡҮٷ༌эт࣊ࢹԝ׶ঞ䦚؎ֺ೫ଯ֧֡ڷ

ఱцϤӎཇ֏ϡࡄਡׄঈ䩟ԝҒϣֺٷڈطܬϣϬ៲ّҳ䦚д໯этٷϡ݆ՆРࡄт

Ѵ䩟Ϩ៲ّٛԆٍѓ؎ֺ೫ଯ֡ࡢ׶ϩԝࢹϮϡԣѴ䦚سӾѯӡϣϬԃשоӮ៲ّ࠶

ԣ䩟эт֡ٷРд໯៲ّئ෥ٕङ޵ϣԈԜ৭ϡ៲ّ䦚֔ױ䩟Ϩ݆ՆРࡄЅ䩟этٷ

тѴйЎҖֺ೩тܴ੻जНйᔅࡾԷӥѴҙ݌сٕङԜ৭֧ঞ䦚

1. ӾϣϬ៲ّϥ࠻Ն៲ّӆӱٷڈϱІӊࡆϬ֡ѓϡᆟ䩟जԷоӮϡมଛԝࢹЩ䦚

2. Ϩ Java ϨЄϬ䩟ࡖЌ៲ّНЌۋԛ䦚ӎئݮϡЄߞܬࡄ൜ࢣцזӊӌۥਡЅ䩟ࡄ

ԔӥকϼђϩϣϬ៲ّӥѴϦࡢՄϡۋ֚ڲЌ䩟Էј៲ّђϥЋϦޕঞϣԈࢪ

Ҥ݆۬ѓّ܀ڶ ीЋ׶֡) wrapper ៲ّ)䦚֡ ϸԈ׶ wrapper ៲ّϤѿНЌоӮ䦚

ؑϴڀҺϡϥ䩟ϼ਎ٕङԃשоӮ֧ঞϡҤ֚ؑϴ࣊༌ࡄਡ؃ϡэтҮࡑ䦚଴۴

Л䩟ٍسҩٕङ޵ϡ֧ڷڊঞЇϥࡖϨоӮϡНЌԛϡ䩟ђϥԚԝࢹґߞ䩟ԷоӮϡ

มଛϿԝࢹЩ䦚ӥ࢙ࡑҴ䩟؎Ҥ֚ϨϪ݆֞ՆϡРࡄЅۘ׶ϩ݌䩟ϣԈઑထНй঎঎

࣊༌ӆ೫ଯйߵ೫ଯ1ϲНйӥѴކ৭ϡӮண៲ّ֧ঞӡ֧䦚

֘ 3.1 ઑထ Chart-2 ϡ݆ѓԮܾڍҺ֘

ԝҒϼ֘3.1ܾࣁϡϥઑထࡄਡ Chart-2 ϡ៲ّ݆ѓԮܾڍҺ֘䩟ϼ֘ЅӔҮٕ

ङ޵Ϧ۔௬Ҳϡ៲ّ䦚ٕङ޵ᆟ៲ّ (ԝҒDouble.isNaN) ф؀ߣϡ wrapper ៲ّ (ԝ
ҒiterateDomainBounds(XYDataset)䩟֘3.1ЎחдܾࣁϦ؎៲ّ੅ڷڊ)䩟ൊЎНЌоӮϡ៲

ّजђϩiterateDomainBounds(XYDataset, boolean)䦚ґӥকϼ䩟؎៲ّϲϥоӮϡڷڊӛϨ

֧ঞ䦚֡Рд໯НйтѴ䩟ϼ਎Р׍ࡄϤؑϴцࡄਡϩԟݱϡԑثӎЗЇϤؑϴҌѬ

Ҥ֚[84]࠻੻ऎҞ֥䦚Ӕϩઑထবݱਡϡԟࡄ ԁϼ਎Рࡄԝࢹणঐ䩟؎Ҥ֚֡Рਖ୞ϣ

Ϭব࠻থࡿЋҟϬԃש៲ّϡоӮНЌԛӋд䦚Ԕϥ䩟Ѵϩϡઑထব࠻Ҥ֚Ұϴ࣊༌
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ڍ෥䩟ԝҒϼຎЅೀཾϡ៲ّ݆ѓԮئҲЗϡؽਡࡄഒߎ෥Ҟ֥䩟Ьϩئݮݔਡϡࡄ

ҳ䦚ӹױ䩟ֲׁࡄਡϡ҃ؽݮҲЗئ෥ϩֳܨՖϣڢ٤܌ѴϩҤ֚䦚

⛊㢭␉⿞ 3: ദӑ൨ᳮం߰о႒䦚ӾؽҲ֡۔Р࠻ՆЗ䩟ҒҝࡄਡЅϩ஬׶ (Ex-
ception) ໢о䩟जНй֡Рд໯Ӌ୅ϡ஬׶Ҟ֥ᔅࡾӡ֧䦚֡׶єୂЎ䩟ϨӋ୅оϱϡ

஬׶Ҟ֥Ѕدଭ៲ّ݆ѓᦦ䩟࠻سՆ௬ҲРࡄЅ៲ّϡ܏њ݆ѓԮڍ䦚࣠ࣝҮࡑ䩟ࡄ

ਡоӮϡ֧ঞ֡׶யؽڒҲЗ໢о஬׶ϡ֧ঞԝײࢹ䦚ӹࣝ࣠ױӋ୅оϡ֧ঞ࠶ԣН

йࡾݨэтٷҙ݌ӡ֧䦚ϨϪ݆֞ՆϡРࡄЅ䩟؎೫ଯϨ 15 ϬࡄਡઑထϼӥѴކ৭

ӡ֧䦚ԝҒЎ֘3.2Ѕӛܾࣁϡϥઑထࡄਡ Lang-1 ϨؽҲ࠻ՆЗකтϡࡄਡ஬׶Ҟ֥䦚

Ԫ֘ЅНйтѴԃשоӮ֧ঞϩ؝ࢳ䩟࣠ ࣝ೫ଯ2ϢЙ۰܏Нйٕङ޵ӓٚϬоӮ֧ঞ

(ҷ 1-5 Ҳ) йߵзњϣϬ (ҷ 7 Ҳ)䦚ԷЅӓףϬ֧ঞϥᆟ៲ّґ֔ࡔҖϬ֧ঞдԆϥ

wrapper ៲ّ (֘ЅܾࣁϦц׏ϡ੅ڷڊ) ф࠻Ն៲ّӆӱ䦚ӹױ䩟ଂϣНЌоӮϡ៲ّ

֧ঞسЋԃ֧שঞЅϡҷࡏϬ֧ঞ䦚ӥকϼ䩟ϼ਎ڷڊϡѐӥઑထ֧ঞϨϼ਎ԃש៲

ّЅ䩟Ғ֘Ѕӛܾࣁϡҷ 469 ф 472 Ҳڷڊ䦚ӔϩϡϣԈ୳ૢӔҮҺࡧϺ؎Ҟ֥ϡӑ

ѓ[106,130]䩟׏׍ѓԷڢ٤ѴϩҤ֚ϡ݌ҝ䦚

֘ 3.2 ઑထ Lang-1 ϡ݆ѓᦦܾҺ֘

⛊㢭␉⿞ 4: Ԏ׵Ϧؗ؃Ϣյݘेࡲצ䦚ϨࡆԈєୂЎ䩟Ӿ֡۔Р࠻ՆؽҲ׹ਠЗ

ϿӎЗ఍оֳ׈ϡߚԁѐӥϡؽҲߚ䦚Ѽґ䩟ӥকϼϨ࠻ՆؽҲϡРࡄЅ࠻Նϡֳ׈

఍оߚНЌӔҮݘТ䩟ϨڦњϡڲڋРࡄЅۥӊϤԜ৭ϡࣔۨࢗঊ࠻Ն׹ਠ䦚ӹױ䩟װ

ϺࡄਡؽҲРࡄЅߚֳ׈ҩۨࢗюЋоӮߚϡ֧ঞНйࡾݨӡ֧оӮڷڊ䦚ױЗ䩟ࢗ

ϩЪϽНЌоӮ䦚طܬԷӛ࣊༌ϡٷڈطܬϡߚۨ
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֘ 3.3 ઑထ Closure-1 ҲֲҝؽՆ࠻ਠ׹

ӥকϼ䩟؎೫ଯђఱцئӡϡ࠻ՆࡄਡϿϩԝࢹϮϡ݌ҝ䩟ԝҒ࠻Նϡ఍Պّࣝ

Ѕ䩟؎೫ଯҰϴҩѓϺࡄРࡑϮϡֲพԛ䦚Ϩӥࢹϩԝࡢ Closure ࣮۵ϼϡԚԮઑထ

ӡ֧䩟ӹЋԷ࠻Նϡ఍Պّࣝϥ JavaScript ϮϡֲพҞ֥䦚ԝҒࢹϩԝࡢ䩟ݫәڷڊ

֘3.3ЅӛܾЋؽҲઑထ Closure-1 ϡ֡۔Р࠻Նϡ఍оҞ֥䦚Է࠻Նϡ఍Պϥڷڊә

ϡֳ׈䦧a䦨ҩ࿋ङϦ䩟ґّ܀ЅϡݫәڷڊՆ఍отѴ䩟࠻window.f=function(a){}䦚д໯ݫ

఍оϥفخ؎׏ϤԸ䦚࣠ࣝԷ఍ойٰߵᏈ࠻ՆؽҲНйװϺϼ਎ϡ఍оӮணϥۥӊ

݆ѓϦϣϬ៲ّࣔঊϡ䦚ӹױ䩟؎៲ّ݆ٷڈѓ؎៲ّϡࡖڷڊϨӮண䦚ԁױҤ֚Ԛ

ঐϡӔϩ୳ૢϥई஬٩݆Ն䩟ӎ҈ϥ֡РцԝࡄਡؽҲЗϡֵࡖ૮ݮҞ֥ӥѴઑထӡ

֧䦚ԔϥӔϩϡҤ֚࣊༌Ϫ်֞आֵࡖ૮ݮϥਦׁ֚䦚ӛй䩟этІ҃٩ϡӮண૮ݮ

ϡ݆Ն૎஍䦚ٷэтࠍઁ݌ԆҤ֚Нйϩࡧ

⛊㢭␉⿞ 5: ຄߑዑޘ່ࣩࠍ૗Ϣ۪ܣ䦚ࡄ܉ߊਡђϴላׁ֚ܬऎଚϲНйؽҲ䩟

ԔϥэтٷϨ൜ڷڊܐЗ֡׶ϿᗆိϣԈ൜ࡄ੻౒䩟йڷڊڢ٤ϡНԑثԛфНࣇۅ

ԛ䦚ԝҒ䩟ࡄਡЅӡॶϡԸ֝Ӝी֡׶Ͽ׏ބԸ֝ϡणڊٷڈࡿԣϡܬॶҞ֥䦚Ӿࡄ

ਡЅࡖϨღބϣԈ׶੻൜ܠࡄ৩ϡڷڊЗϿϩԝࢹϽϡоӮมଛ䦚ԝҒࡄਡЅоѴϣ

ϬԸ֝䦧size䦨䩟जԷԼߚϽมଛϤϿϥ૎ّ䩟ਦजНЌϿකтࡄਡоӮ䦚ԝҒϨ C ߞܬ

ЅҒҝࡖϨϣֺطܬ䦧if(a=0)䦨䩟ज؎طܬϩԝࢹϽϡНЌϥணө䦧==䦨ܐюϦ䦧=䦨䦚ӹױ䩟Ԝ

৭ࡧԆࡄਡЅϡღބԜ׶൜ܠࡄ৩ڷڊӎ҈Нйᔅࡾઑထϡӡ֧Рࡄ䦚ઑထݮݔഠݓ

䩟ԝҒײϡऴӆ֍ԑԁ؎೫ଯԚࡢ֞ FindBugs[5] ࣠ࣝϣԈবӡॶϡϤԜ৭ڷڊথܴ֡

Рݮݔд໯װݓоӮڷڊ䦚

⛊㢭␉⿞ 6: ೯ಔॠؔ䦚؎೫ଯҰϴఱцֺխطܬӮண䩟֡Рֺ׆ࢬխطܬϡԼߚ

ྋٍࡄਡؽҲϺϤӎϡֺխдݒЅ䦚Ғҝ؎Ҥ֚НйٍЏ࠻ՆԜ৭֡Р䩟Էц׏ϡֺ

խسطܬЋоӮϡ֧ڷڊঞ䦚؎೫ଯфӔϩϡІ҃٩஼୫׆ࢬҤ֚णঐ䩟ϤӎѢϨӊ

Ϫ݆֞ՆРࡄЅϤϿ൪Նཱྀϣ׆ࢬӛϩϡֺխطܬ䦚ђϩӾ݆ՆڷڊϡдֺݒխϤϥ

Ъߒ૜䩟׍ॸНйЪ်ډبआоۨԸֺխҏњؽҲֲҝϥਦԜ৭З䩟этٷҥϿٍѓ
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؎೫ଯ䦚ԝҒЎӌϡڷڊ (Listing 3.1) ϥઑထࡄਡ Lang-3 ϡӮணڷڊ䦚Ӿ࠻Նϡ఍Պ

ϥ3.40282354e+38З䩟Էֳ׈ၖҘϡϥϣϬDoubleणّࣝࡿ䩟ґӥক఍оϥFloatणࡿԸ֝䦚

д໯ڷڊϿтѴ䩟ҒҝڷڊЅҷ 3 ҲϡֺխЋ޳䩟जҷ 6 ҲЅϡDoubleणࡿԸ֝ϿӑЋ

ֲҝၖҘ䦚࣠ࣝױ䩟ҷ 3 ҲЅϡֺխϩࢹϽϡมଛоӮ䦚Ԫ؎ຎжЅНйтѴ䩟؎Р

д໯ϲНйЏϺֲҝ䦚ԔϥӔϩڷڊ؀ϡߣՆ䩟ђؑϴ࠻ҲؽߒϤؑϴԳ׍ٷэтࡄ

ϡІ҃٩஼୫׆ࢬҤ֚ԚԝϪ֞Ҥ֚ࡢϩѸמϡڲڋЌҨ䩟ӹ޸ױѓϡ౒ࣻЇϿѸܲ䦚

1. try{ // ☕㨏㗷⏩➶☨⒌⛪⏥⒔⥙ 7 㖫⏯⶙㮾㖳㱫 Float ⹮㨻⌏㺆ⲽ⛪

2. Float f = createFloat(str);

3. if (!(f.isInfinite() || (f.floatValue() == 0.0F && !allZeros))) return f;

4. } catch (NumberFormatException e) {}

5. try { // ☕㨏㗷⏩➶☨⒌⛪⏥⒔⥙ 16 㖫⏯⶙㮾㖳㱫 Double ⹮㨻⌏㺆ⲽ⛪

6. Double d = createDouble(str);

7. if (!(d.isInfinite() || (d.doubleValue() == 0.0D && !allZeros))) return d;

8. } catch (NumberFormatException e) {}

Listing 3.1 ઑထࡄਡ Lang-3 ϡઑထڷڊәݫ

⛊㢭␉⿞ 7: ࣩକՇڇ䦚д໯ϼ਎ϡӪֺ೫ଯНйтѴ䩟Ͻחд೫ଯϤؑϴԟҪԑ

৭ϡӡ֧䦚Ѽґ䩟ӥকކࢹНӥѴس෥Ҟ֥ئдחਡϡࡄЌ䩟ђؑϴ࣠ࣝۋਡϡࡄث

ϼ࣊ѼࡖϨϣԈઑထ䩟֡Рϼ਎ϡӪ҇೫ଯ׍ϤЌӡ֧оӮڷڊ䦚ױЗ䩟цࡄਡחд

ԗԷא䩟ӆࡄ૜ϡϪЋРߒࢹϥϣϬԝثਡԑࡄϴϡ䦚Ѩӥϼ䩟ۓ׶ϥۘثЌϡԑۋ

ւֲЋэтٷᆨׁϤӎҞ֥цԃשоӮ֧ঞϡϤआ٩ٕހਡРࡄ䦚ϨױРࡄЅ䩟эт

ܬЅϡІѼڷڊࢴثߵйܒՆϡ௬Ҳєୂ䦙Ը֝Ӝ࠻䦙ڷڊਡϡӥѴࡄثϿ൪Նԑٷ

݌Ҥ֚٤పϩߒࢗॸԷцІ҃٩ϡ׍䩟ثՊϡԑٹӊ۵ӓц؎೫ଯઑྩۥ౥ҳ䦚ڀߞ

ϡࣔ܋Ҟ֥ϩࡳ䩟ӆאцԷϤ҂૘࢛ث౥䦚

㨏ⰵᱶ࣠ࣝӥ࢙୳ૢЅцэтٷϡӡ֧Ҥ֚ೀཾНйтѴ䩟ϣחдӡ֧೫ଯӔҮ

ҩѴϩϡӡ֧৔भӛಈѓ䦚Ѽґ䩟࣊ѼࡖϨϣԈ೫ଯ׍Ьϩ׏ѓϺӔϩϡҤ֚Ѕ (ԝҒ

೫ଯ2) Ьϩࣘдт༯Էӑѓٷڈ (Ғ೫ଯ4)䦚֔ױ䩟࣠ࣝԣ3.3䩟⵺➂㸃㵀♛㗎⥙⒴㺲
㟜⒋㟠㖫㖳㱫⏥㟠☨␉⿞㖯㦆㽜㐵⛊㢭䩟ԝҒӡ֧ઑထ Lang-1 ЅϡઑထӎЗٍѓϦ೫

ଯ2ф೫ଯ3䦚ӹױ䩟֡РֲׁϤӎϡ೫ଯϩڢ٤ֳܨӡ֧ϡކ৭ԛ䦚

3.3.3 ⏣⛃㔶⒱➝➈➶㣨

ӆڝцϪ֞ߒࢗРࡄЅϡਤ౨ТюҤ֚ՖҲ૘࢛сд໯фւֲ䦚ӎЗ䩟ӆڝЅϿ

ֲׁӔϩϡઑထߒࢗҤ֚д໯Ϫ֞ߒࢗРࡄЅӛಈѓҤ֚ϡހઑѢ䩟Ћ۔ϱЈҤ֚٤

పϩ݌ϡࣔ܋䦚ԁд໯Ϫ֞ӡ֧Рࡄणঐ䩟ӆڝӎ҈ಈѓ䦧೫ଯ䦨ϡᆡ਎ҤܴւֲϪ֞

ਤ౨ТюҤ֚䦚֡Рд໯䩟ӆڝւֲϦֺࢳਤ౨Тю೫ଯҒЎԣ3.4ӛܾ䦚בЎϱ䩟ӆ
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ԗцϸԈ೫ଯֺཱྀд໯ւֲ䦚ڝ

ԣ 3.4 Ϫ֞ߒࢗಈѓϡਤ౨Тю೫ଯ

㩠⧟ ␉⿞ グ㗰 ⛶㱎㩌⡒☨㐯㦍

1 ᅏԪِހ൷ຄߑ
цࢣ৉ѓҏӓцԷՖҲ܋׺ఱഠݓй
೬܋׺ݪఱ஬׶

M-4; Ch-4; Cl-2

2 ሬҵ࣠քؗ؃؁һ
Ն៲ّЅϡ࠻ࣝ࣠ Assertion ၖҘבׯ
ϡֲҝֳ׈

L-2,7,9; M-3,5,10; T-1,3

3 ჀࡓϤϲՑੰյצ
Ϩӑѓ෢౒ֵٍࣻѓࡢϩԚӎणࡿф
ԚঐԸ֝ӜϡԸ֝༗޼оӮԸ֝

L-6,8; Ch-7,8

4 ѐՕ࣠քദӑ֣ᔓ цԝԚঐ఍Պϡ࠻Ն௬ҲբዓҞ֥ L-2,5
5 ධۡܣ႒۪ڇ ౥ڀڷڊᆡ਎ϡߞܬ໯ІѼث M-9; Cl-1,5,7,9; T-8,9

6 ઇᇒՑੰ۪ܣ
цϤоӮڷڊфԚঐڷڊТюߒࢗਤ
౨

L-4,5; M-6,8; Ch-1,2,7,9;
Cl-3,8,10; T-5,7,10

7 ࣩକՇڇ ԑࡄثਡϡ௬ҲᔓপфۋЌ
L-1,3,9,10; M-6,9; Ch-2,3;
Cl-3,8; T-1,2,4,10

ԣЅ L䩟M䩟Ch䩟Cl ф T дԆڊԣ࣮۵ Lang䩟Math䩟Chart䩟Closure ф Time䦚

⏣⛃㔶⒱␉⿞ 1: ᅏԪِހ൷ຄߑ䦚Ӿࡄਡ৉т܋׺ఱ஬׶З (NullPointerException)䩟
ϣϬ׶ѓϡߒࢗҤ֚ϥЋ৉тӮணϡԸ֝ྔӸ܋׺ఱഠݓ䦚Ғҝ஬׶ϥۥԸ֝x৉вϡ䩟

ъА֡׶ϡߒࢗҤܴϥྔӸֺխx!=nullϱءࡳцԸ֝xϡ৉ѓ୙ӑ䦚ԝҒЎӌϡӥຎڊ

ڷ (Listing 3.2) Ѕ䩟ؽҲ࠻Ն៲ّЗ䩟ۥӊϨҷ 5 Ҳ৉ѓϦԸ֝rࣔঊϦ܋׺ఱ஬׶䩟Է

Ҥ֚ϥϨҷߒࢗ 4 Ҳ๭ՊϦц؎Ը֝ϡഠֺݓխՖҲߒࢗ䦚Ѩӥϼ䩟ϼ਎ຎжЅϡࢗ

ϤЌ؀৞࣠ࣝ؎೫ଯТю䩟ӹЋԷϩНЌϥ៲ّgetRendererForDataset(d)оӮࣔঊၖ׍ߒ

ҘϦӮணϡ܋׺ఱԸ֝䦚этٷзњܐо؎ߒࢗਤ౨࣊ࣝҖѢѨӥ䩭(1) ѓ؎ਤ౨Н׏

й೬܋׺ݪఱ஬֡׍׶Рӛϩ࠻Ն䩮(2) ࣠ࣝҷ 3 ҲЅϡڷڊ䩟៲ّgetRendererForDataset

(d)ၖҘnull׏ߚ؎ϥׁԑϡ䩟ਦٷϤؑϴцԷՖҲഠݓ䦚ᆨׁϼ਎ҖѢ䩟ߒࢗਤ౨ҥЏ

йԜ৭Тю䦚؎Ҥ֚фӔϩϡऴӊϪ֞থ५ϡߒࢗҤ֚Ԛঐ䩟ԝҒ PAR[46] ЅࡖϨϣϬ

থ५ϲϥྔӸ܋׺ఱഠݓ䦚Ѽґ䩟ۥӊؑϴϪ֞ӡॶথ५䩟؎Ҥ֚޸ѓ౒ࣻϩࡳ䦚

1. XYItemRenderer r = getRendererForDataset(d);

2. if ( isDomainAxis ) {

3. if ( r != null ) { result = Range.combine(result, r.findDomainBounds(d)); } ... }

4. + if ( r != null ) {

5. Collection c = r.getAnnotations(); // ㈛ⓞ NullPointerException

6. Iterator i = c.iterator(); ...

7. + }

Listing 3.2 ઑထࡄਡ Chart-4 ϡߒࢗਤ౨ڷڊ

⏣⛃㔶⒱␉⿞ 2: ሬҵ࣠քؗ؃؁һ䦚Ϩ઱խэтϡРࡄЅ䩟֡ࡖ׶ϨϣԈئቕ
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ϡؑߚ֎׷ϴՖҲئቕϡ؝ԑ䦚этٷϩЗϿ۲֭цϸחдئቕߚϡ؝ԑ䩟৉тࡄਡ

оӮ䦚ӹױ䩟ߒࢗ؎णࡿϡӮண䩟ϣડϡߒࢗҤ֚ϥ๭Պطܬif(c)return v;䦚ԷЅcϥ

цئቕߚ֎׷ϡഠݓ䩟Ӿֺխ߿ٶЗבׯၖҘϣϬئӡϡߚv䦚ӹױ䩟Ғҝ֡۔Рϡ࠻

ՆЅѯоϦֳ׈ϡၖҘߚ ڷڊ䦚ԝҒЎӌϡܾຎߒࢗѓϼ਎থ५ӥѴࠇ䩟जНй(vس)

(Listing 3.3) ϥ Math-3 ϡ֡۔Р࠻Ն䩟ҒҝНйԜ৭ࡧԆ఍Պّॵϡӗ֏lenЋ 1 ϥ׷֎

ҝֲֳ׈Նϡ࠻䩟ज࣠ࣝߚ (a[0]*b[0]س) НйЪډبЏϺц׏ϡߒࢗЋif(len==1)return

a[0]*b[0];䦚ӥকϼ䩟ӔҮࡖϨߒࢗҤ֚ (ACS[115]) ಈѓ؎೫ଯТюߒࢗਤ౨䦚Ԕϥٍ

ѓ؎೫ଯϡӓ٤ϥϴЌԜ৭ࡧԆоئቕߚ֎׷䩟ਦजࣔډبঊߒࢗਤ౨РሶׁϺѯӡ

ϡ࠻ՆϼґߒࢗӮண䦚ӹױ䩟ACS ЅಈѓϦϣԈڋࢅϡҤ֚೬ݪӮணߒࢗਤ౨ϡТю䦚

ԋϡઑထ䦚׶ࢹϣԈԝߒࢗѓӊ޸ҰϴױԚԮ䩟ӹߚ֎׷ӊ؎೫ଯϡٍѓֺխϴؒфۥ

1. void testLinearCombination() {

2. double[] a = { 1.23456789 }; double[] b = { 98765432.1 };

3. Assert.assertEquals( a[0]*b[0], MathArrays.linearCombination(a,b), 0d);

4. }

Listing 3.3 ઑထࡄਡ Math-3 Ѕ֡۔Рϡ࠻Ն៲ّ

⏣⛃㔶⒱␉⿞ 3: ჀࡓϤϲՑੰյצ䦚ӾࡄਡЅࡖϨЄϬԸ֝ࡢϩԚঐϡԸ֝Ӝी

З䩟этٷϿۥӊౢ⁀Ը֝ϡٍѓґࣔঊࡄਡӮண䦚ӹױ䩟ϣ҇ϩ݌ϡߒࢗҤ֚ϥѓ

ԚঐϡԸ֝༗޼оӮԸ֝䦚ϸϣֺ೫ଯ֡׶ԁӡ֧೫ଯЅϡຄߑዑޘ່ࣩࠍ૗Ϣ۪ܣ

ӊԸ֝ϡӮணٍѓࣔঊϡ䩟ӛйԷٍѓ౒ۥϥ׶ϡઑထ֡ߒࢗӊ؎೫ଯۥӎٍѓ䦚࢕

ࣻԝࢹϩࡳ䦚Ϩӥࡑд໯Ѕ䩟ђϩףϬઑထٍѓϺϦ؎೫ଯ䦚

⏣⛃㔶⒱␉⿞ 4: ѐՕ࣠քദӑ֣ᔓ䦚ϣડєୂЎ䩟࣮۵ЅϿࡖϨЄϬ࠻ՆӎЗ

ݨНйݮਡ૮ࡄЅϡࡄҲРؽՆ࠻Рф֡Р֡۔䦚֡Рцԝ࡮ЌথۋՆϣϬԚӎϡ࠻

ላܒՆ៲ّϡ఍ՊϥϣϬ࠻Ѕ䩟ࡄਠϡ֍ӹ䦚ԝҒϨϪ݆֞ՆϡР׹Ն࠻д໯ࣔঊࡾ

၌䦚֡Рцԝ࠻ՆؽҲّࣝтѴ䩟ӾتՊ៲ّЅϡܒላ၌دّ܀ଭ䦧#䦨З䩟࠻ՆؽҲ׹

ਠ䦚Ԛބϡ䩟ӾϤدଭ䦧#䦨З䩟࠻ՆҪ֡חР䦚ױۥНй်आ䩟ܒላ၌Ѕدଭܒላ䦧#䦨ϩ

ЪϽมଛؑϴئቕ؝ԑ䦚ӹױ䩟؎೫ଯֲׁ֡׶Էј೫ଯ࢕ӎٍѓ䩟ԝҒሬҵ࣠քؗ

؃؁һ䦚؎೫ଯфᅝᜨࡄਡЅϡϤԸ֝णঐ[15,101]䩟ԔԚԝӊᅝᜨࡄਡЅϡϤԸ֝Ҥ֚䩟

؎೫ଯђцԝϣϬԜ৭ϡ֡Р࠻ՆजНйЏϺߚ֎׷䩟ԔѴϩҤ֚࣊༌ЪЄԚײϡ࠻

Ն఍Պ䩟Ϩ۵ӓ࠻ՆԝࢹୟϡєୂЎԣѴ׍ϤԑЂ䦚ӹױ䩟Ғ֡ڢ٤حРվّ֝ࣝࡧ

ԆࡄਡЅϡϤԸ֝цӊڢ٤ਤ౨Тюϡ֝ڱϩЪϮϡࡾݨӑѓ䩟ӎЗНйϨϣӡࡄ֏

ϼעࡽц࠻Նמ֏ϡ࣊༌䦚

⏣⛃㔶⒱␉⿞ 5: 䩟ϣԈࣇۅ઱խϡڢЅ䩟ЋϦ٤ࡄਡэтϡРࡄධ䦚ۡܣ႒۪ڇ

ऎଚҳ䩟දԷϥϨڷڊߵЌйۋϡڷڊ౥ЛҴѓϱᆡ਎ڀڷڊЌϿปϩۋڷڊ Java ܬ
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ਡЅϿϩࡄϡߞ Java ҹ့ (Javadoc) ԑࡾݨ౥НйڀЅϡڷڊ䩟֡Рд໯ױ౥䦚ӹڀ

ਤ౨ߒࢗЎӌϡߒࢗ䦚ԝҒߚቕئϺ৉тӮணϡװבׯЌ൬۠ۋڷڊث (Listing 3.4) ϥ
๭ՊϦҷ 3 Ҳڷڊцّ܀ԼߚՖҲ်आ䦚࣠ࣝԷڀ౥ᆡ਎НҌ䩟ّ܀hoursϡԼ׏ߚ؎

Ϩ-23 ф 23 ҏҽ䩟ֲׁԷ࠻Նϡֳ׈఍о (໢оIllegalArgumentException஬׶)䩟ТюЎӌ

ϡߒࢗਤ౨ϿډبЪЄ䦚۵ӓ䩟؎೫ଯϨӔϩϡߒࢗҤ֚Ѕٍѓԝࢹվ䩟ҰϴХϥд

໯ϣԈࡢϩئӡֲพϡّࣝ䩟ԝҒ໢о஬׶ण[115]ࡿ䦚ԷҰϴ֍ӹϥڀ౥֡ۥ׶ІѼܬ

䦚ԝҒ࣠ࣝҷ֏ࡄϡث৔भХϤЌܼϺϪ֞ԑثԑߞܬᆡ਎䩟ґѴϩϡІѼߞ 8 Ҳϡ

౥Тюҷڀ 9 Ҳϡਤ౨ڷڊ䩟цӊѴϨϡІѼ؝ߞܬԑҤ֚ХԡйӥѴ䦚

1. // the offset in hours from UTC, from -23 to +23

2. public DateTimeZone forOffsetHM(int hours,int minutes) throws IllegalArgumentException{

3. + if ( hours < -23 || hours > 23) throw new IllegalArgumentException();

...

8. //The DOS command shell will normalize "/" to "\", so we have to wrestle it back.

9. + filename = filename.replace("\\", "/");

Listing 3.4 ߒࢗࣔ܋౥ڀڷڊ໯ث

⏣⛃㔶⒱␉⿞ 6: ઇᇒՑੰ۪ܣ䦚֡׶єୂЎ䩟ࡢϩԚঐۋЌϡࡄਡڷڊЇϿࡢϩ

Ԛঐϡֲพ䩟දԷϥцӊӎϣϬ࣮۵Ѕϡڷڊґߞ䦚ӹЋӎ࣮۵Ѕϡۥ׶֡ڷڊӎϣ

ϬэтٷڈٷӎϣϬࣕࠬӛ൜ܐ䩟Ϩڷڊը۴ϼࡢϩϣӡϡԚঐԛ䦚֔ױ䩟ӌזцࢣ

ڷڊ䩟֡РцԝԜ৭ϡԚঐױϨ䦚ӹࡖЌ៲ّϡۋЇϿࣔঊϣԈԚঐّ៲ݮЅЄߞܬ

ϡמࢹϩࡢڷڊϣҤӌԚঐࡔҽНйЏϺҴࣸϡჭЩ䩟׺ϣҤӌԷഎ౱ڷڊоӮߒࢗ

Ԝ৭ԛࣔ܋ӑѓ䦚ԝҒЎӌӛڷڊ࠶ (Listing 3.5) ϥߒࢗઑထ Chart-9 ϡਤ౨䩟Ϩҷ 2
Ҳ๭ՊϦϣϬЈϡifֺխطܬ䦚޴ൌڷڊНйтѴ䩟ҷ 1 ҲЅϡӔϩڷڊНйЋߒࢗ

ਤ౨٤పࣔ܋Ҟ֥䩭Ϩئቕֺխ߿ٶЗޕ؎׏ঞԸ֝emptyRangeϡߚЋtrue䦚؎ຎжђϥ

ڷڊӡԚঐݸЅНй؇єୂࡄРߒࢗ䩟ӥকϼϨѐӥϡڷڊдϡԚঐחѓϦЪЩϣ׏

ϡཇ֏䦚ӔϩϡϣԈҤ֚Ї൪Նߒѓ࣮۵ЅϡӔϩڷڊ䩟ԔϥۥӊԷҤ֚ϤࡧԆڷڊ

ϡԚঐԛٷڈϤЌЪϮϡࡧԆԚঐڷڊϡܬॶҞ֥߃юϤԜ৭ϡڷڊ৉ѓґТюӮண

ਤ౨[51]䦚؎೫ଯϨэтϪ؃ϤԑࡄثਡϡۋЌЗࡢϩЪϮϡࣔ܋ӑѓ䩟ϨϪ݆֞ՆР

ࢗӮண䦚ӥকϼ䩟цӊІ҃٩ϡઑထڷڊӎҹխЅϡߒࢗѓӊ׏Ѕ䩟؎೫ଯҰϴҩࡄ

ϡഎ౱౒ࣻ䩟ԝڷڊԚঐࣁᇓ܌ЌҨ䩟НйՖϣڲڋϡמϩѸࡢӊԷۥ䩟ߞҤ֚ґߒ

ҒݱϬ࣮۵൬۠э੅࣮۵ᆟ䦚

1. if (endIndex < 0) emptyRange = true;

2. + if (startIndex > endIndex) emptyRange = true;

3. if (emptyRange) { ... }

Listing 3.5 ઑထࡄਡ Chart-9 ϡߒࢗਤ౨
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⏣⛃㔶⒱␉⿞ 7: ࣩକՇڇ䦚фӡ֧Рࡄणঐ䩟ॎѼϼ਎Ҥ֚ϩ݌Ԕ׍ϤЌߒࢗӛ

ϩϡઑထ䦚Ϩϼ਎Ҥ֚Ѫ݌ϡєୂЎ䩟этٷϿ൪ՆԑࡄثਡϡᔓপۋЌ䩟ࣝ࣠׍ԑ

Էјֲׁ܌ਤ౨НйՖϣߒࢗӛТюϡثਡԑࡄЅ䩟֡РࡄРױਤ౨䦚Ϩߒࢗܐ൜ث

ϡ೫ଯцਤ౨ϡԜ৭ԛՖҲ်आ䩟ԝҒ൜ܐϡਤ౨ᇎߵϺߚ֎׷ഠݓ䩟जНЌؑϴֲ

ׁэтҮࡑ䦙࠻Նйڀߵ౥Ҟ֥ҳ䦚ӆאц؎೫ଯϤ҂૘࢛ೀཾ䩟ӑЋ۔ϱ֞ӑٹՊ

୳ૢ䦚

㨏ⰵᱶфэтٍٷѓϡӡ֧೫ଯणঐ䩟חдਤ౨Тю೫ଯӔҮҩѴϩϡࡢ֞ߒࢗ

ٍѓ䦚Ԕϥ䩟этٷӛٍѓϡ೫ଯцӊэтЈϡІ҃٩ઑထߒࢗ৔भࡢϩЪϮϡࣔ܋

ӑѓ䦚ԝҒ೫ଯ4֡РцԝЄϬ࠻Ն௬ҲРࡄЅࡄਡؽҲ૮ݮϡई஬ϱԐआࣔঊࡄਡо

Ӯϡئ֎׷ቕߚНйӑЋѴϩҤ֚ϡЪϮਤࣘ䦚֔ױ䩟Ԫϼ਎ϡд໯НйтѴ䩟этٷ

ϨߒࢗϡРࡄЅϿ࣊༌ԷҏӓϡߒࢗҮࡑ䩟ԝҒцӊ೫ଯ೫ଯ2ф೫ଯ3䩟этؑٷϴ

Ϥ࣊༌׍ٷэтࡄजҳ䦚Ѩӥϼ䩟ϼ਎РކԸюބϥਦღߵйߚ֎׷৭်आоӮϡކ

Ͻ֝ϡԳۨࢗߒҮࡑ䩟سэтٷНйԪҏӓϡࡆϣҋۨࢗҮࡑЅ۬Н٤ԼНйߒѓϡ

থܴ䩟ԷҰϴ֍ӹϥ⵺➂㸃㵀㝗㐟ㄩ⊓㖫⶙㮾⢗⳯㋦⵺➂ⲿ㬕ۨࢗ (✚⏥㗁㩌⡒ⲿ㬕)
⡆㻜㋦㝗㐟㟜㱫☨㩌⡢ㄩ⊓䩟်سआϣϬࡢՄߒࢗЅڃԈҞ֥ϥԮඡϡ䩟ڃԈҞ֥ϥ

ѪԮϡ䦚зњ䩟೫ଯ6֡Р⛶⌴㮻㱸☨㦐㙾■⿵⶛⟞⼗㦆㱸➝➈㵀㔶⒱⏣⛃㖫⛶㩌⡒ㄩ

⊓☨㮪⹃䦚ϼ਎тѴцӊۘࠏ໪ϡઑထࡢߒࢗϩЪϮϡࣔ܋Һॶ䦚

3.4 㝌⿥㲓㨏ⰵ

ӆڹॗڝϨӥ࢙୳ૢЅϡϣԈؙড়ӹঈйߵւֲԪЅԅЏϡ೩т䩟Ћ۔ϱэтЈ

ϡઑထߒࢗҤ֚٤పࣔ܋䩟ӎЗ৉оӆҹϡઑထߒࢗ৔भ䦚

Ϩ؎ӥࡑЅ䩟ؙ ড়ӥֲࡑҝϡҰϴӹঈد၉ѧϬҤӌ䩟дԆϥӥّࣝࡑ䦙ӥࡑϪ؃

йߵӥֲࡑҝϡд໯䦚۰܏䩟цӊӥࡑϡّࣝ䦚ӆאϡӥࡑԪઑထߒࢗϡ Java ਡऴࡄ

ओّࣝކ Defects4J ЅשԼϡחдّࣝӑЋϪ݆֞Նϡ҈ຎ䦚Ԕϥ䩟ЋϦઁۥࠍӊϪ֞

खש৉Պϡؙড়䩟ӥࡑЅಈԼڦҜשԼϡҤܴԪҪओЅखשϦ 50 ϬઑထՖҲӥࡑ䦚ӎ

З䩟ЋϦٍд໯ЏϺϡֲҝѸࡢϩ֡ѓԛ䩟ϢЙϨϤӎϡ࣮۵ЅдԆשԼϣחдّࣝ䦚

ϩࡢЅ৉Պϡઑထ䩟࢓۵ϨѐӥэтԿ࣮׏ӊ؎ّࣝओЅϡઑထ୐ϱІӊцۥ䩟֔ױ

ԝࢹϮϡڊԣԛ䦚Էҋ䩟ӆӥࡑЅϡэтۥٷӑٷӆϪ஍ڗ䦚ۥӊӥࡑϪ؃ّ֝ԝࢹ

վ䩟цӊϤӎϡэтٷԷӥֲࡑҝНЌϤࡢϩ૦޸ԛ䦚Ԕϥ䩟ӆӥ࢙୳ૢϡ۵ࡣϥ֡

Рд໯Ϫ݆֞ՆϡРࡄЋІ҃٩ϡઑထߒࢗҤ֚٤పࣔ܋䩟ґϤϥ୳ૢэтٷϡ૦ৄ

݆Ն৔भ䦚ӹױ䩟ђϴэтٷӛٍѓϡҤ֚НйՖϣڢ٤܌ѴϩϡߒࢗҤ֚䩟Էֲҝ

ϲϥϩ݌ϡ䦚Ѽґ䩟֡РҶӸӥࡑϪ؃ϩ٤ֳܨоѸЄϩ݌ϡ݆ՆҤ֚䩟ӆҹԗԷӑ

Ћ۔ϱ֞ӑՖҲࢅڍ୳ૢ䦚зњ䩟ϨцӥֲࡑҝՖҲд໯З䩟ӆҹಈѓϦऴӊ೫ଯϡ
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Ϯϡม၉䦚ЋࢹϤЌ׍ࡄдРח૜ԛ䩟НЌϿࣔঊߒϡࡄРߒࢗӊۥҤ֚ᆡ਎䦚ߒࢗ

Ϧעࡽϼ਎՜֣䩟ӆҹٍѓϦ१әдण֚цӥࡑϡֲҝՖҲϦ૘࢛д໯䦚ӎЗ䩟ӑٷ

ຉՏԷјэтࡾݨٷ৭ڶц׏ᆡ਎ϡކ৭ԛ䩟цࡖϨ௅՜ϡ೫ଯՖҲࢗԜф٩ހ䦚

ӆאд໯ϦэтٷϪ֞ߒࢗѐӥઑထϡРࡄ䩟׍цԷٍѓϡҤ֚ՖҲϦւֲ䩟ѓ

ӊࠏۘࣔ܋໪ઑထϡߒࢗҤ֚䦚ࡢՄ܇䩟ӆאఱцϪ֞ߒࢗдԆւֲϦֺࢳઑထӡ֧

фਤ౨Тю೫ଯ䩟ЋІ҃٩Ҥ֚٤పࣔ܋בׯ䦚࣠ࣝӥ࢙୳ૢֲҝ䩟ٍسЬϩԟݱϡ

ਡઑထࡄдϡחϤ়๐䩟Ͻ׍ઑထߒࢗцӛٷਡ੻ऎ䦙этࡄ (82%) ࣊ѼНйҩԷԜ

৭ߒࢗ䦚ऴӊэт݆ٷՆРࡄЅٍѓϡ೫ଯ䩟ЈϡઑထߒࢗҤ֚ϩֳܨӥѴцۘࠏ໪

ઑထϡߒࢗ䦚ӥকϼ䩟֡Рӓҹϡд໯䩟этٷϨ݆ՆϡРࡄЅӛٍѓϡחд೫ଯӔ

ҮҩӔϩϡІ҃٩Ҥ֚ڈЄڈվсٍѓ䩟׍ԼЏϦϣӡϡ݌ҝ䦚Ԕϥ࣊ѼϩՖϣހ܌

٩ϡ׺ҽ䩭ϬԆ೫ଯϨѴϩϡІ҃٩Ҥ֚Ѕ׍ЬϩЏϺЪϮϡ۱ѓ䩟׍ॸцӊۘߒࢗ

ϥӡ֧Хڹ䩟Ѫ֔ױӑѓ䩟ԝҒਤ౨ТюЅϡ೫ଯ6䦚ࣔ܋Գϴϡ׶ϩۘࡢ໪ϡઑထࠏ

ϥਤ౨ТюРࡄ䩟эт׶֡ٷϿֲׁϤӎϡ೫ଯйߒࢗڢ٤ϡّ֝фކ৭ԛ䩟цЈϡ

І҃٩Ҥ֚ӎ҈ࡢϩ೩тҺॶ䦚ᆨϼ䩟ӆאϡԳϴтѴҰϴدଭйЎֵب䩭

• ֲׁϤӎϡઑထӡ֧೫ଯНйڢ٤ӡ֧ϡކ৭ଛ䦚

• ழࣥϡэтҮࡑ (ґϤϥߒࢗҮࡑ) Нйࣔ܋этٷԪ؀Ϭϡ҈ۨࢗຎЅ٤Լҙ

থ५䦚ߒࢗϡ֝ڱ

• থ५ϡ࣊༌䦚ߒࢗцעࡽ䩟ࣔ܋٤పߒࢗНйЋઑထϡڷڊਡЅϡԚঐࡄ

ϼ਎тѴԗࣔ܋בׯӆҹӛ٤оϡІ҃ߒࢗ৔भ䦚Ѽґ䩟ߚЏڀҺϡϥ䩟ӆאϡ

ӥ࢙୳ૢРࡄϤ঎঎Ћӆҹϡۘࠏ໪ઑထ٤ߒࢗపϦۓϴϡࣔ܋䩟ԷЅւֲϡЪЄϪ

֞ӡ֧йߵਤ౨Тю೫ଯцӊࠏ໪ઑထϡߒࢗЇࡢϩЪϮϡࣔ܋Һॶ䩟Ћ۔ϱϡઑထ

୳ૢ֞ӑӔтԣϨЅм॓Ѻא䦚ӆזоϦҤ܋৔भߒࢗ (Science China Information Sci-
ences) 2019 ϼ䦚
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ҷאף ӌࠏۘז໪ઑထϡІ҃ߒࢗ৔भ

☾㙼㷦 ギ㦢➧㊷➑㐯㦍☨㽴⛑㩌⡒⭒㗯

4.1 㯧㬀

࣠ࣝԚԮ୳ૢϡೀཾ䩟۵ӓӔϩϡઑထߒࢗҤ֚Ұϴఱц׶ԋϡࠏ໪ઑထ䦚Ѩӥ

ϼ䩟ۘࠏ໪ઑထॎѼϨэтРࡄЅԳߒтТϡมଛԝࠍࢹ䩟ԔϥۥӊԷ֡׶фئӡण

ϼЎҹԚԮ䩟ࣔٷڈϡ࣮۵ࡿ ঊԷઑထϡ҇णԝࢹЄ䦚ӹױ䩟ϨӛϩϡઑထणࡿЅ䩟ۘ

ّࣝކϡऴߒࢗ໪ϡઑထ࣊Ѽ฼ࣝЪϽϡԝຎ䦚֡РϪ֞д໯тѴ䩟Ϩઑထӡ֧фࠏ

ओ Defects4J[44] Ѕ䩟60% ϡઑထϨࣄ੗ߒࢗЅЪվԳݘߒТ䦚ӛй䩟І҃ࡄߒࢗ٩ਡЅ

ϡۘࠏ໪ઑထцӊڢ٤І҃ߒࢗ৔भϡӥѓԛࡢϩۘ׶ԳϽϡҺॶ䦚

Ѽґ䩟І҃ࠏۘߒࢗ٩໪ઑထࡢϩۘ׶Ͻϡखږ䦚ӓҹӔҮೀཾ䩟ӔϩҤ֚֡Рӡ

ॶߒࢗথ५ϱߒࢗࣔ܋ϡТю䩟Ԕϥ؎Ҥ֚׍Ϥ޸ѓࠏۘߒࢗ໪ϡઑထ䦚ԝҒ֘4.1ӛ
ܾϡߒࢗਤ౨ϥ Defects4J ّࣝओЅϡϣϬѐӥࡄਡઑထ䦚؎ઑထϥϣϬԝئ۵࣮ࢹӡ

ϡઑထ䩟ϨԷјϡ࣮۵ЅЪԡװϺणঐϡۨࢗ䦚ЋϦԜ৭ߒࢗ؎ઑထ䩟4 ڷڊϡ߹ݼֺ

طܬ (2-4 Ҳ) ؑϴҩ๭ՊϺઑထڷڊЅ䦚Ԫߒࢗϡਤ౨НйтѴ䩟ٍسцӊҮࡑழࣥϡ

этٷ䩟Ԝ৭ߒࢗ؎ઑထЇϤϥϣϬډبϡРࡄ䦚ӹױ䩟ӔϩϡІ҃ߒࢗ٩৔भцӊ

ϡҤ֚䦚݌Ѽઑྩϩ࣊ߒࢗणઑထϡױ

1. if(Math.abs(dt) <= Math.ulp(stepStart)){
2. + interpolator.storeTime(stepStart);
3. + System.arraycopy(y, 0, yTmp, 0, y0.length);
3. + hNew = 0;
4. + stepSize = 0;
5. loop = false;
6. } else { hNew = dt; }

֘ 4.1 ຎܾߒࢗ໪ઑထࠏۘ

࣠ࣝҷѧאЅϡӥ࢙୳ૢд໯䩟этٷϨϪ֞ߒࢗઑထЗ䩟ϣҤӌНйཟ౗Էழ

ࣥϡэтҮࡑԪ؀Ϭ҈ۨࢗຎЅࢣࢻоНйߒѓϡۨࢗথܴ䦚ࡔϣҤӌ䩟۵࣮ߎ܀Ѕ

Ԛঐϡڷڊ䩟этٷӎ҈НйߒࢗϤ়๐ϡઑထ䦚ԝҒ֘4.1ӛܾϡڷڊߒࢗ䩟ϨԷц׏

ϡઑထ࣮۵ЅࡖϨԚঐۋЌϡڷڊ䦚֡РцԝԚঐڷڊ䩟Ԝ৭ߒࢗ؎ઑထϡԡ֏Ͽ࡙

Ͻઁࠍ䦚ӹױ䩟ऴӊӥ࢙୳ૢϡтѴ䩟ӆҹ٤оӌࠏۘז໪ઑထϡІ҃ߒࢗҤ֚ IBFix䩟
֡Рٍѓࠏ໪ϡ֋ّ֝ࣝڷڊ቉ਤԳۨࢗߒϡۘࠏ໪ԛ䦚Էدଭ 3 ϬԮඡ৔भ䩟дԆ

ѓӊࠏۘݸث໪ઑထߒࢗЅϡԮඡखږ䦚(1) ఱцࡖϨվ֝ϡԳࣄۨࢗߒ੗ϡۘࠏ໪ઑ

ထ䩟ӆҹ٤оϦ⫑㲂☉⢔㬥⺋☨⏣⛃㔶⒱⭒㗯䦚؎৔भ֡Рڋࢅд໯֋֝э੅࣮۵Ѕ

ϡ٧ڷڊԛҞ֥ࣔ܋Ԫ؀Ϭϡ҈ۨࢗຎЅ٤ԼНߒѓϡਤ౨থ५䩟Ԫґעࡽথ५٤Լ
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цϽ֝Գۨࢗߒϡ࣊༌䦚(2) ఱцϤࡖϨԳۨࢗߒϡۘࠏ໪ઑထ䩟ӆҹ٤оϦ⫑㲂㦐㙾

■⿵☨⏣⛃㔶⒱⭒㗯䩟֡Рߎ܀ԚঐڷڊТюߒࢗਤ౨䩟Ԫґߒࢗעࡽцਤ౨থ५ϡ

࣊༌䦚(3) ৭ଛ٤оϦѸҙϡϴކцӊઑထӡ֧ϡױ໪ઑထਤ౨ԡ֏ҶӸ䩟ӹࠏӊۘۥ

ؒ䩟йߊНЌ೬ݪТюϤԜ৭ϡߒࢗਤ౨䦚࣠ࣝӥ࢙୳ૢЅЏϺϡ೩т䩟этٷϪ֞

ӡ֧Ѕ֡׶ᆨׁٍѓϤӎϡّࣝ䦚࣊ࣝױ䩟ӆҹ٤оϦ⫑㲂㽔㜢⪆➶☨㐯㦍⛊㢭⭒㗯䩟

֡Рֲׁऴӊࡄਡࠏഉфऴӊڋࢅԛ݆Նϡӡ֧Ҥ֚䩟ӥѴϤӎӡ֧৔भϡّࣝ࢕ұ䩟

Ֆϣڢ٤܌ӡ֧ϡކ৭ଛ䦚

ӆבאЎϱϡॵ௼ֲพҒЎ䩭ҷ4.2ߣڝϴೀཾІ҃ߒࢗҤ֚ IBFix ϡݱՄֲพ䦚

ҷ4.3ڝ૘࢛ೀཾऴӊࡄਡ૮ݮਢдϡઑထӡ֧৔भ䦚ҷ4.4ڝфҷ4.5ڝдԆ૘࢛ೀཾ

ऴӊ؀Ϭ҈ຎϡਤ౨Тю৔भфऴӊԚঐڷڊϡਤ౨Тю৔भ䦚зњ䩟ҷ4.6׍ڹॗڝ

ւֲӆبֵא䦚

4.2 㐯㦍㽴⛑㩌⡒➝➈ IBFix⡣⹎
ӆڝೀཾۘࠏ໪ઑထߒࢗҤ֚ IBFix(Infrequent-Bug Fix)䦚؎Ҥ֚ᗆိࢅتϡ䦧Т

ю-࢙ࡑ䦨থࡿϡઑထІ҃ߒࢗРࡄ䩟(1) ֡Рઑထӡ֧Ҥ֚࣠ࣝ࠻Ն৭ӡࡄਡЅНЌо

Ӯϡ֧ঞ䩟(2) ѼњӑЋਤ౨Тюϡ఍ՊѓӊТюߒࢗਤ౨䩟Ϥӎϡਤ౨ТюҤ֚Ԛૠ

ਤ౨ґԚૠϤؙড়䦚(3)ߒࢗҲТю׍䩟ԚૠҏҽНй߹ݼ зټ䩟Ϥӎ৔भТюϡਤ౨

ཹుϺϣвࢅۥϣϡਤ౨ٕਡ֚ڲцӛϩਤ౨ՖҲٕਡ䩟ٍ׍ѓ࠻Նཱྀϣ࢙ࡑਤ౨ϡ

Ԝ৭ԛ䦚֘4.2ϥӆҹІ҃ߒࢗҤ֚ IBFix ϡܾҺ֘䦚Ԫ֘ЅНйЃо䩟ԷҰϴدଭѧ

Ϭॵюחд䩟дԆϥऴӊࡄਡ૮ݮϡӡ֧йߵऴӊ؀Ϭ҈ۨࢗຎϡਤ౨Тю৔भфऴ

ӊԚঐڷڊϡਤ౨Тю৔भ䦚

程序频谱 程序状态

统一缺陷定位模型
数据域映射

映射

相似代码

组合代码修改生成补丁

1.基于程序状态
划分的缺陷定位

补丁模板

模板排序与匹配

历史
修改
记录

缺陷
代码

缺陷
代码

应用模板生成修复补丁
2.基
于单
个修
改样
例的
补丁
生成

状态谓
词分数

程序元
素分数

代码库
分析代
码属性
分布

候选修复补丁排序和验证

缺陷程序

3.基于相
似代码的
补丁生成

谓词分
数组合

变量映射 抽象语法树diff

补
丁
生
成

定
位

֘ 4.2 ઑထІ҃ߒࢗҤ֚ IBFix

ԷЅ䩟ऴӊࡄਡ૮ݮϡઑထӡ֧Ҥ֚֡Рӡॶࢅϣϡઑထӡ֧থࡿ䩟йՁຒϡҤܴ
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ֲׁऴӊࡄਡࠏഉфऴӊࡄਡ૮ݮϡҖ҇ӡ֧Ҥ֚䦚ۥӊҖ҇ӡ֧Ҥ֚ӛٍѓϡّࣝ

Ҟ֥ࡢϩૠਤԛ䩟ӹֲׁױҏњϡҤ֚Нйڢ٤ઑထӡ֧ϡކ৭ଛ䦚ऴӊ؀Ϭ҈ۨࢗຎ

ϡਤ౨ТюҤ֚֡РԪࣄ੗ϡߒࢗਤ౨Ѕ٤ԼНߒѓߒࢗথ५ϱࣔ܋ਤ౨ϡТю䦚Ϩ

؎РࡄЅӆҹ٤оٍѓ֋֝ϡэ੅ڷڊЅϡڋࢅҞ֥ࣔ܋থ५٤ԼРࡄ䩟עࡽцԳߒ

ڊϡਤ౨ТюҤ֚Ϩઑထ࣮۵Ѕഎ౱ԁઑထ֧ঞԚঐϡڷڊϡ࣊༌䦚ґऴӊԚঐۨࢗ

থ५䦚зњ䩟ٍۨࢗحڗ䩟؎৔भϤ࣊༌ױ䩟Тюਤ౨䦚ӹߒࢗઑထࣔ܋䩟ߎ܀ӑЋڷ

ѓٕਡ֚ڲцϤӎҤ֚Тюϡߒࢗਤ౨ՖҲٕਡ䩟ཱྀ׍ϣ࢙ࡑਤ౨ϡԜ৭ԛ䦚

4.3 ⫑㲂㽔㜢⪆➶☨㐯㦍⛊㢭⭒㗯

୳ૢԣҴ䩟ઑထӡ֧ϡކ৭ଛϿؙבׯড়ઑထߒࢗϡ݌ҝ[59]䦚ϨРЧϡӪ֐ёѦ䩟

ӔҮϩЪЄઑထӡ֧Ҥ֚ҩ٤о[2,13,14,42,43,55,56,78,126]䦚ԔٍسҒױ䩟۵ӓϡઑထӡ֧Ҥ֚

ϡކ৭ଛ࣊Ѽԝࠍࢹ䦚ӹױ䩟୳ૢߎٷഒ֡РֲׁϤӎϡӡ֧Ҥ֚йڢ٤ӡ֧ϡކ৭

ଛ[6,53,118,132]䦚Ѽґ䩟Ӕϩϡֲׁ৔भ֡׶ԗϤӎӡ֧Ҥ֚ӑЋܪຒٍѓ䩟۱ѓٕਡѺ

ܠ (Learning to Rank) Үӽ౩ظٷڈ (Neural Network) থࡿԗԷֲҝԳЈॵׁٕਡ䩟ӥ

Ѵӡ֧ކ৭ଛϡڢ٤䦚؎णҤ֚ࡖϨҖҤӌϡઑѢ䩭(1) ЬϩࣘдߎഒϤӎӡ֧Ҥ֚ϡ

ຒٍѓϤӎҤ֚䩮(2)ܪ෥䩟ئ Ѻܠথؑ׶֡ࡿϴ࣊༌Ͻ֝ϡਖ୞҈ӆّࣝ䩟ϨϤӎण

Ԇϡ࣮۵ϼ݌ҝԡй࢙خ䦚ӛй䩟ࢅڍԛс୳ૢϤӎӡ֧Ҥ֚ϡֲׁϩֳܨՖϣ٤܌

ߒࢗڢ٤ߵϡّ֝йߒࢗЌҨ䩭ҶӸߒࢗ໪ઑထϡࠏцۘڢӊ٤ࡾ৭ଛ䩟ϩކӡ֧ڢ

৭ଛ䦚ކ

࣠ࣝҷԏڝೀཾ䩟Ӕϩϡӡ֧Ҥ֚Ѕ䩟ϩҖϽणਹࡿϡӡ֧Ҥ֚䩭ऴӊࡄਡࠏഉ

ϡӡ֧фऴӊࡄਡ૮ݮϡӡ֧Ҥ֚䦚ӆࢅڍ܏۰ڝԛс୳ૢҖणӡ֧Ҥ֚ϡֲׁҤܴ䩟

ݮਡ૮ࡄഉфࠏਡࡄ䩟цӊऴӊ܇Մϱࡢ৭ଛ䦚ކӡ֧ϡڢ٤оЈϡҤ֚٤ױऴӊ׍

ϡӡ֧Ҥ֚䩟ӆڝԗдԆಈѓԷц׏ϡࡢϩڊԣԛϡӡ֧Ҥ֚䩭ऴӊࡄਡࠏഉϡऴኜ

Ҥ֚[2,16,19,43] (йЎٍѓऴӊࡄਡࠏഉϡӡ֧Ҥ֚܋ऴኜҤ֚) фऴӊڋࢅԛ݆Ն (Sta-
tistical Debugging) ϡӡ֧Ҥ֚[14,17,39,56]䦚ऴӊࡄਡࠏഉϡӡ֧Ҥ֚֡Рഎओ࠻Ն௬ҲР

ԛ݆Նϡӡ֧Ҥ֚ڋࢅоӮϡมଛ䦚ґऴӊڲڋਡׄঈࡄਡׄঈϡ࿡౐Ҟ֥ЋࡄЅࡄ

ϥϨࡄਡЅ๭ՊϣԈ૮ݮ஼୫ (Predicates)䩟࣠ࣝ஼୫ϡ࿡౐йߵԼߚєୂڲڋҟϬ஼

୫фڷڊઑထϡԮڍ䦚ӹױ䩟Җ҇ӡ֧Ҥ֚ॎѼࡖϨԚঐԛ䩭ЁؽڲڋҲЗϡ࿡౐䩟Ԕ

Җ҇Ҥ֚ЇࡖϨЪϽϡई஬䩭ϣϬߎഒࡄਡׄঈ䩟ࡔϣϬߎഒ૮ݮ஼୫䦚ӹױ䩟Ϻ۵

ӓЋঝ䩟࣑Ѫ୳ૢ෬౱Җ҇ӡ֧Ҥ֚ϡֲׁ䦚

д໯ҷѧאӥ࢙୳ૢЅэтٷϡӡ֧РࡄӔҌ䩟֡РֲׁЄ҇ӡ֧೫ଯНйϩ݌

ԛ݆Նӡ֧Ҥ֚ϡֲڋࢅഉфࠏਡࡄ٩ϡд໯ऴӊࢅڍР֡ڝ৭ଛ䦚ӆކӡ֧ϡڢ٤

ׁҤܴ䩟࣠ ࣝԷ࣊༌Ҟ֥йڲڋߵРࡄϡԚԮԛ䩟ֲׁڋޕϡҤ֚䦚ԷЅϡखږϥۥ䩭
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ӊҖ҇ӡ֧Ҥ֚ӛٍѓϡّࣝ૮ݮϤϣঊ䩟ЂϴϨԷӛ࣊༌ϡّࣝחдцԷՖҲֲׁ

ࡿϣϡӡ֧থࢅ٤оϦڝ䩟ӆױ䦚ఱц޼׆ӥѴّࣝϡحҒ׏ UniFL ѓӊֲׁҖ҇ӡ

֧Ҥ֚䩟׍ѯоϦԷ࣏ܴ٩ϡӡॶ䦚ࡢՄϱ܇䩟UniFL Нйԗࡄਡϡࠏഉ޼׆Ћࡄਡ

ϡ૮ݮ஼୫࿡౐䩟ֲׁऴӊڋࢅԛ݆ՆҤ֚ЅӔϩϡ૮ݮ஼୫䩟ӥѴцࡄਡ૮ݮϡ࢛

ཇ֏ਢд䦚֔ױ䩟ЋϦٍऴӊࡄਡࠏഉӡ֧Ҥ֚ЅϡࡄਡׄঈоӮมଛԍܴНйѓӊ

ਡׄঈ࿡౐䩟ٍЏоӮมଛϡࡄ٤оԗ஼୫࿡౐ྱथϺא஼୫оӮдّ䩟ӆݮ૮ڲڋ

֏ХϿ෬౱ّࣝഎओϡཇڝҏ֔䩟ӆױԍܴНй֡ѓ䦚ङڲڋ (Ғ៲ّٛԆٛطܬڈ

Ԇ) йߵϤӎ஼୫ϡֲׁҤܴц݌ҝϡؙড়䦚ᆨϼӛ਎䩟Ϩࢅϣϡথࡿ UniFL ϡࣔ܋

Ў䩟ӆڝԗϨ૮ݮ஼୫҇ण䦙ڲڋԍܴ䦙ّࣝഎओཇ֏йߵ஼୫ֲׁҤܴףϬڍ֏ۅ

৭ଛ䦚ކӡ֧ϡڢԛс୳ૢҖ҇ӡ֧Ҥ֚ϡֲׁй٤ࢅ

ӆבאЎϱԗцҖ҇ӡ֧Ҥ֚ϡֲׁҤ֚йߵӥ࢙ࡑࡑՖҲ૘࢛ೀཾ䦚ҷ4.3.1ڝ
ೀཾҖ҇ӡ֧Ҥ֚ϡࠧ࢓䩟ҷ4.3.2ڝೀཾࢅϣϡӡ֧থࡿ UniFL ѯоԷ࣏ܴ٩ϡӡ׍

ॶ䦚ҷ4.3.3ڝ૘࢛д໯Ϩӡ֧থࡿ UniFL ϡࣔ܋Ў䩟Җ҇ӡ֧Ҥ֚ϡϤӎֲׁҤܴϡ

ӡ֧݌ҝ䦚зњ䩟ऴӊӓӌϡд໯ֲҝ䩟ҷ4.3.4٤ڝоӆҹϡઑထӡ֧৔भ PredFL䦚

4.3.1 ⌟Ⳃⰽ㔘

ӆ܏۰ڝೀཾऴӊࡄਡࠏഉфऴӊڋࢅԛ݆Նϡઑထӡ֧৔भϡࠧ࢓䩟֡Р૘࢛

д໯Җ҇ӡ֧Ҥ֚ϡথࡿйّࣝߵԮ࠾䩟Ћࢅϣӡ֧থࡿϡ٤оະሼऴኜ䦚

4.3.1.1 ⫑㲂⒴㩠㊷㋙☨⛊㢭➝➈

ऴӊࡄਡࠏഉϡӡ֧Ҥ֚ (Spectrum-Based Fault Localization) ϥ۵ӓϣ҇ҰԵϡઑ

ထӡ֧৔भۥ䦚 ӊ؎Ҥ֚؀ߣॸ݌ҝϮ䩟ϨЪЄઑထߒࢗϡҤ֚Ѕҩಈѓ[52,104,113,115,117]䦚

ԷࡢՄӡ֧Рࡄϥ䩟ӾѯӡϣϬઑထࡄਡйߵц׏ϡ࠻Նओׁ (ԷЅ࠻ՆओׁЅ۠վࡖ

ϨϣϬ֡۔Рϡ࠻Ն)䩟ਹࡿϡऴӊࡄਡࠏഉϡӡ֧Ҥ֚എओࡄਡϨؽҲ࠻ՆЗҟϬׄ

ঈҩϤӎ࠻Ն࿡౐ϡєୂ䩟Ѽњ֡Рবӡॶϡըছ߯ຽԍܴ (risk evaluation formula) Ћ

ҟϬࡄਡׄঈڲڋϣϬдّ䩟ӑЋцࡄ׏ਡׄঈНЌоӮϡมଛ䦚ϨӥকϡٍѓЅ䩟ࡄ

ਡׄঈϡཇ֏Нй࣠ࣝؑϴݸӡ䩟Нйϥࡄਡ៲ّ䩟ЇНйϥࡄਡطܬҳ䦚Ϥӎϡऴ

ӊࡄਡࠏഉϡӡ֧Ҥ֚Ёᗆိϼ਎ϡӡ֧থܴ䩟߇Ԇϥٍѓϡըছ߯ຽԍܴϤӎ䦚

ЋϦҤ۬ҏњϡᆡ਎䩟בЎϱӆҹԗӡॶऴӊࡄਡࠏഉӡ֧Ҥ֚ϡϣડԣܾ࣏ܴ䦚

цӊѯӡϡϣϬઑထࡄਡ䩟ϢЙӡॶ E ϥ؎ࡄਡӛدଭϡӛϩࡄਡׄঈϡओׁ䩟цӊ

ԷЅϡڗҺׄঈ e ∈ E䩟ӡॶйЎላًԣܾ䩭

• f ailed(e)䩭ԣܾ࿡౐ࡄਡׄঈ e ϡ֡۔Р࠻Նϡّ֝䦚

• passed(e)䩭ԣܾ࿡౐ࡄਡׄঈ e ϡ֡Р࠻Նϡّ֝䦚

• total f ailed䩭ԣܾ࠻ՆओЅӛدଭϡ֡۔Р࠻Նւّ䦚
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• totalpassed䩭ԣܾ࠻ՆओЅӛدଭϡ֡Р࠻Նւّ䦚

࣠ࣝϼӌϡӡॶ䩟ѯӡϡըছ߯ຽԍܴЋҟϬࡄਡׄঈڲڋоӮมଛ䦚ԝҒٍѓ

Ochiai ԍܴ[2] (ҩܲጷٍѓ)䩟ࡄਡׄঈ e ϡоӮมଛڲڋҒЎӛܾ䩭

Ochiai(e) = f ailed(e)√
total f ailed · ( f ailed(e) + passed(e))

(4.1)

ϼ਎ϡ Ochiai ԍܴྱބϦऴӊࡄਡࠏഉӡ֧Ҥ֚ϡऴӆڽЂ䩭цӊϣϬࡄਡׄঈ䩟ҩ

ѸЄϡ֡۔Р࠻Ն࿡౐䦙Ѹվϡ֡Р࠻Ն࿡౐䩟ԷоӮϡมଛϿҶϽ䩮Ԛބϡ䩟ࡄਡׄ

ঈϡоӮมଛँЩ䦚ӾѯӡϣϬըছ߯ຽԍܴ r䩟ӡ֧Ҥ֚ϿЋ E ЅϡҟϬࡄਡׄঈ

䩟ӡ֧Ҥ֚ϡ఍оױਡׄঈՖҲٕਡ䦚ӹࡄϣϬдّ䩟зњ࣠ࣝ؎дّԗӛϩϡڲڋ

ϥϣϬٕϮਡϡ࠶ԣ䩟ԷЅ࠶ԣЅϡҟϬׄঈцࡄ׏ਡׄঈߵԷоӮϡมଛдّ䦚Է

ϣડϡԣܾ࣏ܴЋ䩭

SBFLr
simple(E) = {(e,r(e))|e ∈ E}

࣠ࣝϼӌϡೀཾ䩟Ϩӥকٍѓϼ਎ӡ֧Ҥ֚З䩟ϢЙНйϨϤӎϡࡄਡׄঈཇ֏ӥѴ

ӡ֧䦚חдӔϩϡ୳ૢٍѓѸ࢛ཇ֏ϡࡄਡׄঈ࿡౐Ҟ֥ӥѴӡ֧䦚ԝҒ䩟ٍ ѓࡄਡܬ

Ԇഎओ࿡౐Ҟ֥䩟ٛطܬՄҤ֚ϥϨࡢԆϡӡ֧[53,90]䦚Էّٛ៲ڲڋԆϡ࿡౐Ҟ֥ٛط

ѼњڲڋҟֺطܬϡоӮมଛ䩟зњٍѓ៲ֵّӛدଭطܬϡзϽдّԣܾц׏៲ّ

ϡдّ䦚ӥ࢙ࡑҴ䩟ϼ਎Ҥ֚НйϨϣӡࡄ֏ϼڢ٤ӡ֧ϡކ৭ଛ䦚ЋϦԣܾϼ਎ϡ

ྱथԮڍ䩟ӆҹӡॶཇ֏៲ّ g : E → 2E䩟ԣܾྱथࡄਡׄঈԁԷжׄঈओׁϡԮڍ䦚

ԝҒϼ਎ຎжЅԗ៲ّྱथЋطܬϡओׁ䦚ئቕϡ䩟ҒҝԷӡ֧ϡׄঈཇ֏фഎओ࿡

౐Ҟ֥ϡׄঈཇ֏ϥϣঊϡ䩟ъА؎៲ّϿԗҟϬࡄਡׄঈྱथϺׄঈӆӱ䦚ऴӊϼ

਎ӡॶ䩟ӾѯӡϣϬཇ֏៲ّ g䩟ऴӊࡄਡࠏഉӡ֧Ҥ֚ϡѸϣડԣܾ࣏ܴҒЎӛܾ䦚

SBFLr ,g(E) = {(e,maxei ∈g(e)r(ei))|e ∈ E}

4.3.1.2 ⫑㲂㟧⭜㩂♛㗎☨⛊㢭➝➈

ԛ݆Նڋࢅ (Statistical Debugging) зՉۥ Liblit ҳϪ[55,56] ٤оѓӊࡄਡ૮ݮϡ׾

ԛ݆ՆϡҤ֚ϿϨڋࢅਡ䩟ࡄҞ֥䦚ӾѯӡϣϬઑထࡾՆϡᔅ݆ٷಈ҈䩟ӑЋэтࡄ

஼୫ݮӡॶϮϡ૮܏ਡЅ๭ᤋϣԈবࡄ (State Predicates)䦚ӛ஼஼୫䩟سϣԈֺխԣܼ

ܴѓӊ်आࡄਡϥਦئ߿ٶӡϡϴؒ䩟ԝҒvar>0НйഠݓԸ֝varϥਦ߿ٶϽӊ 0䦚Ӿ

࣠ٷ䦚этٷєୂၖҘѯэтߚЅϿІ҃എओ஼୫ϡԼࡄឱҏњ䩟Ϩ௬ҲϡРחਡࡄ

ࣝ஼୫ϡԼߚ૮ݮϱᒎआࡄਡϥਦԜؽ׶ҲٷڈоѴઑထϡ֍ӹ䦚ԁऴӊࡄਡࠏഉϡ

ӡ֧Ҥ֚णঐ䩟֡Р࠻ڲڋՆϡ࿡౐ഠࡄݓਡоӮϡ֍ӹ䦚Ԕԁऴӊࡄਡࠏഉϡӡ֧

Ҥ֚Ϥӎϡϥ䩟ӆҤ֚ϡ఍оٕϮਡϡ஼୫ߵԷӛц׏ϡдّ䦚

ЋϦҤ۬ҏњϡᆡ਎䩟ӆҹӡॶላً P ԣܾࡄਡЅϡ૮ݮ஼୫ओׁ䩟цӊڗϣϬ
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஼୫ p ∈ P䩟ऴӊڋࢅԛ݆Նϡӡ֧Ҥ֚എओ஼୫ϡйЎ࿡౐Ҟ֥䩭

• F(p)䩭ԣܾϨ࠻ՆؽҲРࡄЅ䩟૮ݮ஼୫ p ۠վҩ߿ٶϣҋϡ֡۔Р࠻ՆϬّ䦚

• S(p)䩭ԣܾϨ࠻ՆؽҲРࡄЅ䩟૮ݮ஼୫ p ۠վҩ߿ٶϣҋϡ֡Р࠻ՆϬّ䦚

• F0(p)䩭ԣܾϨ࠻ՆؽҲРࡄЅ䩟૮ݮ஼୫ p ҩ௬ҲϺϡ֡۔Р࠻ՆϬّ䦚

• S0(p)䩭ԣܾϨ࠻ՆؽҲРࡄЅ䩟૮ݮ஼୫ p ҩ௬ҲϺϡ֡Р࠻ՆϬّ䦚

фऴӊࡄਡࠏഉӡ֧Ҥ֚णঐ䩟ӆҤٍ֚ѓϣϬবӡॶϡԍܴڲڋҟϬ૮ݮ஼୫

цӊࡄਡЅϡઑထϡԳϴԛ䩟ӹױҩीЋԳϴԛ߯ຽԍܴ (importance evaluate formula)䦚
؎ԍܴ࣠ࣝϼ਎ӡॶϡ૮ݮ஼୫࿡౐ڲڋҟϬ஼୫ϡԳϴԛ䦚ϣϬਹࡿϡԳϴԛ߯ຽ

ԍܴ[56] ӡॶҒЎ䦚

Importance(p) = 2
1

Increase(p) +
1

Sensitive(p)
(4.2)

ԷЅ䩭

Increase(p) = F(p)
S(p) + F(p) −

F0(p)
S0(p) + F0(p)

Sensitive(p) = log (F(p))
log (total f ailed)

Ϩԍܴ4.2Ѕ䩟஼୫ϡԳϴԛ߯ຽԍܴϥҖחдϡ݆фכ୐ّ䦚ԷЅ䩟Increase(p)
ѓϱ߇д஼୫ p ϡ૮ݮϨ࿡౐؎஼୫ϡ֡۔Рϡ࠻Ն௬ҲЅю߹ԁਦϡд޿єୂ䩟ґ

Sensitive(p) ѓϱڲڋ஼୫ p Ϩӛϩ֡۔Рϡ࠻Ն௬ҲЅю߹ϡԝຎ䦚д໯ϼ਎ԍܴН

йЏойЎֲڹ䩭ӾϣϬ஼୫ҩѸϽԝຎϡ֡۔Р࠻Նӛ࿡౐׍ю߹З䩟؎஼୫ࡢϩ

ѸϽϡԳϴԛдّ䦚Ԛބϡ䩟ҒҝԷϨքЩԝຎϡ֡۔Р࠻ՆЅю߹䩟ԷԳϴԛдّ

ϿքЩ䦚ӹױ䩟஼୫ϡԳϴԛдّྱބϦ஼୫ԁ࠻ՆҏҽϡԮڍ䦚ЋϦҤ۬ҏњϡᆡ

਎䩟ϢЙٍѓ SDi ቕϡ䩟࣠ئԣϼ਎ϡԍܴ4.2䦚ڊ ࣝԍܴӡॶНҌ䩟Ӿ total f ailed = 1
З䩟࣠ࣝӔϩϡ୳ૢ[56]䩟ц׏஼୫ԳϴԛдّԗޕבׯЋ 0䩟й೬ݪङജӮண䦚

ਹࡿϡऴӊ݆ڋࢅՆϡҤ֚֡׶বӡॶѧणࡄਡ૮ݮ஼୫[56]䩟ԷдԆϥ branches䦙
scalar-pairs䦙returns䦚ԷࡢՄӡॶҒЎӛܾ䦚

branches ؎णԆϡ஼୫ԣܾࡄਡЅӔϩϡӛϩֺխԣܼܴйߵԷԼބԣܼܴ䩟Ғ

ifЅϡֺխԣܼܴ䦚طܬ

scalar-pairs ؎णԆϡ஼୫ԣܾԗࡄਡЅᔼߚԣܼܴ (٩״၉Ը֝२د) Ѕϡਅߚ

ԁц֧׏ঞНබ՜ϡӎणࡿԸ֝ф֝׶ՖҲцԝ䦚

returns ؎णԆϡ஼୫ԣܾԗ៲ّϡၖҘߚ (ҒҝࡖϨ) ԁ֝׶ 0 ԝࢹ䩟ϨԝࢹЅ

ٍѓԝࢹላً >䦙<䦙≤䦙≥䦙==ф !䦚

࣠ࣝϼ਎ӡॶ䩟ӥকϼϤӎणԆϡ஼୫ϨࡄਡЅϡ๭ᤋ֧ঞϥϤӎϡ䦚branches ஼

୫๭ᤋϨֺխԣܼܴϡ֧ঞ䩟scalar-pairs ஼୫๭ᤋϨᔼߚԣܼܴ֧ঞ䦚зњ䩟returns ஼
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୫๭ᤋϨ៲ّϡၖҘߚ (طܬreturnس) ֧ঞ䦚ЋϦᆡ਎๭ᤋ஼୫ϡ҇ण䩟ӆҹӡॶ๭ᤋ

៲ّ s(e) ѓϱᆡ਎ѯӡࡄਡׄঈ e Зц׏ϡ๭ᤋ஼୫ओׁ䦚

ᆨϼӛ਎䩟ӾѯӡϣϬԳϴԛ߯ຽ៲ّ i йߵ๭ᤋ៲ّ s䩟цӊѯӡϡϣϬࡄਡׄ

ঈओׁ E䩟݆ڋࢅՆӡ֧Ҥ֚ၖҘϣϬ૮ݮ஼୫ϡ࠶ԣ䩟׍ॸҟϬ஼୫Ͽц׏ϣϬԳ

ϴԛдّ䦚ӹױ䩟Էϣડ࣏ܴНԣܾҒЎӛܾ䦚

SDi,s(E) = {(p, i(p))|p ∈ s(e), e ∈ E}

4.3.2 㟧㮥⛊㢭ㄩ㨻

࣠ࣝҷ4.3.1ڝϡೀཾ䩟ऴӊࡄਡࠏഉф݆ڋࢅՆϡӡ֧Ҥ֚ϩЪЄ࢕ӎѢ䩟ԝҒ

Җ҇Ҥ֚ӛ࣊༌ϡҞ֥Ёϥ࠻Ն௬ҲЗϡ࿡౐Ҟ֥䩟ॸзњЁϥ۱ѓϣϬবӡॶϡԍ

ࡿϣϡӡ֧থࢅРӡॶ֡ڝ䩟ӆױ஼୫ϡдّ䦚ӹٷڈਡׄঈࡄڲڋܴ UniFL ӥѴҖ

҇ӡ֧Ҥ֚ϡֲׁ䦚

থࡿ UniFL ϡऴӆڽЂϥ䩭ԗࡄਡࠏഉྱथЋϣ҇૮ݮ஼୫䦚ۥӊࡄਡࠏഉӡ֧

Ҥٍ֚ѓϡϥࡄਡׄঈϡ࿡౐䩟जԷ࿡౐єୂНйҳ٣ӊ૮ݮ஼୫䦧True䦨ϡ࿡౐䦚س

஼୫ݮϡ૮׏ਡׄঈҩ࿡౐䩟цࡄ True ӎ҈Ͽҩ࿡౐䩟׍ॸԷԼߚЋѐၼю߹䦚ӆҹ

ӡॶ Truee ԣܾڗϣࡄਡׄঈ e ӛц׏ϡ஼୫ True䦚ӹױ䩟ࡄਡׄঈ e ϡ࿡౐Нй֡

РЎӌϡ޼׆ԮྱڍथюЋ஼୫࿡౐䩟ԪґӥѴԗࡄਡࠏഉӡ֧Ҥ֚Ѕϡ࿡౐ّࣝྱ

थϺڋࢅԛ݆ՆҤ֚Ѕϡ૮ݮ஼୫࿡౐䦚

F(Truee) = F0(Truee) = f ailed(e)

S(Truee) = S0(Truee) = passed(e)

஼୫ϡԳڲڋഉӡ֧Ҥ֚Ѕϡըছ߯ຽ៲ّНйѓϱࠏਡࡄ䩟ЋϦٍЏऴӊ֔ױ

ϴԛдّ䩟ϢЙ֡РЎӌϡԍܴӡॶц׏ϡّࣝ޼׆Ԯڍ䩭

f ailed(p) = F(p)

passed(p) = S(p)

ؑϴڀҺϡϥ䩟Ϩϼӌϡ޼׆ԮڍЅ䩟ϢЙٍѓ F(p) ф S(p)䩟ґϤϥ F0(p) ф

S0(p)䦚֍ӹϥҒҝٍѓњٷ䩟ъАцӊԮ࠾ӎϣϬࡄਡׄঈϡӛϩ஼୫ԗϿϩԚӎϡ

дّ䦚ط޼ҦЛ䩟ϢЙԗ૮ݮ஼୫ӑЋࡄਡЅࡆԈ֧ঞϡ૮ݮਢд䦚֡Рٍѓϼ਎ϡ

ڋࢅഉӡ֧Ѕٍѓϡըছ߯ຽԍܴфऴӊࠏдऴӊ߇ЎϱӆҹԗϤӐב䩟ϨڍԮ޼׆

݆Նӡ֧Ҥ֚ЅϡԳϴԛ߯ຽԍܴ䩟ࢅ׍ϣीӑըছ߯ຽԍܴ䦚

Ѽґ䩟࣠ࣝϼӌϡࠧ࢓ೀཾϢЙҌѬҖणӡ֧Ҥ֚ϡӡֲ֧ҝϥϤϣ҈ϡ䩭ऴӊ

ԛ݆Նϡӡ֧Ҥ֚ၖҘֲڋࢅԷдّ䩟ґऴӊߵਡׄঈࡄഉϡӡ֧ၖҘֲҝϥࠏਡࡄ
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ҝϥ૮ݮ஼୫ߵԷдّ䦚ЋϦٍЏзњӡֲ֧ҝࢅϣ䩟ϢЙӡॶϨࢅϣϡӡ֧থࡿЅ䩟

ၖҘϡֲҝЋࡄਡׄঈߵԷдّ䦚ϢЙӡॶ៲ّ c Ћӎϣࡄਡׄঈӛц׏ϡӛϩϤӎ

஼୫ϡֲׁ៲ّ䦚ϣ҇؀ߣϡ࣏ܴНйϥԼзϽߚ䦚ӹױ䩟ѯӡ๭ᤋ៲ّ s фըছ߯

ຽ៲ّ r њ䩟ࡄਡׄঈ e ϡըছ߯ຽдّНй֡РЎӌϡԍܴڲڋ䦚

c(s,r, e) = maxp∈s(e)r(p)

ᆨϼӛ਎䩟Ӿѯӡ๭ᤋ៲ّ s䦙ըছ߯ຽ៲ّ r䦙ཇ֏៲ّ gйߵ஼୫ֲׁ៲ّ c䩟Ϣ

Йӡॶࢅϣϡӡ֧থࡿԍܴЋ䩭

UniFLs,r ,g,c(E) = {(e,maxei ∈g(e)c(s,r, ei))|e ∈ E} (4.3)

4.3.3 ⰵ⧩➝㖷⛶⌴➶㣨

ऴӊҷ4.3.2ڝЅ٤оϡࢅϣઑထӡ֧থࡿ䩟ఱцথࡿЅϡףϬНԸۅ֏䩟ӆ֡ڝ

Рӥࢅڍࡑԛсд໯Җ҇ӡ֧৔भϡֲׁҤܴ䦚۰܏䩟ҷ4.3.3.1ڝೀཾцԝд໯ӥࡑЅ

ٍѓϡّࣝओ䦚Էҋ䩟ҷ4.3.3.2ڝೀཾࢅϣӡ֧থࡿ UniFL ϨӥࡑЅϡࡢՄࡈঞ䦚з

њ䩟ҷ4.3.3.3ڝфҷ4.3.3.4ڝдԆೀཾֲҝд໯ϡ֏֝ކࡣфҤ֚ӥѴ䦚

4.3.3.1 㗷⳯⭅

ЋϦࢅڍԛ୳ૢ٤оϡઑထӡ֧থࡿϡӡ֧݌ҝ䩟ӆҹϨઑထӡ֧[6,53] фઑထࢗ

୳ૢ[29,64,113,115]ߒ Ѕܲጷٍѓϡऴّࣝކओ Defects4J[44] ϼՖҲӥࡑд໯䩟ԣ4.1Ѕ࠶о

Ϧ؎ّࣝओϡ૘࢛Ҟ֥䩟ԷЅدଭϱІ 5 Ϭ࣮۵ϡ 357 Ϭѐӥࡄਡઑထ䦚

ԣ 4.1 ઑထӡ֧ӥّࣝࡑओ

㦞ㅅッ⒮ 㐯㦍⢔㗷 ㊿ⴋ■⿵㨾㗷 (kLoC) ㊿ⴋ␌㗎⢔㗷

JFreeChart (Chart) 26 96 2205
Closure compiler (Closure) 133 90 7927
Apache commons-math (Math) 106 85 3602
Apache commons-lang (Lang) 65 22 2245
Joda-Time (Time) 27 28 4130
⧩⭜ 357 321 20109

4.3.3.2 ➶㣨㢞⛪㈨㺥

ЋϦ୳ૢࢅϣӡ֧থࡿϡ݌ҝ䩟װϺׁ޸ϡֲׁҤܴ䦚ӆҹԗఱцࢅϣӡ֧থࡿ

ЅϡףϬНԸۅ֏ (ԋԍܴ4.3) дԆ෬౱ϤӎֲׁҤܴϡӡ֧݌ҝ䦚ϨӥࡑЅ䩟ӆҹಈ

ѓସءԸ֚֝୳ૢϤӎۅ֏ϡؙড়䦚ӹױ䩟Ϩ୳ૢࡆϣࡢՄۅ֏цӡ֧݌ҝϡؙড়З䩟

Էјۅ֏ԗٍѓц׏ϡࡈڶࢪঞفخϤԸ䦚֔ױ䩟ӆҹϨӥࡑЅϨ៲ّٛԆӡ֧ઑထ
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֏ۅЅϡϤӎࡿԗцথڝЎϱ䩟ӆבԣ䦚࠶ّ៲оӮשӡ֧ϡֲҝϥϣϬԃس䩟ڷڊ

ϡࡈঞдԆ૘࢛ೀཾ䦚

(1) 㢯╰㺸⹮ (s) ࣠ࣝϼҹϡೀཾ䩟ԗࡄਡࠏഉྱथЋࡄਡ஼୫њ䩟ϢЙϩѸழࣥϡ

૮ݮ஼୫䦚ЋϦ୳ૢϤӎ஼୫цӡ֧݌ҝϡؙড়䩟ӆҹ࣠ࣝ஼୫ϡ҇णՖҲдॵ䦚ц

ӊڋࢅԛ݆ՆҤ֚Ѕϡ஼୫࣊ѼٍѓԷ֍ϩϡдणҤ֚䩟ࡄਡࠏഉ޼׆ЏϺϡ஼୫؀

ӜЋܞӑЋϣॵ䩟ЋϦᆡ਎Ҥ۬ԗԷݼ SBFL䦚ӹױ䩟ӥࡑЅϣ࢕ϩףण஼୫䩟дԆϥ

branches䦙scalar-pairs䦙returns ф SBFL䦚ڶࢪєୂЎ䩟ӥࡑЅٍѓӛϩणԆ஼୫䦚

(2) ⟇㦅㋂⤜⤇㖷 (r) ЋϦԝࢹϤӎϡըছ߯ຽԍܴцӡ֧݌ҝϡؙড়䩟ӆҹӥࡑЅ

ٍѓϦٚϬࡢϩڊԣԛϡऴӊࡄਡࠏഉӡ֧Ѕϡըছ߯ຽԍܴ䩟ϸԈԍܴϨҏӓϡ୳

ૢЅҩܲጷٍѓ[79]䦚ԣ4.2Ѕ࠶оϦࡢՄϡڲڋԍܴ䦚֔ױ䩟࣠ ࣝҷ4.3.1.2ڝϡೀཾ䩟Ӿ

total f ailed = 1 З䩟֍ӆϡԍܴ SDi Ͽ݌׹䦚ЋϦઁࠍԷؙড়䩟ϢЙ๩֔ҍಈѓϦϣ

ϬЈϡڲڋԍܴ NewSD䦚؎ԍܴϥۥ֍ӆϡ SDi ӑіЩۨ҃ґϱ䦚зњ䩟ϨӥࡑЅԍ

ܴ SDi(سԍܴ4.2) ࣊Ѽҩಈѓ䦚ئቕϡ䩟ϨӥࡑРࡄЅ䩟ٍڶࢪѓϡԍܴϥ Ochiai䦚

ԣ 4.2 ઑထӡ֧ըছ߯ຽԍܴ

ッ⒮ ⤇㖷 ッ⒮ ⤇㖷

Ochiai[2] f ailed(p)√
total f ailed ·( f ailed(p)+passed(p))

Tarantula[42] f ailed(p)/total f ailed
f ailed(p)/total f ailed+ f ailed(p)/totalpassed

Barinel[1] 1− passed(p)
passed(p)+ f ailed(p) DStar†[108] f ailed(p)∗

passed(p)+(total f ailed− f ailed(p))

Op2[73] f ailed(p)− passed(p)
totalpassed+1 NewSD‡ 2

1/Increase(p)+log(total f ailed)/log(F(p)+1)
† ԍܴЅϡԸ֝ ∗ϥԜّݱ䩟ϨӆӥࡑЅϢЙಈѓҏӓ୳ૢЅϡޕঞ[79]䩟ԗԷޕঞЋ 2䦚
‡ ԍܴ NewSD Ѕϡ៲ّ Increase(p) фԍܴ4.2Ѕϡϣঊ䦚

(3) 㗷⳯㚉⭅⻯⛪ (g) 䩟Ϩӥױঞ䦚ӹ֧ڷڊϥϨ៲ّٛԆӡ֧ӮணࡣӊϢЙϡ۵ۥ

цӊ៲ّٛԆϡسԆ䦚ٛطܬЅϢЙಈѓҖّ҇ࣝഎओϡཇ֏䩟дԆϥ៲ّٛԆфࡑ

ّࣝഎओ䩟ཇ֏៲ّ g ϿԗҟϬ៲ّྱथϺؚӆӱ䦚ґٛطܬԆϡّࣝഎओϥԗҟϬ

៲ّྱथϺ؎៲ّӛدଭϡӛϩطܬϡओׁ䦚ӥࡑЅ䩟ٍڶࢪѓٛطܬԆّࣝഎओ䦚

(4)㢯╰ⰵ⧩➝㖷 (c) ӥࡑЅ䩟ϢЙಈѓҖ҇ҤܴϱֲׁϤӎϡ஼୫䩟дԆϥԼӛϩ஼

୫ϡзϽдّй۶ߵԛॵׁϤӎ஼୫ϡдّ䦚ئቕϡ䩟Ӿٍѓ۶ԛॵׁЗ䩟ϢЙؑϴ

ऎଚॵׁϡّ࣮䦚ϨӥࡑЅ䩟ϢЙಈѓ۶ԛॵׁ஼୫ SBFL фԷјӛϩϡ஼୫ ԛڋࢅ)

݆ՆҤ֚Ѕϡ஼୫)䦚ЋϦҤ۬ᆡ਎䩟ӆҹԗϼ਎Җֲׁ҇Ҥ֚дԆीЋ MaxPred(س
Max score of Predicates) ф LinPred(س Linear score combination of Predicates)䦚ЎӌϢ

ЙѯоҖ҇Ҥ֚ϡ૘࢛ӡॶ䩟ԷЅ s ф r дԆϥ஼୫๭ᤋ៲ّфըছ߯ຽ៲ّ䦚
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MaxPred ѯӡϣϬࡄਡׄঈ e䩟ӛϩԁ؎ׄঈԚԮϡ஼୫ϡзϽըছ߯ຽдّӑ

Ћ؎ׄঈϡըছдّ䩟س c(s,r, e) = maxp∈s(e)r(p)䦚
LinPred ѯӡϣϬࡄਡׄঈ e䩟ԁԷԚԮϡ஼୫дЋҖחд䩭ϱІӊࠏഉϡ޼׆

(P1) фϱІڋࢅԛ݆ՆҤ֚ϡӡॶ (P2)䦚ԷЅ P1 ∪ P2 = s(e)䦚जׄঈ e ϡըছдّۥ

۶ԛԍܴ c(s,r, e) = (1 − α) · maxp∈P1r(p) + α · maxp∈P2r(p) ৭ӡ䩟ԷЅ α ∈ [0,1.0]䦚
ϡֲׁҤܴϥڶࢪЅࡑ䩟ӥ֔ࡔ LinPred䩟׍ॸ αϡԼߚЋ 0.5䦚

4.3.3.3 ⛪⼋⍖㽜

ϨӥࡑЅ䩟ӆҹಈѓϦҖ҇֏֝ކࡣд໯ӡ֧ϡ݌ҝ䦚

Top-k㷽⪰⿔: ӆ֏֝ކࡣѓϱ߯ຽϩЄվࡄਡઑထНйӡ֧Ϩԃ࠶שԣϡӓ k

֧ঞ䦚݆୳ԣҴ[48]䩟73% ϡ܀ԁڶٷЋഠݓӓٚϬԃשоӮ֧ঞϥНйҩבիϡ䦚Ӫ

লӛϩϡ܀ԁڶٷЋഠݓϡ֧ঞ׏؎ϤսРӓ 10 Ϭ֧ঞ䦚ӹױ䩟ϨӥࡑЅӆҹಈѓ

k ∈ {1,3,5,10}䦚֔ױ䩟цӊІ҃ߒࢗ৔भґߞ䩟ԷоӮٕڷڊЏ֧ঞքۻӓ䩟؎ઑထ

ҩԜ৭ߒࢗϡมଛӎ҈ϿҶӸ䩟ӎЗНйϩ݌೬ݘݪТϤԜ৭ϡਤ౨䦚ئቕϡ䩟ӾЄ

ϬׄঈࡢϩԚӎϡըছдّЗ䩟ӆҹٍѓӔϩ୳ૢЅϡҤ֚[79,111,118]䩟ѓЅҽ֧ঞӑЋ

ؚЙϡӡֲ֧ҝ䩟׍цٕਡ֧ঞזϼԼݱ䦚

EXAM➶㗷: ӆ֏֝ކࡣϥѓϱ߯ຽэтٷϨװϺоӮ֧ঞЗ䩟ؑϴഠݓϡԃש

֧ঞϨӛϩ֧ঞЅӛ฼ϡԝຎ䦚؎׏ބކࡣϦӡ֧Ҥ֚ϡכ୐ϩ݌ԛ䩟ҩЪЄӔϩϡ

୳ૢӛಈѓ[79,107,109]䦚EXAM дّքڊࠍԣӡ֧݌ҝքϮ䦚

4.3.3.4 ➝➈㖯㦆

ЋϦഎओࡄਡؽҲРࡄЅϡ҃ݮ࿡౐Ҟ֥䩟ӆҹӥѴϦϣϬٛ֝ڴϡࡄਡݮݔ๭

ᤋҤ֚䦚؎Ҥ֚׏ѓ Java ᆟࡢϡϣϬэт֞ߞܬ JDT (Java Development Toolkit) 1 ӥѴ

ц Java ੅ڷϡ๭ᤋ䦚؎ᆟ٤పфழࣥϡ੅ۨࢗڷڊ୙ӑ䩟Нй๭Պ䦙༗ٷڈ޼࿋ङڗ

Һϣڷڊݫ䦚֔ױ䩟؎ᆟ٤పϦثݮݔ໯ԣܼܴणࡿϡЌҨ䩟Ћ஼୫ϡ๭ᤋ٤పϦ۬

۱ (࣊༌णࡿҞ֥)䦚ґॸ䩟؎๭ᤋҤ֚ϤϿц֍ࡄਡϡ௬Ҳ߃юؙحڗড়䦚Էц׏ϡ

੅٤ڷڊపэӵබ՜䩭https://github.com/xgdsmileboy/StateCoverLocator䦚

4.3.3.5 ⛶⌴ⰵ⥗➶㣨

ӆڝ૘࢛ೀཾӥࡑϡֲҝ䩟ࢅࣝ࣠׍ϣӡ֧থࡿ UniFL ЅϡףϬۅ֏дԆॗڹ䦚

⏥㟠㺸⹮㢯╰⛶⛊㢭㨕⥗㱘㦜 ӆڝԗцϤӎणࡿϡ஼୫цӡ֧݌ҝϡؙড়ՖҲцԝ

д໯䦚۰܏䩟ӆҹдԆٍѓ؀ϣ҇णϡ஼୫ՖҲઑထӡ֧ӥࡑ䩟Էӡֲ֧ҝҒ֘4.3aӛ
1 https://www.eclipse.org/jdt
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ܾ䦚ԷЅ่ࡣܩԣܾ஼୫ϡ҇ण䩟࿀ࡣܩԣܾઑထࡄਡϡԝຎ䦚ङױҏ֔䩟ᔉ૮֘ϡ

Ўӌࡣݼ؀оϦц׏ϡ EXAM дّ䦚Ϩҏњϡӥֲࡑҝחܾࣁд䩟ӆҹԗٍѓԚӎϡ

Ҥܴ䩟ҏњԗϤӐᦡ਎䦚ܾࣁ֘

Ԫ֘ЅНйЃо䩟ԚԝӊԷј҇णϡ஼୫䩟branches Ϩ Top-1 ϼϡኗҘଛзҙ䩟ԣ

Ҵ؎஼୫ϡϩ݌ԛ䦚֔ױ䩟஼୫ SBFL Ϩ Top-3 ϼӥѴϦзϮϡ݌ҝ䩟׍ॸࡢϩзЩϡ

EXAM дّ䦚ԚԝӊԷјҖण஼୫䩟س scalar-pairs ф returns䩟஼୫ branches Ϩ Top-1 ኗ

ҘଛϼӥѴϦϽม 0.3-1.8 හϡ݌ҝڢ٤䦚Ϥ঎Ғױ䩟branches ф SBFL Ϩ EXAM дّ

ϼϡԣѴЁހӊ֔ࡔҖण஼୫䦚֡РՖϣ܌д໯тѴ䩟Ͻחдϡࡄਡઑထфֺխطܬ

ԚԮ䦚ґ branches ф SBFL Ёدଭֺխ஼୫䩟ӹױНйԝކࢹ৭сࡧԆࡄਡЅϡԚԮ

ઑထ䩟؎тѴЇӐҋ৭ڶϦҏӓ୳ૢ[92] ЅϡтѴ䦚Ֆϣ܌䩟ЋϦ୳ૢϤӎणࡿϡ஼୫

ҏҽϥਦࡖϨૠਤԛ䩟ϢЙಈ҈ϦϣԈϤӎ஼୫ϡॵׁҤܴՖҲӥࡑ䩟֘ 4.3bϥӥࡑϡ

ֲҝ䦚
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(b) ஼୫ॵׁ

֘ 4.3 Ϥӎ஼୫цӡ֧݌ҝؙড়

Ԫӡֲ֧ҝНйЃо䩟஼୫ SBFL ф branches Җण஼୫ֲׁҏњϡӡ֧݌ҝфٍ

ѓӛϩ஼୫Ӫলϣঊ䩟ԚԝӊԷјϡ஼୫ॵׁҤܴ䩟ڢ٤Ϧ 8.7% Ϻ 42.4% ϡ Top-1 ኗ

Ҙଛ䦚֡ Рцԝ֘4.3aф֘4.3b䩟ֲ ׁϤӎ஼୫৭ӥНй؀ڢ٤ϣ҇ण஼୫ϡӡ֧݌ҝ䦚

ґॸ䩟Ϩ Top-1 ኗҘଛф EXAM дّҖϬҤӌЁϩҴࣸϡ݌ҝڢ٤䩟ԣҴϤӎ҇णϡ

஼୫ࡢϩϣӡϡૠਤԛ䦚

➂㦆 1. ϬԆϮৰपϢ೯ಔЋ冟ࣩକЋӽϮϢ؉ֱ೯ಔю SBFL೯ಔϢԎ߉׵һՑ
ѐсϴ冟ϬԎ׵ЋнϽϩً݉խϺϢӸѣ冟༩ճ൷ѐ Top-1ᓈҵవ僚

⟇㦅㋂⤜⤇㖷⛶⛊㢭㨕⥗㱘㦜 ֘4.4aܾࣁϦٍѓϤӎϡըছ߯ຽԍܴЗઑထӡ֧ϡ

ԍܴ״֍ԛ݆ՆҤ֚Ѕϡڋࢅҝ䦚Ϩ֘Ѕ䩟䦧SD䦨ԣܾऴӊ݌ SDi(ԍܴ4.2)䩟Է൑ϡԍܴ

ӡॶ܀ԋԣ4.2䦚Ԫ֘ЅНйЃо䩟ङϦԍܴ SDi ф NewSD й֔䩟ԷјϡԍܴϨӡ֧

ԁҏӓϡ୳ૢऴӆϣঊ䦚Ѽґ䩟ԪֲҝЅϢЙϿтڹֲ؎Ͻϡई஬䩟׶ҝϼЬϩۘ݌

Ѵ䩟ϱІϤӎӡ֧Ҥ֚ϡըছ߯ຽԍܴ݌ҝԣѴई஬ЪϽ䦚ӥࡑЅ䩟ऴӊࡄਡࠏഉӡ
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֧Ҥ֚ЅϡԍܴҴࣸހӊऴӊڋࢅԛ݆ՆҤ֚Ѕϡԍܴ䦚ӓٷԚԝӊњٷϡڢ٤Нй

ܼϺ 227.9%䦚

ӥকϼ䩟SDi ԍܴϡ݌ҝԣѴࢹईϡϣϬЪԳϴ֍ӹϥۥӊ؎Ҥ֚зՉϥѓӊ׾

ϡԿࡑՆ䦚Ѽґ䩟Ϩӆӥ࠻Рϡ֡۔ϨϤঝϣϬࡖєୂЎ׶ಈ҈䩟ॸ֡ݮਡ૮ࡄϡࡄ

ӡЅ䩟֡ޕ࢓ ౥ϡ䩟ӆҹцԍܴثӛڝՆ䦚Ғҷ4.3.3.2࠻Рϡ֡۔ђϩϣϬ׶ SDi ՖҲ

ϦіЩϡۨ҃ س) NewSD)䩟ֲҝԣҴԷӥֲࡑҝԚԝӊ֍״ϡ SDi ԍܴϨ Top-1 ኗҘ

ଛϼ݌ҝڢ٤ϦҖහЄ (26.9% vs 12.9%)䦚Ԕ۬سҒױ䩟Էӡֲ֧ҝ࣊Ѽԝࠏഉӡ֧Ѕ

ϡԍܴ݌ҝई䦚ϼ਎ֲҝԣҴ䩟ऴӊࠏഉӡ֧Ҥ֚Ѕϡըছ߯ຽԍܴϨӥࡑЅހӊऴ

ӊڋࢅԛ݆Նӡ֧Ҥ֚Ѕϡԍܴ䦚

➂㦆 2. ਅӮࣩକࢭ๧Ԏ׵ЋϢ֫੻ၟࢍՂޮϢԎ߉׵һӕিࠈӮਅӮल۫Ւ߂
քԎ׵ӃעЋϢՂޮ僚ՑՕӮ SDi冟ӼۘЩуԓҊ 227.9%Ϣ Top-1ᓈҵవ܈ۅ僚
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(a) Ϥӎ߯ຽԍܴ
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(b) ّࣝഎओཇ֏

֘ 4.4 ըছ߯ຽԍܴфّࣝഎओཇ֏цӡؙ֧ড়

㗷⳯㚉⭅⻯⛪⛶⛊㢭㨕⥗㱘㦜 ӆڝ୳ૢّࣝഎओϡཇ֏цӡ֧݌ҝϡؙড়䦚֘ 4.4bЅ
طܬϦдԆٍѓܾࣁ (Statement) ٛԆф៲ّ (Method) ٛԆഎओّࣝЗӡֲ֧ҝ䦚Ԫ֘

ЅϡӥֲࡑҝНйЃо䩟ϨٛطܬԆഎओّࣝНйӥѴѸϮϡӡ֧݌ҝ䩟Ѫڹϥ Top-k
(k ∈ {1,3,5,10}) ኗҘଛХϥ EXAM дّ䦚ࡢՄ܇䩟Էӡֲ֧ҝНйӥѴ 69.9% ϡ Top-1
ኗҘଛڢ٤䦚ᆨϼд໯䩟࢛ཇ֏ϡّࣝഎओࡢϩѸϮϡઑထ૮߇ݮдЌҨ䦚

➂㦆 3. ՑՕӮ᫸ںڮԸϢڮঝ๮৛冟ںڒޥԸϢڮঝ๮৛Щу܈ۅ 69.9% Ϣ
Top-1ᓈҵవ僚

Ѩӥϼ䩟ۥӊഎओ஼୫ϨࡄਡؽҲЗϡ࿡౐Ҟ֥䩟࢛ཇ֏ϡّࣝഎओ޴ׯϼϥϿ

ؙড়ӡ֧ϡ݌ଛ䩟ࣔঊѸӗϡӡ֧Зҽ䦚ЋϦ୳ૢّࣝഎओཇ֏ц݌ଛϡؙড়䩟ӆҹ

цӡ֧ϡ݌ଛՖϣ܌д໯䦚ֲҝԣҴ䩟ϨٛطܬԆഎओّࣝԚԝӊ៲ّٛԆഎओّࣝ

ϿഎओϽม 4.1 හّ֝ϡ஼୫䩟ࣔঊ 1.4 හϡؽҲЗҽ䦚ॎѼҒױ䩟ԷݱՄϡؽҲЗҽ

࣊ѼϨѧдވҏֵ䩟ԚԝӊϣԈԷјϡӡ֧Ҥ֚ (ҒऴӊԸ஬ϡӡ֧Ҥ֚֡ؑ׶ϴӪϬ
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ЩЗ)䩟ۥӊ૮ݮ஼୫ّ֝ϡҶӸцӡ֧݌ଛϡؙড়׍ϤϽ䦚

➂㦆 4. ՑՕӮ᫸ںڮԸϢڮঝ๮৛冟ϬںڒޥԸ๮৛ڮঝЃӘԪ 3.1༿צڮϢం
߰೯ಔ冟֖ү঒੩ӘԪ 0.4༿ϢԎ׵СӢ僚ՊߴւԎ׵СӢঊҖϦׂЬѼоࠔ僚

㢯╰ⰵ⧩➝㖷⛶⛊㢭㨕⥗㱘㦜 ӆڝ୳ૢϤӎϡ஼୫ֲׁҤܴцӡ֧݌ҝϡؙড়䦚Ғ

ӓӛ਎䩟ӆӥࡑЅಈѓҖֲׁ҇Ҥܴ䩟дԆϥ MaxPred ф LinPred䦚֘4.5aܾࣁϦӥ

ѓϡӡֲ֧ҝ䦚ٍݼϦҖ҇ӡ֧Ҥ֚؀ܾࣁϡֲҝ䦚ЋϦҤ۬цԝ䩟֘Ѕӎ҈ࡑ

Ԫ֘ЅϡֲҝНйтѴ䩟֡РֲׁҖ҇ӡ֧Ҥ֚䩟ӡ֧ϡކ৭ଛЁϩϣӡϡڢ٤䦚

Ԕϥ䩟Ϥӎӡ֧Ҥ֚ϡ݌ҝڢ٤ϩЪϽईԆ䩟දԷϥఱц Top-1 ኗҘଛ䦚ӥֲࡑҝԣҴ䩟

MaxPred ф֍״ϡऴӊࡄਡࠏഉϡӡ֧Ҥ֚ (SBFL) ҝई஬ЪЩ䩟ґ݌ LinPred Ԛԝ

ԷјҤ֚ӡ֧݌ҝНйڢ٤ 32.6% Ϻ 227.9%䦚Ѩӥϼ䩟߃юϼ਎ϡ֍ӹϨҏӓϡֲҝ

д໯ЅӔҮ٤Ϻ䩟ࡄਡЅӔϩϡֺխطܬ஼୫Нйϩڢ٤݌ӡ֧ϡކ৭ଛ䦚ࡔϣҤӌ䩟

֡РԼзϽߚϡҤܴϤЌϩ݌೬ۥݪӊ؀ϣӡ֧Ҥ֚݌ҝϤϮ৉Պϡ᦯ٸ䦚
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֘ 4.5 ஼୫ֲׁҤّܴ܀ֲׁߵцӡؙ֧ড়

ԝҒѓઑထࡄਡ Math-72 ӑЋຎжՖҲث౥䦚Ӿٍѓ؀ϣϡӡ֧Ҥ֚З (ऴӊࡄਡ

ϩԚӎϡըছ߯ຽдّࡢّ៲שԛ݆Ն)䩟ւϿϩҖϬԃڋࢅऴӊٷڈഉࠏ 1.0 (ऴӊࡄ

ਡࠏഉӡ֧Ҥ֚ЏϺϡҖϬ៲ّдԆϥ m1 ф m2䩟ґऴӊڋࢅԛ݆ՆҤ֚ЏϺϡ៲ّ

дԆϥ m1 ф m3)䩟ࣔঊѐԜоӮϡ֧ঞ៲ّ m1 ٕϨԃשҷԏ֧䦚Ѽґ䩟Ӿٍѓ۶ԛ

ॵׁϡҤܴ (LinPred) ֲׁҖणҤ֚З䩟Ͽԗ m1 ԁԷјϡ៲ّ߇дэӥѴѸކ৭ϡӡ

֧䦚Ԛބϡ䩟ٍѓԼзϽߚϡҤܴ (MaxPred) ֲׁЗ䩟Ϥ঎ϤЌ߇д֍ϩϡ m1 ф m2䩟

ӎЗϿ৉Պ m3䩟Ֆϣࠍઁ܌ӡ֧ϡކ৭ଛ䦚

ӥকϼ䩟Җ҇ݼ߹ϡӡ֧Ҥ֚ϨԑڹϼЁࡖϨٿІϡހઑѢ䦚цӊऴӊࡄਡࠏഉ

ϡӡ֧Ҥ֚ۥ䩟 ӊࡄਡࠏഉྱथϺࡄਡ૮ݮЗц׏Ϧ֝׶True䩟ӹױ䩟цӊϨӎϣֺ௬

ҲբዓЎϡࡄਡׄঈ׍Ьϩ߇дЌҨ䩟ٍسϨؽҲϡРࡄЅࡄਡϡ૮ݮНЌϿࡖϨई

஬[127]䦚цӊऴӊڋࢅԛ݆Նϡӡ֧Ҥ֚䩟ۥӊ૮ݮ஼୫ۥϪ֞Ѩ܏ӡॶ䩟ђϨϣԈئ

ӡϡࡄਡ֧طܬঞࡖϨ䩟ԝҒᔼٷڈطܬߚၖҘطܬ䩟ࣔঊϨϣԈϤࡖϨ஼୫ϡࡄਡ
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֧ঞϤЌࡧԆࡄਡ֚ۘ૮ݮ䦚֡РֲׁҖ҇ӡ֧Ҥ֚䩟НйϨϣӡࡄ֏ϼ቉ਤ؀ϣҤ

֚ϡઑѢ䩟ӥѴ݌ҝϡڢ٤䦚ԝҒцӊЎӌϡઑထڷڊ (Listing 4.1)䩟ҷ 2 Ҳϡreturnܬ

ϤЩӊߚϨӮண䩟ϴؒҤ֚ϡၖҘࡖط 0䦚঎঎࣠ࣝࡄਡࠏഉӡ֧䩟؎оӮڷڊϨԃש

ҷ֧ࡂঞ䦚Ԕϥڋࢅԛ݆ՆЅϡ஼୫sumYY-sumXY*sumXY/sumXX<0ӅϮቫԅϦ؎ઑထ䩟ԗоӮ

֧ঞٕϺϦҷϣ֧ঞ䦚णঐϡ䩟цӊઑထ Math-53䩟ֲׁࡄਡࠏഉӡ֧Ҥٍ֚ЏоӮ֧

ঞۥҷٕࡏϺϦҷϣ䦚

1. public double getSumSquareErrors() {

2.- return sumYY - sumXY * sumXY / sumXX;

3.+ return Math.max(0d, sumYY - sumXY * sumXY / sumXX);

4. }

Listing 4.1 ઑထࡄਡ Math-105 ϡߒࢗਤ౨

࣠ࣝд໯䩟Җ҇Ϥӎϡӡ֧Ҥ֚ࡢϩϣӡϡૠਤԛ䦚ЋϦՖϣ܌෬ૢјЙҏҽϡ

ૠਤԛйߊНЌٿעࡽІϡઑѢ䩟ϨӥࡑЅӆҹՖϣ܌୳ૢϦҖ҇Ҥ֚Ϩ۶ԛॵׁথ

ّڍЎ䩟ࡿ αцֲҝϡؙড়䦚֘ 4.5bЅܾࣸϦц׏ϡӥֲࡑҝ䦚ئቕϡ䩟Ӿ α = 0 З䩟Է

ӡֲ֧ҝ௕٩Ћ؀৞ٍѓࡄਡࠏഉϡӡֲ֧ҝ䦚Ԫ֘ЅНйЃо䩟ӾّڍϨ [0.4, 0.8]
౒ࣻҏֵЗ䩟LinPred Ҥܼ֚ϺзϮϡϡӡ֧݌ҝ䦚ϨӆӥࡑЅ䩟ӆҹ঎঎෬౱ϦҖ҇

ԝ؀ߣࢹϡॵׁҤܴ䦚܉ߊҒױ䩟ԪֲҝНйЃоֲׁҏњϡҤ֚ހټ״ӊ؀ϣϡӡ

֧Ҥ֚䦚

➂㦆 5. עӃ׵քϢԎ߂๧юਅӮल۫ࢭՒੑ؏ਅӮࣩକݨ (LinPred)ՑՕӮչс
ϿࡲϢӃޮ (MaxPred)Щу܈ۅ 23.2%Ϣ Top-1ᓈҵవ僚ځᑻϢ冟ԯݨՒੑ؏Ϣڮۯ
Ϭ [0.4, 0.8]ඛূ؄С冟LinPredϮсϴԎ߉׵һ僚

4.3.4 㐯㦍⛊㢭⭒㗯 PredFL

࣠ࣝӓӌϡд໯䩟֡РֲׁҖ҇Ϥӎϡӡ֧Ҥ֚Нйϩڢ٤݌ӡ֧ϡކ৭ଛ䦚ӎ

З䩟࣠ࣝцࢅϣӡ֧থࡿ UniFL д໯тѴ䩟ٍѓ۶ԛॵׁҖ҇Ҥࡑϡцԝӥ֏ۅϬף

֚НйԅЏзϮϡӡ֧݌ҝ䦚ऴӊױ䩟ӆҹ٤оϦϣϬЈϡઑထӡ֧৔भीЋ PredFL䦚

؎Ҥ֚ಈѓ UniFL থֲׁࡿऴӊࡄਡࠏഉфऴӊڋࢅԛ݆Նӡ֧Ҥ֚䩟ࣝ࣠׍цԝд

໯ϡֲҝцӡ֧থࡿЅϡףϬۅ֏ಈѓҒЎࡈঞ䦚

• 㢯╰㺸⹮䦚Ԫцԝд໯ЅНҌ䩟Ӿٍѓӛϩ҇णϡࡄਡ૮ݮ஼୫З䩟ઑထӡ֧

ϡ݌ҝӥѴз૟䦚ӹױ䩟Ϩ PredFL Ѕٍѓӛϩ૮ݮ஼୫䦚

• ⟇㦅㋂⤜⤇㖷䦚࣠ࣝцԝֲҝ䩟PredFL ٍѓऴӊࡄਡࠏഉЅϡ Ochiai ԍܴڲڋ

૮ݮ஼୫ϡдّ䦚
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• 㗷⳯㚉⭅⻯⛪䦚܉ߊϨٛطܬԆഎओ૮ݮ஼୫ϡ࿡౐Ҟ֥ϿҶӸӡ֧ϡЗҽ䩟

ԔϥԷւЗҽ࣊ѼЩӊ 3 дވ䩟ґӡ֧ϡކ৭ଛ׊Нйڢ٤ԗײ 70%䦚ӹױ䩟

PredFL ಈѓٛطܬԆϡّࣝഎओҤܴ䦚

• ⰵ⧩➝㖷䦚֡РӥֲࡑҝтѴ䩟ٍѓ۶ԛॵׁҖण૮ݮ஼୫ (дԆϱІࡄਡࠏഉ

фڋࢅԛ݆Ն) ϡдّНйϩ؀עࡽ݌ϣ҇ण஼୫ϡઑထ䩟ӥѴӡ֧݌ҝڢ٤䦚

ӹױ䩟PredFL ٍѓ۶ԛॵׁҤֲׁܴҖण஼୫䦚

ӹױ䩟ӾѯӡϣϬઑထࡄਡ䩟֡ РؽҲ࠻Նओׁ PredFL І҃എओࡄਡؽҲЗϡࡄ

ਡׄঈф૮ݮ஼୫ϡ࿡౐Ҟ֥䩟ٍѓӆڝӡॶϡࢅϣӡ֧থֲׁࡿҖّ҇ࣝҞ֥䩟з

њၖҘԃשоӮ֧ঞ࠶ԣ䦚

4.4 ⫑㲂☉⢔㬥⺋☨⏣⛃㔶⒱⭒㗯

Ҥ֚ҩ٤ߒࢗЄёϡ୳ૢ䩟ӔҮϩЪЄІ҃٩ઑထ֐ҮРϦ܉ߊೀཾ䩟࢓ࠧࣝ࣠

оϱ[51,104,113,115,117]䦚Ԕϥ۵ӓϡઑထߒࢗ৔भ࣑Ѫϩ݌Ҥ֚ࠏۘߒࢗ໪ઑထ䩟ԷЅϡϣ

ϬԮඡԡѢϥцӊۘࠏ໪ϡઑထ䩟ઑྩϩ݌ϡਤ౨ТюҤ֚䦚۵ӓ݌ߒࢗҝԝࢹϮϡ

থ५ϡਤ౨ТюҤ֚䩟ԝҒߒࢗҰϴϥ࣊༌ࡢ֞ߒࢗ PAR[46]䩟ELIXIR[87] ҳԔϥцӊ

ϣҤӌѴࡔѓЅԡйӥѓ䩟׏ϡਤ౨থ५Ϩӥকߒࢗ໪ϡઑထ䩟ϣҤӌϪ֞ӡॶࠏۘ

ϩϡІ҃ߒࢗ٩থ५ѺܠҤ֚ԡй؝ԑۘࠏ໪ઑထϡّࣝ҈ӆ֝Щϡ՜֣䦚ӹױ䩟୳

ૢҒحԪЩ҈ӆّࣝЅІ҃٩Ѻߒࢗܠਤ౨ϥࠏۘڢ٤໪ઑထߒࢗϡϩ݌ಬዓ䦚

䩟ϣױ੗Нйҩԍэබ՜фٍѓ䩟ӹࣄߒࢗаϽ֝઱խϡэ੅䩟֋֝ϡ઱խઑထڦ

ԈІ҃ߒࢗ٩Ҥ֚൪ՆԪϸԈّࣝЅІ҃ᅝᜨઑထߒࢗਤ౨ϡТюਤ౨[7,61]䩟ЋІ҃

੗٤Լ֡ѓϡࣄߒࢗϡಬዓ䦚Ѽґ䩟࣠ࣝ݌থ५٤Լ٤పϦϣ҇ϩߒࢗҤ֚ϡߒࢗ٩

䩭(1)ږଭҖҤӌखد؀䩟ҰϴߣϤ׍থ५ߒࢗ থ५ϡԣܼ࣏ܴ䩟ؚԗؙড়ਤ౨থߒࢗ

५ϡ֡ѓԛйߵԣܼϡЌҨ䦚ӛй䩟ӡॶׁ޸ϡথ५࣏ܴϥথ५ѺܠϡϣϬԳϴֵب䦚

(2) ڈӡϡԸ֝ئଭϣԈ࣮۵دϱІӊϤӎϡ࣮۵䩟Ͽۨࢗڷڊӊۥ䩟ࢣࢻথ५ϡߒࢗ

Нߊϩ֡ѓԛ䩟ӎЗҍЌࡢਤ౨থ५ٍЏԷϨϤӎϡ࣮۵ϼࢣࢻحѓҳ䩟Ғّ݆៲ٷ

Ќ࢙خথ५ϡԜ৭޸ѓԿ࢓ϥϣϬԳϴखږ䦚ఱцҷϣϬखږ䩟ӔϩϡҤ֚ϣડٍѓ

ஔ֚ܬࢣࢻ (Abstract Syntax Tree) ϡ࣏ܴԣܾۨࢗڷڊথ५[7,61]䩟؎Ҥ֚ۥӊҰϴߎഒ

䩟ѴϩҤ֚Ұϴږॶ䦚цӊҷԏϬखܬਡϡࡄพ䩟ࣔঊϤЌЪϮϡԣֲܼ֚ܬਡϡࡄ

࣊༌ԪϽ֝ϡ҈ۨࢗຎЅѺ[7,61]ܠ䩟֡Р࢕߈خϩئ෥࿋ङई஬ئ෥цۨࢗথ५ՖҲ

ԋϡઑထ׶ߒࢗϡਖ୞҈ӆ䩟Ұϴߒӊ࣊༌Ͻ֝ԳۥणҤ֚ױ䩟ױ䦚ӹࢣࢻ (Ғ܋׺ఱ

Ӯண)䩟ґϤЌ؝ԑۘࠏ໪ઑထ䦚

ఱцϼӌϡखږ䩟ӆ٤ڝоϣ҇֡ѓϡۨࢗڷڊІ҃٤ԼҤ֚ GenPat䩟؎Ҥ֚ࡽ

ࢗڷڊຎ٤Լ҈ۨࢗڷڊ੗ϡ࣊༌䩟Нй࣠ࣝ؀ϬϡࣄۨࢗߒϦѴϩҤ֚цϽ֝Գע
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ۨথ५䦚࣠ࣝҷѧאϡд໯䩟этٷϨߒࢗઑထЗНй࣠ࣝழࣥϡэтҮࡑ (Ϥϥߒࢗ

Үࡑ) ਡϼ䦚իϼ਎೩т䩟GenPatࡄઑထשϺӾӓԃߒࢗϬࡆ੗Ѕϡࣄࡈ޸ ϡԷऴӆڽ

Ђϥ䩭㖳㱫㊷➑☨⵺㴚■⿵⶛⟞㺺⡒㩌⡢☨➧㊷➑㩂䦚ࡢՄ܇䩟GenPat ٍѓڷڊս֘

ϡֲพԣܾۨࢗڷڊথ५䩟Нй҅ࢽсԣܼࡄਡϡֲ֚ܬพйࡄߵਡܬॶҞ֥䦚Էҋ䩟

GenPat 䩟ϨࡄРࢣࢻЅϡথ५ࡄথ५٤ԼРࣔ܋٧ԛѓϱڷڊЅϡڷڊэ੅ڋࢅѓ׏

䩟GenPatױথ५ϡ֡ѓԛ䦚ӹ࢙ۨࢗخϡӎЗ࢓ѓԿ޸৭ᆡ਎থ५ϡކ Ћࠏۘߒࢗ໪

ϡઑထ٤పϦϩ݌ϡਤ౨থ५І҃٤ԼҤ֚䦚

4.4.1 GenPat⭒㗯⡣⹎
ӆڝೀཾ GenPat ϡࡢՄ֞ӑԵࡄ䦚GenPat থ५ۨࢗڷڊ䩟дԆϥݫଭҖϬ႒د

(޼Ըڷڊڈ) Ԑआ႒ݫфڷڊԸ׏޼ѓ႒ݫ䩟Ғ֘4.6ӛܾ䦚ϨԐआ႒ݫ䩟ѯӡϣцࢗ

ۨӓњϡ҈ຎڷڊ䩟GenPat ϿԗԷ޼׆Ћڷڊս֘ϡԣܾ࣏ܴ䩟֡Рцԝڷڊई஬٤

Լۨࢗڷڊ୙ӑ䩟зњ֡Рд໯֋֝ۨࢗࣔ܋ڷڊথ५ϡࢣࢻРࡄ䦚Ϩ׏ѓ႒ݫ䩟Ӿѯ

ӡϣϬڷڊәݫ䩟۰܏ԗԷ޼׆Ћڷڊս֘ԣܾ࣏ܴ䩟ѼњԁӔϩϡۨࢗথ५ՖҲጃ

䦚ϨۨࢗڷڊϼӥѴڷڊשѓϨԃ׏୙ӑۨࢗڷڊ䩟जԗথ५Ѕϡۋюࡈ䦚Ғҝጃࡈ

ҷ4.4.2ڝ䩟ӆҹ۰٩ܴ࣏܏ӡॶ GenPat Ѕಈѓϡڷڊս֘ԣܾ䦚Ѽњ䩟ऴӊ؎ԣܾ࣏

ܴҷ4.4.3ڝфҷ4.4.4ڝдԆೀཾ GenPat ֞ӑԵࡄЅϡҖϬ႒ݫ䦚

修改之后
代码超图

需要匹配修改的候选代码

被修改代
码元素

代码修改模板

修改之
前代码 修改之

后代码

提取代码超图

修改之前
代码超图

提取代码修改
抽象修改模板

代码元素/属性/
关系选择

被修改代
码元素

被修改代
码元素

模板匹配 应用修改

被修改代
码元素

被修改代
码元素

应用阶段：

推断阶段：

֘ 4.6 GenPat ৔भมऊ

4.4.2 ■⿵㩌⡢ㄩ⊓⛊㯏

Ϩೀཾۨࢗڷڊথ५ϡԣܾҏӓ䩟ϢЙ܏ೀཾϣϬۨࢗڷڊϡӥຎ (ҒListing 4.2ӛ
ܾ)䦚Ϩ؎ܾຎڷڊЅ䩟й䦧-䦨в״ϡڷڊҲԣܾڷڊߒࢗઑထЗ࿋ङϡڷڊ䩟ґ䦧+䦨в״

ϡڷڊҲԣܾЈҶӸϡڷڊ䦚ԷЅ䩟ϼחдۨࢗڷڊϥϣϬܾຎۨࢗ䩟ϢЙؑϴ࣠ࣝ

ϼ䩟ӥѴݫәڷڊдחٻѓϨЎ׏থ५䦚зњӐԗ؎থ५ۨࢗ٤ԼϣϬ֡ѓϡۨࢗ؎

Ԛঐϡۨࢗ୙ӑ䦚ϨבЎϱϡೀཾЅ䩟ӆҹԗٍѓ؎ຎжث౥ԚԮม݉䦚
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// first case for pattern generation

67. Description createDescription(Class<?> testClass) {

68. - return new Description(testClass.getName(), null, testClass.getAnnotations());

68. + return new Description(testClass.getName(), testClass.getAnnotations());

69. }

// candidate place to apply the above pattern

34. Description createDescription(String name, Annotation... annotations) {

35. - return new Description(name, null, annotations);

35. + return new Description(name, annotations);

36. }

Listing 4.2 ӥຎۨࢗڷڊ

࣠ࣝҏӓϡೀཾ䩟ѴϩϡҤ֚Ұϴ࣊༌ࡄਡϡ֚ܬஔֲพ䦚ЋϦۨࢗڢ٤থ५ϡ

ԣܼЌҨ ս֘ϡֲพڷڊԛ䦚ӆҹ٤оٍѓ҅ࢽ䩟ӎЗҶӸথ५ϡԣܼ(ॶܬф֚ܬ)

ԣܾڷڊϡۨࢗথ५䦚ЋϦҤ۬ᆡ਎䩟ӆڝԗѯоϣԈӜ୫ϡӡॶѓӊᆡ਎ۨࢗڷڊ

থ५䦚цӊѯӡϣϬڷڊәݫ䩟фӔϩϡҤ֚णঐ䩟ӆҹϡҤ֚۰܏ԗثڷڊ໯юࢻ

ஔ֚ܬࢣ (Abstract Syntax Tree) ֲพՖҲд໯䩟ӆҹԗ֚ܬஔЅϡҟϬڝѢीЋϣϬڊ

ϡ׏Ѣӛцڝ؎٧ԛҞ֥䩟ӆҹԗԷӡॶЋڷڊঈϿϩϣԈׄڷڊҟϬױঈ䩟ӹׄڷ

ঈϡ࣏ܴ٩ӡॶ䦚ׄڷڊঈϡ٧ԛ䦚Ўӌѯоׄڷڊ

⛊㯏 4.1. ੧ؑܣ۪) (Code Element))冟Ϥϲ۪ؑܣ੧Щу՝޸ћϤϲՃؑੑ 〈id,attrs〉僚
ճЋ id Ϩ۪ؑܣ੧Ϣ ID冟ѣӮఘϤऌऑؑܣ٥۪੧僚attrs Ϩզࣤؑܣ٥۪੧Ϣ۪ܣ

ՒϨϤϲՃؑੑۈՒϢ৛؏冟үҽϲۈ 〈name, value〉冟name ϨۈՒϢԇਕ僙value Ϩ

僚ࡲՒϢչۈ٥

RetStmt

ClassInsCreation

MethInv NullLiteral MethInv

Id: p2
Node Type : ClassInsCreation
Content : new Description(...)
Value Type: Description

Id: p1
Node Type : RetStmt
Content : return new Description(...)
Value Type: ⊥

Id: p3
Node Type : MethInv
Content : testClass.getName()
Value Type: String

Id: p4
Node Type : NullLiteral
Content : null
Value Type: Object

Id: p5
Node Type : MethInv
Content : testClasses.getAnnotations()
Value Type: Annotation[]

RetStmt

ClassInsCreation

SimpleName NullLiteral SimpleName

Id: n2
Node Type : ClassInsCreation
Content : new Description(...)
Value Type: Description

Id: n1
Node Type : RetStmt
Content : return new Description(...)
Value Type: ⊥

Id: n3
Node Type : SimpleName
Content : name
Value Type: String

Id: n4
Node Type : NullLiteral
Content : null
Value Type: Object

Id: n5
Node Type : SimpleName
Content : annotations
Value Type: Annotation[]

MethDecl

Class<?> testClass

MethDecl

String name Annotation[] annotations

Id: n7
NodeType : ...

Id: n6
NodeType : ...

: 无关代码元素
: 无关元素关系

: 模板中需要被匹配的代码元素
: 模板中需要被匹配的元素关系

: 被修改的代码元素
: 数据依赖关系

: 匹配上的代码元素
: 匹配上的元素关系

代码修改模板: 匹配示例:

Id: p6
NodeType : ...

֘ 4.7 GenPat ѓӥຎ׏

۵ӓ䩟GenPat ϡӥѴҰϴߎഒѧ҇णࡿϡ٧ڷڊԛ䩟дԆϥ֚ܬஔڝѢणࡿ (AST
node type)䦙ڷڊҹӆҞ֥ (content) фԣܼܴϡߚणࡿҞ֥ (static value type)䦚ԷЅڝѢ

णࡿԣܾцڝ׏ѢϨ֚ܬࢣࢻஔЅϡणࡿ䩟Ғ statement ڈ variable ҳ䩮ҹӆҞ֥ԣܾ
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ڈላ၌ԣܼ࣏ܴ䩟Ғa+bܒϡڷڊ >=ҳ䦚зњ䩟ߚणࡿԣܾࡆԣܼܴϨणࢅڍࡿ 1 Ѕϡ

ቕϡ䩟GenPatئintҳ䦚ࡿणߚّݱٷڈStringࡿላ၌णܒєୂ䩟ҒߚՄԼࡢ ٍѓԣܼ

ܴϡݮݔд໯णࡿ䦚цӊϼ਎ϡܾຎڷڊ䩟֘4.7ܾࣁϦцڷڊ׏ϡ֚ܬஔֲพ (ӥক

ϼϥԟݱϡֲ֘ڷڊพ䩟ѓӊҏњϡೀཾ)䦚ԷЅϡڝѢ p1 ф p2 ц׏Ϧׄڷڊঈ䩟ґ

RetStmt ф Description дԆϥҖϬڝѢϡڝѢणࡿфߚण٧ࡿԛ䦚

࣠ࣝϼӌϡೀཾ䩟ׄڷڊঈྱބϦڷڊЅϤӎڝѢϡئ෥䩟د၉ֲพфणࡿҳ䩟׊

ϤЌԣܼׄঈҏҽϡԮڍ䦚Ўӌӆҹӡॶڷڊս֘ѓϱԣܾׄڷڊঈҏҽϡԮڍ䦚

⛊㯏 4.2. נׂܣ۪) (Code Hypergraph))冟Ϥϲ۪נׂܣϨϤϲՃؑੑ 〈E,R〉僚ճЋ E

ϨϤϲ۪ؑܣ੧Ϣ৛؏冟RϨϤϲٍϢ৛؏冟੕ҽ؉ٍϨϤϲՃؑੑ 〈rname,r〉僚ճЋ
rname ՝ؑܣ۪޸੧Ϣզۯԇਕ冟r ⊆ Ek ՝٥ٍ޸ԆզࣤϢ E ЋϢ k ϲؑ੧ (Ϥற
k ≥ 2)僚

ԑڹϼ䩟ڷڊս֘ЅϡԮڍ r ૽НйϥѪ׷זЇНйϥϩ׷ז䦚ӥকЅ䩟GenPat
۵ӓدଭѧ҇ϩזԮڍ䩭(1) ୊ڝѢԮڍ䩟ѓӊᆡ਎Ϩ֚ܬࢣࢻஔЅϣϬׄڷڊঈϥࡔ

ϣϬׄڷڊঈϡ୊ڝѢ䩟Ғ֘4.7Ѕϡ p1 ϥ p2 ϡ୊ڝѢ䦚(2) ࢻ䩟ѓӊᆡ਎ϨڍԮ܏ྥ

ϡڍѢԮڝϥ୊ڍԮ܏Ѣ䦚ӥকϼྥڝ܏ϣϬׄঈϡྥࡔঈϥׄڷڊஔЅϣϬ֚ܬࢣ

䩟Ғ֘4.7Ѕϡدခഴت p1 ϥ p3䦙p4 ф p5 ϡྥڝ܏Ѣ䦚(3) ّࣝ࣊༌Ԯڍ䩟ࡢՄ܇ϥР

ҽϡԸ֝䦧ӡॶ-ٍѓ䦨(define-use)ࡄ Ԯڍ䩟Ғ֘4.7ЅϡԸ֝annotations Ѣڝ) n5) ࣊༌៲

ّϡلّ܀Ҵ Ѣڝ) n7)䦚ױۥНԋ䩟ӓҖ҇Ԯ׏ބڍϦڷڊϡֲพئ෥䩟ґзњϡّ

ࣝ࣊༌׏ބϦࡄਡϡܬॶҞ֥䦚Ϩ GenPat Ѕӆҹಃଯସ࣊ء༌ϱ೬ڷڊٛ֝ڴݪд

໯Ѕϡ䦧Рײঐ䦨(over-approximation) ՜֣[93,116]䦚ԪϼӌϡӡॶНйтѴ䩟ӆҹЅӛ٤о

ϡڷڊս֘Ϥ঎دଭϦ֚ܬࢣࢻஔϡֲพ䩟ӎЗدଭڷڊϡܬॶҞ֥䦚֔ױ䩟ۥӊԷ

ЅϡׄڷڊঈԮڍНй࣠ࣝؑϴᇓࣁ䩟ӹױԷࡢϩѸמϡԣܼЌҨ䦚

ս֘䩟GenPatڷڊ䦚ӾѯӡҖϬࡄРࡈϡጃ֘ڷڊЎϱೀཾב ҖϬս֘ࡈጃ܏۰

Ѕϡׄڷڊঈ䩟ѼњӐጃׄࡈঈҏҽϡԮڍ䦚Ўӌ䩟۰܏ѯоҖϬׄڷڊঈϡጃࡈӡ

ॶ䦚

⛊㯏 4.3. (ؑ੧ᕊ࣮ (Element Match))冟Ϥϲ۪ؑܣ੧ 〈id,attrs〉 ᕊ࣮ࣺϤϲ۪ؑܣ੧
〈id ′,attrs′〉冟ԯ੕੬ԯ ∀ 〈name, value〉 ∈ attrs冟〈name, value〉 ∈ attrs′僚

࣠ࣝϼӌϡӡॶ䩟ӆҹӡॶҖϬڷڊս֘ϡጃࡈӡॶҒЎ䩭

⛊㯏 4.4. ᕊ࣮נׂ) (Hypergraph Match))冟Ϥϲ۪נׂܣ 〈E,R〉ᕊ࣮ࣺϤϲׂנ 〈E ′,R′〉冟
ԯ੕੬ԯࣽϬϤϲᅯ৲᫸ڮ match : E → E ′冟ճЋ ∀e ∈ E冟e ᕊ࣮ match(e)冟؜੕
∀ 〈rname,r〉 ∈ R,∃ 〈rname′,r ′〉 ∈ R′,rname = rname′ ∧ r ⊆ r ′僚

1 https://en.wikipedia.org/wiki/Type_system
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࣠ࣝϼӌϡս֘ጃࡈӡॶ䩟ӆҹीϣϬڷڊս֘ gԝս֘ g′ѸࢣࢻҒҝࡖϨϣϬ

Ԫ gϺ g′ ϡጃࡈ䦚ӹױ䩟ӾѯӡϣϬڷڊս֘䩟֡Р޵ࢣࢻս֘ЅϡϣԈׄঈ (Ԯڍ)
фׄঈ٧ԛНйٍЏࢣࢻҏњϡս֘ጃ״֍ࡈϡս֘䦚ӹױ䩟цڷڊս֘ϡࢣࢻРࡄ

ԸюϦцս֘Ѕϡׄڷڊঈйׄߵঈ٧ԛϡࡺשРࡄ䦚ئԆڀҺϡϥ䩟ӆҹЅӛ٤о

ϡڷڊս֘ࢣࢻҤ֚Нй֘فݒЅϡ٧حڗԛٷڈԮڍϡࢣࢻ䩟Ԕ۵ӓϡ GenPat ӥ

Ѵђцׄڷڊঈфׄঈ٧ԛՖҲࢣࢻ䩟߈خൊ൑ׄঈҏҽϡӛϩԮڍ䦚

࣠ࣝϼӌϡӡॶ䩟ӾѯӡϣϬڷڊәݫ䩟GenPat ս֘ԣܾ࣏ڷڊԗԷྱथю܏۰

ܴ䦚Ѽњ䩟֡ Рጃࡈϱ৭ӡҖڷڊݫϥਦጃࡈ䩟Ғҝጃࡈ䩟ϢЙНйԗϣϬս֘Ѕϡڊ

ϼ䩟ӆҹӛڹѓ䦚ԑߒۨࢗڷڊϼ䩟ӥѴڷڊϡ׏ϣϬս֘ӛцࡔѓϺ׏୙ӑۨࢗڷ

ೀཾϡҤ֚цۨࢗڷڊ୙ӑЬϩحڗϴؒ䩟Нйኧܴ࣏حڗܙϡۨࢗڷڊ䦚Ϩ۵ӓϡ

ӥѴЅ䩟GenPat ӡॶϦٚ҇ۨࢗڷڊ୙ӑ䦚ЋϦҤ۬ث౥䩟ӆҹӡॶ៲ّ preIDs(m)
ԣܾۨࢗڷڊ୙ӑ m ϴؒጃࡈϡׄڷڊঈϡओׁ䦚֔ױ䩟ӆҹӡॶ៲ّ preAttrs(m, id)
ԣܾۨࢗڷڊ m ϴؒጃࡈϡׄڷڊঈ id ӛц׏ϡׄঈ٧ԛӜी䦚֔ױ䩟ϼ਎ҖϬ៲

ّҏҽϡ࣊༌ԮڍЋ䩭preAttrs(m, id) Ѕϡ id ߿ٶ؎׏ id ∈ preIDs(m)䦚Ўӌ࠶оϦ

GenPat Ѕӛӡॶϡٚ҇ۨࢗڷڊ୙ӑϡӡॶ䩭

• insert(id, id ′, i)䩭๭Պׄڷڊঈ id ′ ӑЋ id ϡҷ i ϬжڝѢ䦚

• insert_str(id, str, i)䩭๭Պҹӆڷڊ str ӑЋׄڷڊঈ id ϡҷ i ϬжڝѢ䦚

• replace(id, id ′)䩭ѓׄڷڊঈ id ′ ༗޼ id䦚

• repalce_str(id, str)䩭ѓҹӆڷڊ str ༗ׄڷڊ޼ঈ id䦚

• delete(id, id ′)䩭࿋ङׄڷڊঈ id ′ ϡжڝѢ id䦚

࣠ࣝϼӌϡӡॶ䩟цӊڗϣϬۨࢗڷڊ୙ӑ m䩟preIDs(m)ၖҘϡׄঈسЋϼ਎ӡ

ॶۨࢗ୙ӑЅϡّ܀䦚ԝҒ preIDs(insert(id, id ′, i)) = {id, id ′}䦚preAttrs(m, id) цحڗ

ϡ id ∈ preIDs(m)䩟ւϿၖҘ䦧ڝѢणࡿ (AST node type)䦨䦚ӹЋ䩟ۨࢗڷڊӓњ䩟ࢣࢻ

ਡϡԜ৭ԛ䦚ࡄ࢙خϴϣঊϱؑࡿѢणڝஔЅ֚ܬ

зњ䩟ӆҹѯоۨࢗڷڊথ५ϡӡॶ䦚࣠ ࣝϼӌϡᆡ਎䩟ۨࢗڷڊথ५د؎׏ଭҖ

ϡ҈жڷڊۨࢗϥҩ܏д䩭۰ח ϣࡔ䩮ۨࢗ׏ϥਦؑϴ҂Ԛڷڊࡈ䩟ѓϱጃ(ս֘ڷڊ)

޼ԸڷڊдӡॶЋח䦚ӆҹԗϼ਎Җ࠶୙ӑਡۨࢗڷڊдϥח (Code Transformation)䩟
ЎӌϥԷӡॶᆡ਎䦚

⛊㯏 4.5. ࡓյܣ۪) (Code Transformation))冟Ϥϲ۪ܣյࡓϨϤϲՃؑੑ 〈g, 2m〉僚ճЋ冟
g ۪՝Ӊेܣ۪ݘϢׂנ冟ү 2m Ϩ۪ݘेܣϢକࣚ僚םه冟∀m ∈ 2m, id ∈ preIDs(m)冟
у࢕ attrName ∈ predAttrs(m, id)冟Ϭ g ЋࣽϬϤϲؑ੧ 〈id ′,attrs′〉冟ڪИ id = id ′ ∧
attrName ∈ attrs′僚

ӹױ䩟ӾѯӡϣϬڷڊս֘ g′ = 〈E ′,R′〉䦙ϣϬڷڊԸ޼ t = 〈g, 2m〉䩟йߵϣϬԪս
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֘ gϺ g′ϡጃࡈ match䩟Ϩս֘ g′ӛц׏ϡڷڊϼ׏ѓԸ޼ t ԗϿݘТϣϬۨࢗϡਡ

࠶ 2m[id0\id ′0, ..., idn\id ′n]䩟ԷЅ
〈
di0, id ′0

〉
, ...,

〈
idn, id ′n

〉
∈ match䦚ط޼ҦЛ䩟Ϩ֍״ϡڊ

୙ӑЏϺۨࢗѓ׏䩟Ѽњ޼ঈՖҲ༗ׄ׏ս֘Ѕϡцڷڊࡈս֘ЅϡׄঈٍѓԷጃڷ

䦚ڷڊҏњϡۨࢗ

4.4.3 ㄩ⊓⹹㦏㟺⛱

࣠ࣝ֘4.6䩟ۨࢗڷڊথ५ϡԐआРࡄϥϣϬ۶ڒРࡄ䩟ҰϴдЋѧϬחд䩭(1) ٤
Լڷڊս֘䩮(2) ٤Լۨࢗڷڊ୙ӑ䩮(3) থ५䦚ۨࢗࢣࢻ

׆ڷڊԗ܏۰ࡄս֘Рڷڊ䩟٤Լڷڊӓњϡۨࢗ䦚Ӿѯӡϣцנׂܣչ۪ۅ(1)

䩟ԪڍЅϡّࣝ࣊༌Ԯڷڊࠃд໯พݮݔڷڊஔԣܾ࣏ܴ䦚Ѽњ䩟֡Р֚ܬࢣࢻЋ޼

ґ֘ڷڊ߹ࠃথࡿ䦚֔ױ䩟Ϩพڷڊࠃս֘З䩟GenPat ӎЗд໯ׄڷڊঈϡ٧ԛҞ֥䦚

࣠ࣝҏӓϡӡॶфೀཾ䩟GenPat ϡ۵ӓӥѴЅӡॶϦѧ҇٧ڷڊԛҞ֥䩟дԆϥڝѢ

णࡿ䦙ڝѢڷڊҹӆйߵԣܼܴϡߚ䦚ئቕϡ䩟طܬԣܼܴ (Ғreturnطܬ) ϡߚڶࢪण

ϡّࣝ࣊༌З䩟GenPatڷڊЋ⊥䦚Ϩд໯ࡿ ಈѓϦԵۘ์Ҁ (flow-insensitive) ϡРֵࡄ

(intra-procedural) 䦧ӡॶ-ٍѓ䦨(define-use) д໯[30,32]䩟سԮڀϨӎϣϬ៲ֵّחϡࢗڷڊ

ۨ䦚

୙ӑ䩟GenPatۨࢗڷڊ䦚ЋϦ٤Լ࢛ཇ֏ϡݘेܣչ۪ۅ(2) ٍѓ GumTree[22] ڲ

֚٤Լۨࢗڷڊ୙ӑ䦚Ѽґ䩟֍״ϡ GumTree ௄҃୙ӑڷڊଭدЅ֚ڲ (move)䩟GenPat
֡РҶӸф࿋ङڷڊ୙ӑӥѴԚӎϡۋЌ䦚

(3) ॵ॓ेݘઇੇ䦚ӾѯӡϣϬߵ֘ڷڊԷц׏ϡۨࢗڷڊ୙ӑЗ䩟GenPat цࢗ

ۨথ५ՖҲࢣࢻ୙ӑ䩟࿋ङϣԈԁۨࢗڷڊѪԮϡׄڷڊঈй٩ߣߵϣԈׄڷڊঈϡ

٧ԛۨࢗڢ٤থ५ϡ֡ѓԛ䦚ӛй䩟חױдدଭҖϬРࡄ䩟дԆϥׄڷڊঈࡺשфڊ

䦚ࡺשঈ٧ԛׄڷ

• 㴐㚐㫍㵗䦚࣠ ࣝҏӓϡӡॶ䩟цӊϣϬۨࢗথ५ґߞ䩟ԷЅϡҩׄۨࢗঈ׏؎Ё

ଭϨথ५Ѕد س) predIDs(m))䦚ӹױ䩟GenPat ঈ䦚ऴӊׄڷڊдח؎ଭد܏۰

䩟GenPatױ ϥࡄϡРࡺשϡׄঈӑЋϼЎҹҞ֥䩟࠾ঈԚԮׄשԁϼ਎ӛࡺש

ቋа֘ڷڊЅϡ׷ҟҋᇓבׯࣁԮ࠾ϡׄڷڊঈ䦚ӆҹӡॶҟҋᇓࣁЋ䦧ϣৢ䦨

ᇓࣁ䩟֡ Рӡॶᇓࣁϡৢّ䩟НйସׄڷڊءঈϡϼЎҹҞ֥ϡЄվ䦚ᇓّৢࣁ

ϨӥকϡٍѓЅНй࣠ࣝؑϴࡈঞ䦚ӥࡑЅ䩟GenPat ђᇓࣁϣৢ䦚ԝҒ֘4.7Ѕ䩟

ঈׄڷڊӊۥ p2 ф p4 ҩۨࢗ䩟ӹ܏۰ױҩࡺש䦚Ѽњ࣠ࣝ֘Ѕϡ׷ۂᇓࣁϣ

ৢ䩟ׄঈ P1䦙p3 ф p5 ҩدଭϨথ५Ѕ䦚зњ䩟ൊ൑ϡԷ൑ׄڷڊঈԗҩ޵ࢣࢻ

(࿋ङ)䦚
• 㗮㩂㫍㵗䦚фׄঈࡺשणঐ䩟GenPat ࡺש܏۰ preAttrs(m, id) Ѕϡ٧ԛ䦚ԝҒ

֘4.7Ѕ䩟GenPat ଭׄঈد܏۰ p2 ф p4 ϡ䦧ڝѢणࡿ䦨٧ԛ䦚בЎϱ䩟GenPat ԗ
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ц۔ҩ޵ࢣࢻϡׄঈ٧ԛՖҲࡺש䦚ࡢՄ܇䩟цӊ䦧ڷڊҹӆ䦨ф䦧ԣܼܴߚणࡿ䦨

٧ԛ䩟GenPat ֡Рд໯֋֝ڷڊЅϡц٧׏ԛϡоѴࠏଛ䩟Ѽњدڲڋଭц׏

٧ԛϡٍѓԝຎϱԣܾ؎٧ԛϡ֡ѓԛ䩟ԷऴӆڽЂϥϨքЄϡ࣮۵Ѕҩٍѓ

ϡ٧ڷڊԛԷ֡ѓԛքמ䦚ऴӊױ䩟ӾԷࠏଛսРࡆϬⷕߚЗ䩟ц׏ϡ٧ԛԗ

Ͽҩࡺש䩟ਦजԗҩ޵ࢣࢻ (࿋ङ)䦚ӹױ䩟цӊ٧ࡆԛ attr䩟GenPat ٍѓЎ࠶

ԍܴڲڋԷоѴࠏଛ䦚GenPat ϡڶࢪⷕߚЋ 0.5%䦚

f req(attr) = |{ f |attr exists in f ile f }|
|{all f iles in code corpus}|

зњ䩟цӊ䦧ڝѢणࡿ䦨٧ԛ䩟߈خӛϩطܬणࡿ (statement) ׄঈϡ؎٧ԛ䩟йخ

䦚ԝҒ֘4.7Ѕ䩟GenPatࡈЗֲพϡԜ৭ጃࡈጃڷڊ࢙ Ѣڝ߈خ p1 ϡڝѢणࡿ䦚

4.4.4 ㄩ⊓㵀㦏㱎㱫

࣠ࣝ֘4.6䩟׏ѓ႒ݫϥϣϬϨ۶Рࡄ䦚ӾѯӡϣϬۨࢗڷڊথ५фϣϬԃڷڊש

әݫ䩟؎Р܏۰ࡄԗڷڊә޼׆ݫЋڷڊս֘ԣܾ䩟׍൪Նԁথ५ጃࡈ䦚Ғҝጃࡈю

୙ӑ䦚ۨࢗϼӥѴԚӎڷڊשѓϺԃ׏୙ӑۨࢗଭϡد䩟जԗথ५Ѕӛۋ

(1)ઇੇᕊ࣮䦚ӾѯӡϣϬڷڊথ५ (Ը޼) t = 〈g, 2m〉䩟йߵϣϬԃڷڊשәݫ sp䦚

GenPat ԗ܏۰ sp ս֘ڷڊЋЋϣϬ޼׆ g′ = 〈E ′,R′〉䩟Ѽњ൪ՆװϺϣϬԪ gϺ g′ϡ

ጃࡈ match䦚GenPat ಈѓЎӌϡҖϬ܌ᚄഎ౱ϼ਎ጃࡈ䦚

1. ٍѓဲК֚ڲ൪Նԗ E ЅϡҟϬ e ԁ E ′ Ѕϡӛϩׄঈጃࡈ䦚

2. ඬ৓ӛϩНЌϡጃࡈॵׁٍЏথ५ЅׄঈϡԮڍϨԃڷڊשЅӎ҈߿ٶ䦚

ԝҒϨ֘4.6Ѕ䩟࣊༌ׄঈϡ٧ԛҞ֥ՖҲဲКጃࡈЗ䩟ϢЙНйЏϺЎӌϡጃࡈԮڍ䩭

match(p1) ∈ {n1},match(p2) ∈ {m2}
match(p3) ∈ {n3},match(p4) ∈ {n4},match(p5) ∈ {n2,n3, ...,n7}

РᎸ䩟зњׄঈڍॵׁ䦚֡РׄঈҽϡԮࡈഒϤӎϡጃߎЎϱב p5 ϡଂϣጃࡈϥ n5䩟

ҒЎӛܾ䦚
match(p1) ∈ {n1},match(p2) ∈ {m2}

match(p3) ∈ {n3},match(p4) ∈ {n4},match(p5) ∈ {n5}

䦚࣠ݘѣे؟(1) ࣝϼӌϡጃֲࡈҝ䩟֡ Рጃׄࡈঈϡঞ޼䩟GenPat ԗথ५Ѕϡڊ

୙ӑЋ䩭ۨࢗТюϡڷڊשϼ䦚ຎжЅцԃڷڊשѓϺԃ׏ۨࢗڷ

delete(n2,n4)

Ѽґ䩟Ϩӥক׏ѓЅ䩟цӊϣϬԃڷڊשәݫЇНЌࡖϨЄϬׁ֚ጃࡈ䦚GenPat
֡Рд໯ϼЎҹϡԚঐԛϱՖϣ܌цԃשϡጃࡈՖҲٕਡ䩟йװϺз૟ϡጃࡈ䦚Ԛঐ
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ԛϡڲڋԍܴҒЎӛܾ䩭

node_sim = | {e |e∈E∧sameNodeT ype(e,match(e))} |
|E |

text_sim = 1
|E |Σe∈E

LCS(tokenize(e),tokenize(match(e)))
|tokenize(e) |

score = node_sim + text_sim

ϼӌϡԍܴЅ䩟៲ّ sameNodeT ype(e, e′) ѓϱ်आҖϬׄڷڊঈ e ф e′ ϥਦࡢ

ϩԚӎϡڝѢणࡿ䩟៲ّ tokenize(e) ϥԗׄঈ e ϡڷڊҹӆ޼׆Ћላً (token) ਡ࠶䩟

ґ៲ّ LCS(s1, s2) ѓϱڲڋѯӡϡҖϬላًਡ࠶ s1 ф s2 ϡзӗԍ࢕жਡ࠶䦚зњ䩟

GenPat ٍѓڝѢणࡿϡጃࡈЅϡڝѢणࡿԚঐԛ (node_sim) фҹӆԚঐ (text_sim) ڋ
ٷพԚঐԛ䩟ґњֲ֚ܬϡڷڊϦྱބٷЅӓ֚ڲϡԚঐԛ䦚ϼ਎ϡٕਡࡈз૟ጃڲ

ॶԚঐԛ䩟GenPatܬϡڷڊϦྱބ ՖҲٕਡ䦚ࡈцЄϬጃױࣝ࣊

4.5 ⫑㲂㦐㙾■⿵☨⏣⛃㔶⒱⭒㗯

؎䩟ґࡄਤ౨ϡഎ౱РߒࢗӥকϼНйҩ؇ЋϣϬࡄРߒࢗਡઑထϡІ҃ઑထࡄ

Рࡄϡഎ౱׺ҽϥӛϩНЌϡߒࢗਤ౨䦚І҃٩ઑထߒࢗҤ֚ϡ۵ࡣϥߊьഎ౱ϺԜ

৭ϡߒࢗਤ౨䦚Ғӓӛ਎䩟۵ӓϡऴӊ࠻ՆϡઑထߒࢗҤ֚׍ϤЌ࢙خТюߒࢗਤ౨

ϡԜ৭ԛ䦚ӹױ䩟ϨߒࢗϡРࡄЅङϦߊНЌТюԜ৭ϡߒࢗਤ౨䩟ӎЗؑϴߊНЌ೬

䩟ׁߞґ֚ڲ䩟цӊਤ౨ϡТюױਤ౨䦚ӹߒࢗՆԔϤϥԜ৭ϡ࠻ТюНй֡Рݪ ϡ޸

എ౱׺ҽऎଚϥڢ٤ઑထ֝ڱߒࢗϡಚК䦚දԷϥఱцۘࠏ໪ϡઑထґߞ䩟എ౱׺ҽ

ϡӡॶ۠ԮԳϴ䦚ҷ4.4אЅ٤оϦϣ҇ऴӊЩ҈ӆّࣝϡߒࢗথ५І҃٤ԼҤ֚䩟Н

йϩࠏۘעࡽ݌໪ઑထϡথ५ѺܠцϽ֝Գّࣝߒϡϴؒ䦚Ѽґ䩟ӥকєୂЅцӊࡆ

Ԉئӡणࡿϡۘࠏ໪ઑထ䩟Ϩࣄ੗ϡߒࢗЅ׍ϤࡖϨԚঐϡۨࢗڷڊ୙ӑ䦚ӹױ䩟ц

ӊ؎णࡿϡઑထґߞ䩟֡РԪ҈ۨࢗຎЅѺܠਤ౨থ५ԸЏϤѴӥ䦚

ҷѧאЅϡϪ֞ߒࢗРࡄд໯тѴ䩟ӾэтٷцӛߒࢗઑထϣѪӛҌЗ (ц࣮۵

Ϥ়๐ӎЗЇЬϩԚঐઑထϡߒࢗҮࡑ)䩟࣊ѼНй۱ѓ࣮۵ЅϡࡾݨڷڊТюԜ৭ϡ

䦚ҏӓϡ୳ૢԣڷڊԳϴϡّࣝϥ࣮۵ЅԚঐϡ׶Ѕ䩟ϣϬۘࡄРױਤ౨䦚ґϨߒࢗ

Ҵ[25,33]䩟ӥকЅࡖϨЪЄֲพԚӎϡڷڊ䦚֔ױ䩟ϣԈ୳ૢ[8,66,75,85] тѴ䩟11% Ϻ 52%
ϡઑထߒࢗਤ౨Нй֡РߒѓӔϩϡࣄٷڈڷڊ੗ϡݘߒࢗТ䦚ӹױ䩟ఱцۘࠏ໪ઑ

ထϡਤ౨Тюԡ֣䩟ӆҹ٤оϣ҇ऴӊӔϩԚঐڷڊϡਤ౨ТюҤ֚ SimFix䩟؎Ҥ֚

Ϥ࣊༌Գߒϡࣄ੗ۨࢗҞ֥䩟֡РцԝઑထڷڊфԚঐڷڊЋߒࢗਤ౨٤పࣔ܋ۨࢗ䦚

ӎЗ䩟SimFix Х۱ѓэ੅࣮۵Ѕϡࣄ੗ߒࢗҞ֥䩟֡Рд໯ࣄ੗ߒࢗцਤ౨ТюЅϡ

РᎸ䦚܌୙ӑՖϣۨࢗڷڊ

Ѽґ䩟࣠ࣝԚঐڷڊТюߒࢗਤ౨׍Ϥډب䦚۰܏䩟Ғحϩ݌сഎ౱ࣔ܋ਤ౨Т

юϡߎ܀ϡԚঐڷڊ? Ͽઁڷڊߎ܀ϡࠍ֝ڱ䩟ࢧ٤ప֍୰בׯЋТюਤ౨ڷڊߎ܀
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࣠ح䩟Ғݫәڷڊҝ䦚ԷҋϥӾѯӡϣϬԚঐ݌ϡߒࢗ䩟Ԫґؙড়֝ڱТюਤ౨ϡࠍ

?ਤ౨ߒࢗТюڷڊЋઑထڷڊ؎ࣝ ЅڷڊߵϨई஬йࡖЌНЌۋϡݫڷڊӊϤӎۥ

ӛٍѓϡԸ֝ڈ៲ّ݆ѓҳϤϣӡԚӎ䩟ߒבׯѓڷڊϤ঎ϤϿݘТԜ৭ϡߒࢗਤ౨䩟

൬۠Ͽઁࠍਤ౨ϡ֝ڱ䦚ԝҒ䩟ӔϩҤ֚ߒבׯѓ࣮۵Ѕϡ[37,51,123]ڷڊ䩟ࣔঊϽ֝Ϥ

Ԝ৭ਤ౨ҩݘТ䦚зњ䩟ۥӊࣄ੗ߒࢗϱІϤӎϡઑထࡄਡ䩟ϿدଭϣԈ࣮۵ئӡϡ

Ҟ֥䩟ҒֲׁحԚঐڷڊфࣄ੗ߒࢗЇϥϣϬԳϴखږ䦚

ఱцϼ਎ϡԡѢ䩟SimFix ಈѓϦϣ҇ऴӊئڷڊ෥ϡԚঐڷڊഎ౱Ҥ֚䩟֡Р൜

ϣҤӌ䩟SimFixࡔഎ౱䦚݌ҙڷڊ෥ӥѴԚঐئॶܬф֚ܬϡڷڊڷ ٍѓϣ҇ऴӊڊ

ஔ֚ܬࢣࢻϨڷڊфઑထڷڊई஬ϡਤ౨ТюҤ֚䩟֡РцԝԚঐڷ (Abstract Syntax
Tree) ϼϡई஬䩟࣠ࣝई஬Тюцઑထڷڊϡۨࢗ୙ӑ䦚֔ױ䩟ϨߒѓԚঐڷڊТюࢗ

ਤ౨З䩟SimFixߒ Ͽ࣠ࣝϼЎҹҞ֥І҃ጃࡈҖڷڊݫЅϡ঵חԸ֝Ҟ֥䩟ԪґӥѴ

Ԝ৭ϡԸ֝༗޼䦚ЋϦֲׁԚঐڷڊфࣄ੗ߒࢗҞ֥䩟ӆҹдԆӡॶϦࡢՄۨࢗڷڊ

фۨࢗڷڊࢣࢻϡม݉ѓϱд໯Ԛঐڷڊфࣄ੗ߒࢗ䩟׍ऴӊױЋҖٷдԆพࡢ߃Մ

ϡфࢣࢻϡۨࢗڷڊഎ౱׺ҽ䩟֡РӡॶҖ҇ۨࢗϡ޼׆ԮڍӥѴҖϬ׺ҽϡؒؽے

٩ϡ۵ϡ䦚ހҽ׺䩟ܼϺഎ౱ڲ

ᆨϼӛ਎䩟ӆҹ٤оϣ҇ऴӊԚঐڷڊϡਤ౨ТюҤ֚ SimFix䩟֡Рߎ܀Ԛঐڊ

س੗ϡ࣊༌䩟ࣄۨࢗߒцԳߒࢗઑထעࡽ䦚ԪґНйۨࢗ֏ӥѴ࢛ཇڷڊ䩟цઑထڷ

ٍѪࣄߎ܀੗ߒࢗϡєୂЎ䩟࣊ѼНйϩࠏۘߒࢗ݌໪ϡઑထ䦚ҷ4.5.1܏۰ڝมϴೀ

ཾ SimFix ϡॵю䦚ҷ4.5.2٩ܴ࣏ڝӡॶۨࢗڷڊϡഎ౱׺ҽ䦚ҷ4.5.3ڝೀཾۨࢗڷڊ

٤Լ֚ڲ䦚зњ䩟ҷ4.5.4ڝфҷ4.5.5ڝц SimFix ֞ӑԵࡄЅϡҖϬ႒ݫдԆ૘࢛ೀཾ䦚

4.5.1 SimFix⭒㗯⡣⹎
ӆڝม਎ SimFix ৔भ䦚֘ Ϧܾࣁ4.8 SimFix ϡҤ֚มऊ䦚Ԫ֘ЅНйЃо䩟SimFix

ݫ۶д໯႒ڒ䦚Ϩݫ႒ߒࢗфϣϬϨ۶ݫ۶д໯႒ڒ䩭ϣϬݫଭҖϬ႒د (ҷ4.5.4ڝ),
SimFix ֡Рд໯э੅࣮۵ϡࣄ੗ّࣝߒࢗഎओઑထߒࢗϡ׶ѓۨࢗ୙ӑ䩟พюϣϬࢻ

ҽ׺୙ӑۨࢗڷڊϡࢣ SA䩮Ϩ۶ߒࢗ႒ݫ (ҷ4.5.5ڝ) цԝઑထڷڊԁԚঐڷڊТюϣ

ԈࡢՄϡۨࢗڷڊ୙ӑѓӊТюߒࢗਤ౨䩟พюϣϬࡢՄϡۨࢗڷڊ୙ӑ׺ҽ SC䦚з

њ䩟֡РҖϬഎ౱׺ҽϡؒے (SA ∩ SC) ӥѴۨࢗ୙ӑഎ౱׺ҽϡ٩ހ䦚ӹױ䩟בЎϱ

ӆҹԗ܏ӡॶϤӎϡഎ౱׺ҽ (ҷ4.5.2ڝ) й٤ۨࢗڷڊߵԼ֚ڲ (ҷ4.5.3ڝ)䦚

4.5.2 㚉㚯ⶥ⭺⛊㯏

ӆڝೀཾϨਤ౨ТюРࡄЅᇎߵϺϡഎ౱׺ҽ՜֣䦚ЋϦҤ۬ҏњϡᆡ਎䩟؝ױ

ஔ֚ܬࢣࢻڷڊѯо܏۰ (AST) ϡ࣏ܴ٩ӡॶ䦚ϨӆڝЅ䩟ϢЙӡॶϣϬ AST ϥϣϬ

ϩਡϡஔֲࡿพ䩟سҟϬڝѢϡӛϩжڝѢϥϩॅਡϡ䦚֔ױ䩟ϢЙٍѓ node ԣܾܬ
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缺陷程序
(源代码和测试集)

补丁生成
&验证
组合修改

diff --git xxxx/A.java
--- a/xxx/A.java
+++ b/xxx/A.java
@@ -349,7 +349,7 
@@ public class A{
- if (a||b) {
+  if (a | b && c) {

diff --git xxxx/A.java
--- a/xxx/A.java
+++ b/xxx/A.java
@@ -349,7 +349,7 
@@ public class A{
- if (a||b) {
+  if (a | b && c) {

diff --git xxxx/A.java
--- a/xxx/A.java
+++ b/xxx/A.java
@@ -349,7 +349,7 
@@ public class A{
- if (a||b) {
+  if (a||b&&c) {

...

频繁修
改操作

相似代码片段集合

缺陷代码片段
相似代码 缺陷代码

last
(Node)

target
(Node)

... ...

相似语
法树

缺陷语法树

从已有修复补丁中统计修复操作

!!

!! ∩ !"

!"

在线修复阶段:

离线分析阶段:

开源项目

变量映射

1

2 3

(抽象空间S1)

(具体空间S2)

补丁空
间求交

通过对比相似代码和缺陷代码的差异提取代码修改操作

֘ 4.8 SimFix Ҥ֚มऊ

֚ஔЅϡϣϬڝѢ (ӆאಈѓ Eclipse JDT ЅӡॶϡڝѢणܞࡿӜ 1 )䩟Нйӡ֧Ϻ֚ܬ

ஔЅϡଂϣ֧ঞ䦚֔ױ䩟ЋϦҤ۬ᆡ਎䩟ӾѯӡϣϬ֚ܬࢣࢻஔ t ѢڝϣڗԷЅϡߵ n䩟

ӆڝӡॶйЎ៲ّѓӊӥѴئӡϡۋЌ䦚

• parent(n)䩭ԣܾڝѢ n ϡ୊ڝѢ䦚

• children(n)䩭ԣܾڝѢ n ϡӛϩжڝѢ࠶ԣ䦚

• index(n)䩭ԣܾڝѢ n ϨԷ୊ڝѢϡжڝѢ࠶ԣЅϡ౱৉䦚

• type(n)䩭ԣܾڝѢ n ϡणࡿ䦚

• root(t)䩭ԣܾ֚ܬஔ t ϡ࣠ڝѢ䦚

ࡿѢणڝஔЅϡ֚ܬԗڝቕϡ䩟ӆئ (type(n)) дЋҖण䩭ҷϣणϥׄॵणࡿ䩟؎ण

ѢڝѢ䦚ԝҒ៲ّ݆ѓڝϩ෸ӡّ֝ϡжࡢѢڝϡࡿ (MethodInvocation) ϩѧϬжڝ

Ѣ䩟дԆϥ݆ѓцࢣ䦙៲ّӜф࠶ّ܀ԣ䦚֔ࡔϣणϥ࠶ԣणࡿ䩟؎णڝࡿѢϡжڝѢ

ّϥϤ෸ӡϡ䦚ԝҒڝ࡮طܬѢ (Block) ϡжڝѢϥϣϬطܬ (Statement) ԣ䩟ԷЅ࠶

ّ៲ϡّ֝Ϥӡ䦚ӆҹٍѓطܬ isTuple(n)ٷڈ type(T)ԣܾڝѢ n TࡿѢणڝٷڈ ϥϣ

Ϭׄॵणࡿ䦚ङױҏ֔䩟֚ܬஔЅϡϣԈౘжڝѢϥϩц׏ϡߚϡ䩟ԝҒSimpleName

णڝࡿѢϡߚϥ࢑ࡣላϡӜी䦚ϢЙٍѓ៲ّ value(n)ԣܾڝѢϡߚ䩟ӾڝѢЬϩߚЗ

؎៲ّၖҘ⊥䦚଴۴ϱЛ䩟ϼ਎ϡӛϩ៲ّЁ࣊༌ӊڝѢӛϨϡ֚ܬஔ䦚ԝҒ parent(n)
ϥ؎׏ parent(n, t)䩟ԷЅ t ϥڝѢ n ӛϨϡ֚ܬஔ䦚ЋϦᆡ਎֜ᎋ䩟ӆҹϤ࠶оц܀׏

ّ䩟سѓ parent(n) ԣܾ parent(n, t)䩟Էј៲ّणঐ䦚

࣠ࣝϼ਎֚ܬஔϡӡॶ䩟ӆҹӡॶϨ֚ܬࢣࢻஔ t ϼϡۨࢗҒЎ䦚

⛊㯏 4.6. ೃעޥ t ϾϢϤϲ (ऋւ)ेݘԎ੓ГЖࣚЋϢ࣫ϤϲಀӸ冭
• Insert(n, t ′, i): ခ֊Ϥϲעޥೃ t ′ӸГ܂ѷ nϢӚ iϲп܂ѷ僚

• Replace(n, t ′): ೃעޥѣڪ t ′Ⴠࡓу܂ѷ nГড܂ѷϢпೃ僚

ӹױ䩟ߒࢗਤ౨ϡഎ౱׺ҽजϥ֡РॵׁϤӎϡۨࢗӛॵюϡ׺ҽ䦚

⛊㯏 4.7. ҅ԎϤϲॵ॓עޥೃ tюϤϲϬעޥ٥ೃϾϢेݘϢ৛؏ M冟ଚඳ๮඿Ϣ (ऋ
ւ)ेِݘӢϨ৛؏ M Ϣׂ৛ 2M僚

1 https://www.eclipse.org/jdt/core/r2.0/dom%20ast/ast.html
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ଭ࿋ङ୙ӑ䦚࣠ࣝ୳ૢԣҴ[82,95]䩟࿋ङ୙د୙ӑϤۨࢗஔ֚ܬЅϡڝቕϡ䩟ӆئ

ӑҮࣔ׶ঊӮணϡߒࢗਤ౨䦚ӆҹϨзњϡӥח࢙ࡑࡑдϿՖϣڹॗ܌䦚࣠ࣝϼ਎ϡ

ӡॶ䩟ӾѯӡҖϬۨࢗڷڊӓњϡәݫЗ䩟֡РцԝҖڷڊݫНйԅЏ܇ϣۨڷڊݫ

юࡔϣڷڊݫϡۨࢗਡ࠶䩟НйӑЋਤ౨Тюϡഎ౱׺ҽ䦚Ԕϥ䩟࣠ ࣝϼ਎ϡӡॶ䩟ࢗ

ۨ୙ӑ࣊༌ӊئӡϡ֚ܬஔ䦚ۥӊэ੅ϡ࣮۵Ѕϡ࣊ۨࢗڷڊ༌Ϥӎϡ֚ܬஔ䩟ЋϦ

Ϥӎ࣮۵ЅϡۨࢗНйࢅϣՖҲڋࢅ䦚ӆҹӡॶࢣࢻϡ֚ܬஔۨࢗ୙ӑйߵԷӡॶϡ

ҽ䦚׺എ౱ࢣࢻ

⛊㯏 4.8. ॵ॓ϢעޥೃेݘԎ੓ГࣚۯЋϢ࣫ϤϲಀӸ冭
• INSERT(T): ခ֊Ϥϲড܂ѷৰपϨ T Ϣпೃ僚

• REPLACE(T1,T2): ѣড܂ѷৰपϨ T1ϢпೃჀࡓড܂ѷৰपϨ T2Ϣпೃ僚

⛊㯏 4.9. ࠤࡉ MA՝޸Ϥϲॵ॓Ϣעޥೃेݘ৛؏冟ϼϤϲॵ॓Ϣ๮඿ِӢԎ੓Г٥

৛؏Ϣׂ৛ 2M A
僚

࣠ࣝϼ਎ (Մࡢ) НйҩۨࢗՄϡࡢϡӡॶ䩟ϢЙϤԡтѴҟϣϬۨࢗࢣࢻфۨࢗ

ྱथϺϣϬࢣࢻϡۨࢗ䩟ӆҹٍѓ abs() 䦚ۨࢗࢣࢻϡ׏ЋцۨࢗՄࡢϣϬ޼׆ّ៲

abs(Insert(n, t, i)) = INSERT(type(root(t)))
abs(Replace(n, t)) = REPLACE(type(n), type(root(t)))

зњ䩟֡ Рд໯Ӕϩϡࣄ੗ߒࢗਤ౨䩟ϢЙНйЏϺϣϬ׶ѓϡۨࢗࢣࢻओׁ䩟พ

юࢣࢻϡഎ౱׺ҽ SA䦚ӎЗ䩟֡РцԝԚঐϡڷڊ䩟ϢЙНйЏϺϣԈϨઑထڷڊϼ

ϡࡢՄۨࢗ䩟พюࡢՄϡഎ౱׺ҽ SC䦚ӆҹӡॶйЎؒڲؽےԗҖϬ׺ҽؒڲؽےӥ

Ѵ׺ۨࢗҽϡ٩ހ䦚

SC ∩ SA = {m|m ∈ SC ∧ abs(m) ∈ SA}

4.5.3 ■⿵㩌⡢㝗㐟

ӥকϼ䩟SimFix ϡҖϬ႒ݫЅЁؑϴ٤Լڷڊϡۨࢗ䦚۶ڒд໯႒ݫд໯ࣄ੗ઑ

ထ٤ّࣝߒࢗԼۨࢗڷڊ䩟ґϨ۶ߒࢗ႒֡ݫРцԝԚঐڷڊфઑထڷڊЋਤ౨Тю

٤Լۨࢗڷڊ䦚ӹױ䩟Ӿѯӡϣцۨࢗӓњϡڷڊ䩟ӆ֚ڲڝӥѴۨࢗڷڊϡІ҃٤Լ

Рࡄ䩟ٍЏϨۨࢗӓϡڷڊϼ׏ѓц׏ϡۨࢗ୙ӑНйԗԷԸюۨࢗҏњϡڷڊ䦚ڊ

ஔ֚ܬࢣࢻϡ఍ՊϥҖϬ֚ڲ٤Լۨࢗڷ a ф b䩟Է఍оϥϣ࠶ڍԪ a Ϻ b ϡۨࢗ䦚

ӆҹӛ٤оϡ٤ۨࢗԼ֚ڲф GumTree[22] ᕴବ䩟ϢЙ࣠ࣝؑϴцڲڋϩԚঐϡࡢ

ԷՖҲϦ޸Ӿϡۨࢗф٩ٍހЏԷ఍оላׁӆאЅϡ׺ۨࢗҽӡॶ䦚ϢЙ۰ٍ܏ѓڊ

୙ӑ䦚ۨࢗڷڊϡֲҝ٤Լࡈ䩟Ѽњ࣠ࣝጃࡈՖҲጃڷڊݫӓњϡҖۨࢗц֚ڲࡈጃڷ
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Ӿॸ঎ӾࡈѢጃڝѢЗ䩟ҖϬڝஔ֚ܬࡈϼ䩟Ϩጃ޴ׯ (1) јЙϩԚӎϡڝѢणࡿ䦙(2)
ҖϬڝѢϡྥڝ܏ѢЁԜ৭ጃࡈ䩟׍ॸ (3) ֡Р๭ՊϣԈۨࢗҏњϡ֚ܬஔЅϡڝѢ

Ϻۨࢗҏӓϡ֚ܬஔЅٍЏӓҖϬֺխю߹䦚ܾࣁ4.1֚ڲϦҖϬ֚ܬஔϡ૘࢛ጃڲࡈ

֚䦚؎֚֡ڲРІৌזЎϡጃࡈҖϬ֚ܬஔЅϡڝѢ䦚؎֚ڲϡՊטϥ match ៲ّ䩟Է

Ѣڝஔϡ֚࣠ܬϥҖϬّ܀ س) a ф b)䦚ҒҝҖϬڝѢНйጃࡈ (2-3 Ҳ)䩟ϢЙခஓс

ጃࡈԷжڝѢ䦚ਦज䩟ϢЙഠݓϥਦНй֡Р๭ՊϣԈ b ЅϡڝѢϺ a ЅٍЏҖϬڝ

Ѣጃࡈ (4-6 Ҳ)䦚ӾҖϬڝѢጃࡈҏњ䩟ϢЙ۟ߓጃࡈԷжڝѢ䦚Ϩ؎РࡄЅ䩟ϢЙц

ࡈѢӥѴጃڝঞж֧׏ϡֺխϥԷцࡈѢጃڝϡҖϬࡿд䦚ׄॵण߇ՖҲࡿѢϡणڝ

(13-14 Ҳ)䩟ۘׄঈणࡿϡڝѢ䩟ؚЙϡжڝѢНйڗҺॅਡጃࡈ (14-24 Ҳ)䦚

㚛➈ 4.1: ֚ڲࡈஔጃ֚ܬࢣࢻ

1 func match(a : ASTNode, b : ASTNode)
2 if type(a) = type(b) then
3 return {〈a, b〉} ∪ matchChildren(a, b)
4 else
5 for each b′ ∈ children(b) do
6 if match(a, b′) ! ∅ then return match(a, b′);
7 return ∅
8 func matchChildren(a : ASTNode, b : ASTNode)
9 if isTuple(a) then

10 return matchTuple(children(a),children(b))
11 else
12 return matchSet(children(a),children(b))
13 func matchTuple(as : Seq[ASTNode], bs : Seq[ASTNode])
14 return match(as.head, bs.head) ∪ matchTuple(as.tail, bs.tail)
15 func matchSet(as : Seq[ASTNode], bs : Seq[ASTNode])
16 result ← ∅
17 toMatch← as × bs
18 while toMatch.size > 0 do
19 〈a, b〉 ← a pair in toMatch
20 result = result ∪ match(a, b)
21 if match(a, b) is not empty then
22 remove all pairs containing a or b from toMatch
23 toMatch← toMatch − 〈a, b〉
24 return result

࣠ࣝϼ਎ϡ֚ܬஔጃ֚ڲࡈЏϺϡֲҝ䩟ӆҹӡॶۨࢗڷڊϡ٤ԼҤ֚䦚ӆҹӡ

ॶϦ҇ףТюۨࢗڷڊϡֺխ䩟Ӿئ߿ٶӡϡֺխЗ䩟ТюԚ׏ϡۨࢗڷڊ୙ӑ䦚Ϩ

ᆡ਎Ѕ䩟ӆҹٍѓ a ↔ b ԣܾڝѢ a фڝѢ b ӔҮጃࡈ䩟ԷЅ a ϱІӊۨࢗӓϡڊ

ڷڊઑထ/ڷ 䩟ґ(ڷڊ֍ीߣ) b ϱІۨࢗҏњϡڷڊ/Ԛঐڷڊ 䩟֔ױ䦚(ڷڊࡣी۵ߣ)
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ӆҹٍѓ tree(a) ԣܾ࣠ڝѢЋ a ϡжஔ䦚

㝫⮔: a↔ b ∧ type(a) = type(b) ∧ value(a) ! value(b)
:ۨࢗڷڊ Replace(a, tree(b))
ѢڝࡣϤӎЗ䩟ٍѓ۵ߚ䩟ԔϥࡈѢጃڝӾҖϬౘжس b ༗ڝ֍޼Ѣ a䦚

㝫⮔: parent(a) ↔ parent(b) ∧ isTuple(parent(a)) ∧ index(a) = index(b)∧ a Ьϩጃحڗࡈ

Ѣڝ

:ۨࢗڷڊ Replace(a, tree(b))
ӾҖϬׄॵणڝࡿѢጃࡈ䩟ԔϥࡖϨжڝѢϤጃࡈЗ䩟ٍѓ۵ࡣжڝѢ༗޼֍ϱϡ

жڝѢ䦚

㝫⮔: parent(a)↔ parent(b) ∧ ¬isTuple(parent(a)) ∧ a↔ b

:ۨࢗڷڊ {Insert(parent(a), b′, i) | b′ϥ bϡ಺੣ڝѢ䩟ॸЬϩጃڝࡈѢ∧i = index(b′)−
index(b) + index(a)}
ӾҖϬۘׄॵणڝࡿѢጃࡈЗ䩟۰װ܏ϺԷጃࡈϡϣцжڝѢ䦚࣠ࣝԚц֧ঞ䩟ԗ

Ѕ䦚ڷڊ֍Ѣ๭ՊϺڝࡈጃ۔Ѕϡڷڊࡣ۵

㝫⮔: a↔ b ∧ parent(a)↔ b′ ∧ b′ ! parent(b)
:ۨࢗڷڊ Replace(parent(a), t), ԷЅ t ϥц tree(b′) ۨࢗѓ׏ Replace(b, tree(a)) ЏϺ

ϡЈڝѢ䦚

Ӿ֍ڷڊЅϡڝѢф۵ڷڊࡣЅϡϣϬ (ஔЅ֚ܬ) ѸৢٹҋϡڝѢጃࡈЗ䩟ԗ֍ڊ

дחڷڊϡ׹Ѕϡઑڷ (ڷڊϡࡈጃ۔ஔЅЅҽৢ֚ܬࡣ۵) ๭ՊϺ֍ڷڊЅ䦚

4.5.4 ⹹㦏➶㣨Ⱛ⛰

Ϩ۶ڒд໯႒ݫ䩟ӆҹ֡Рд໯э੅࣮۵ϡࣄ੗׶ڋࢅّࣝߒࢗѓӊߒࢗઑထϡ

ਤ౨ϡओׁ䩟ओׁЅϡҟϬׄঈϥߒࢗ੗ࣄϡ఍ՊϥϣϬݫ䩟؎႒ױ୙ӑ䦚ӹۨࢗࢣࢻ

ϣϬԏׄॵ䩟дԆϥۨࢗҏӓфۨࢗҏњϡڷڊ䦚цӊҟϣϬׄۨࢗॵ䩟ٍ ѓҷ4.5.3ڝ
Ѕϡ֚ڲдԆ٤ԼࡢՄϡۨࢗڷڊ୙ӑ䩟Ѽњٍѓ abs() ៲ّ (ԋҷ4.5.2ڝ) ԗԷ޼׆

Ћࢣࢻϡۨࢗڷڊ୙ӑ䦚зњ䩟ϢЙ࣠ࣝѯӡϡⷕߚ k ۨࢗࢣࢻ໪ϡࠏࢹоѴԝࡺש

୙ӑӑЋࣄ੗ߒࢗਤ౨৭ӡϡࢣࢻഎ౱׺ҽ S1䦚ϨӥࡑЅ䩟࣠ࣝ Pareto ֍ज[9] ӆҹޕ

ঞⷕߚ k ٍЏࢣࢻഎ౱׺ҽЅϡۨࢗНй࿡౐ 80% ϡࣄ੗ਤ౨䦚֔ױ䩟؎႒ݫԅЏϡ

۶ڒНйّࣝ؎ױд໯䩟ӹߒѓϦ䩟ϤؑϴԳߒϤӎϡઑထϥНйߒࢗцӊۨࢗࢣࢻ

д໯䦚

ӆҹԪэ੅࣮۵ӽۖGitHubϼЎ՚ϦѧϬԝࢹϽϡ࣮۵䩭Ant 1 䦙Groovy 2 фHadoop 3 䦚

1 https://github.com/apache/ant
2 https://github.com/apache/groovy
3 https://github.com/apache/hadoop
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ԣ4.3Ѕ࠶оϦϼ਎ѧϬ࣮۵ϡ૘ّ࢛ࣝ䦚ߎ܀Ӕϩϡ୳ૢ[40,76]䩟ӆҹٍѓԮඡܒц࣮

"੗ϡЛҴҞ֥ՖҲРᎸ䩟ԝҒ"fixࣄے۵٤ ф䦧repair䦨ҳ䦚ӆҹђಈѓدଭԚԮԮඡܒ

ϡࣄے٤੗ӑЋઑထۨࢗߒࢗ䦚зњ䩟ϢЙӐцשԼϡࣄߒࢗ੗ՖҲϪ֞РᎸ䩟ٕङ

䩟ԝҒ䦧fixۨࢗϡߒࢗѪԮઑထ޵ doc䦨ф䦧repair format䦨ҳ䦚цӊҟϬࣄۨࢗ੗䩟ϢЙд

Ԇ٤ԼۨࢗҏӓфۨࢗҏњϡڷڊӑЋϣॵ䦚

ԣ 4.3 ٤Լۨࢗࢣࢻ୙ӑϡэ੅࣮۵

㦞ㅅッ⒮ ■⿵㨾㗷 (kLoC) ⺈㖱㝗Ⰿ㗷 ⥙⿕⨍☨㩌⡒⺈㖱㗷

Ant 138 13,731 270
Groovy 181 14,532 402
Hadoop 997 17,539 253
⧩⭜ 1,316 45,802 925

Ϩ۶ڒд໯႒ݫ䩟֡Рд໯э੅࣮۵ϡࣄߒࢗ੗ϢЙԅЏϦϣϬࠏۥ໪ϡۨࢗ୙

ӑพюϡࢣࢻഎ౱׺ҽ䦚ԣ4.4Ѕ࠶оϦϤӎۨࢗ୙ӑϨࣄ੗ۨࢗЅӛ฼ϡԝຎєୂ䦚

ԪԣЅϡّࣝНйтѴ䩟ӓѧ҇зٍ׶ѓϡߒࢗ୙ӑдԆϥ (1) ๭Պifֺխطܬ䦙(2) ༗
ѓфّ݆៲޼ (3) ๭Պ៲ّ݆ѓ䩟؎ֲڋࢅҝфӔϩϡ୳ૢтѴϣঊ[12,46,65,104]䦚ԝҒ䩟

Martinez ф Monperrus[65] тѴઑထߒࢗЅӓٚ҇з׶ѓϡ๭Պф༗ۨࢗ޼୙ӑЇدଭ

ϨӆҹڋࢅϡֲҝЅ䩟णঐӊ๭Պ៲ّ݆ѓֺٷڈխطܬҳ䦚࠶ԣЅϡۨࢗࢣࢻ୙ӑ

พюϦϣϬԚцࢹЩϡഎ౱׺ҽ䦚ӥকϼ䩟֚࣠ࣝܬࢣࢻஔϡڝѢणࡿ (Ͻมϣ࢕ 40
҇), ԟݱϡഎ౱׺ҽϽมϨ 1640 ୙ӑۨࢗ҇ (40×40 ҇༗޼୙ӑф 40 ҇๭Պ୙ӑ)䦚Ѽ

ґ䩟֡Рд໯Ӕϩϡࣄߒࢗ੗䩟ӆҹϣ࢕എओϦ 16 ୙ӑۨࢗѓ׶҇ (ԋԣ)䩟ٍЏਤ౨

ϡۨࢗࢣࢻഎ౱׺ҽӥѴϦϽऎ 102.5 හϡ׺ҽ٩ހ䦚

ԣ 4.4 ଛࠏ୙ӑۨࢗࢣࢻЅۨࢗ੗ࣄ

㝜⪓␃㾗 (Replacement) ␏㑩␃㾗 (Insertion)
(MI, MI) 21.62% IFSTMT 22.05%
(INFIXE, INFIXE) 8.54% ESTMT(MI) 14.70%
(NAME, NAME) 5.40% VDSTMT 11.67%
(NAME, MI) 3.89% ESTMT(A) 5.73%
(INFOP, INFOP) 2.05% TRYSTMT 2.49%
(TYPE, TYPE) 1.84% RETSTMT 1.51%
(SLIT, SLIT) 1.84% TRSTMT 1.19%
(BLIT, BLIT) 1.18%
(NULIT, NAME) 1.08%

MI : MethodInvocation IFSTMT : IfStatement
NAME : Name ESTMT(MI) : ExpressionStatement(MethodInvocation)
INFIXE : InfixExpression ESTMT(A) : ExpressionStatement(Assignment)
TYPE : Type VDSTMT : VariableDeclarationStatement
SLIT : StringLiteral INFOP : InfixExpression.Operator
NULIT : NumberLiteral RETSTMT : ReturnStatement
BLIT : BooleanLiteral TRYSTMT : TryStatement
TRSTMT : ThrowStatement

ϦӾٍڋࢅ܌ԣԛ䩟ӆҹՖϣڊϩࡢޢ߿Լϡ࣮۵ϥਦّ֝ש䩟ЋϦд໯ӛ֔ױ
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ѓϤӎّ֝ϡ࣮۵З䩟ۨࢗڷڊ୙ӑϡд޿єୂ䩟׍ԁҪओϡֲڋࢅҝՖҲцԝ䦚Ϣ

Йත৓ϦӛٍѓϡّࣝओЅ࣮۵ϡӛϩНЌॵׁ䩟зֲټҝԣҴϤӎϡ࣮۵ॵׁӛЏ

Ϻϡۨࢗд޿єୂфٍѓҪओЏϺϡֲҝϣঊ䦚֔ױ䩟ЋϦѸ֜௟ϡцԝϤӎّ֝ϡ

୙ӑۨࢗڷڊ໪ϡࠏцԝϤӎϡॵׁЅ܌ҽ䩟ӆҹՖϣ׺ۨࢗࢣࢻਤ౨ӛ৭ӡϡߒࢗ

ӛ฼ϡԝຎєୂ䦚֘4.9ϥڋࢅцԝֲҝ䦚Ԫ֘ЅНйтѴ䩟ӾٍѓϤӎϡߒࢗਤ౨ओ

ׁЗ (Ϥӎ࣮۵) ੗ਤ౨ّࣄ䦚؎ֲҝЛҴӆҹӛٍѓϡײב׶ϡԝຎۘۨࢗ໪ࠏ҇ٿ

ࣝओڊޢ߿ԣԛ䦚Ϥ঎Ғױ䩟ӾٍѓѸվϡࣄߒࢗ੗ϱพ߃ӆҹϡ׺ۨࢗࢣࢻҽЗӎ

ۨࢗԣԛڊϡߒࢗڷڊ䩟ӆҹԗϼ਎д໯ЏϺϡֲҝӑЋױԣԛ䦚ӹڊϡמϩЪࡢ҈

୙ӑओׁ䩟׍зٍټѓԷцߒࢗਤ౨ՖҲРᎸ䦚
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֘ 4.9 Ϥӎэ੅࣮۵ॵׁЅۨࢗࢣࢻϡԝຎ

4.5.5 㵀㦏㩌⡒Ⱛ⛰

ӆڝೀཾ SimFix ϡϨ۶ߒࢗРࡄ䩟Ԫ֘4.8ЅНйЃо䩟؎חдدଭѧϬРࡄ䩟д

ԆϥԚঐڷڊഎ౱䦙Ը֝ྱथф٤ۨࢗڷڊԼ䦚ЎӌӆҹԗֲׁϣϬࡢՄϡܾຎߒࢗ

ೀཾϼ਎Рࡄ䦚Listing 4.3Ѕܾࣸϡϥ Defects4J Ѕઑထ Closure-57 ϡߒࢗਤ౨䩟ԷЅϡ

ҷ 2 ҲڷڊЅϡֺխҩҷ 1 ҲЅϡֺխ༗޼䦚ґ Listing 4.4ЅܾࣸϡڷڊϥϱІӎϣϬ

࣮۵ЅϡԚঐڷڊ䩟࣠ࣝ؎Ԛঐڷڊ SimFix юߒࢗۋϦ؎ઑထ䦚

1 + if(target != null && target.getType() == Token.STRING){

2 - if(target != null){

3 className = target.getString(); }

Listing 4.3 ઑထ Closure-57 ϡߒࢗਤ౨

1 if(last != null && last.getType() == Token.STRING){

2 String propName = last.getString();

3 return (propName.equals(methodName)); }

Listing 4.4 ઑထߒࢗ Closure-57 ϡԚঐ
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4.5.5.1 㦐㙾■⿵㚉㚯

࣠ࣝӡ֧ϡֲҝ䩟SimFix Ѽњഎ౱ϣݫәڷڊюϣϬࣁঞᇓ֧ڷڊԗӮணϡ܏۰

ॵԁ؎ڷڊԚঐϡڷڊՖҲцԝйТюۨࢗ୙ӑ䦚

ݫәڷڊϢЙӡॶ܏۰ (code snippet)䦚Ӿ܋ӡڷڊЅϡҲً x ф y䩟ӆҹӡॶ [x, y]
Ѕϡڷڊә܋ݫϨڷڊҲ x ф y ҏҽϡӛϩطܬ (Statement) ӛพюϡ࡮طܬ䦚ԝҒ

Listing 4.4ЅϡڷڊҲ 1 ф 3 ҏҽϡڷڊәدݫଭԟݱϡifֺխطܬ䩟ґцӊҲ 1 ф 2
ҏӓϡڷڊәݫजђدଭҷ 2 ҲЅϡ२طܬ٩״䩟ӹЋԟݱϡifطܬЬϩϨ؎౒ࣻҏ

ֵ䦚

ЋϦࡧԆԚঐϡڷڊ䩟SimFix ӡॶϦѧ҇Ԛঐԛ႗֝Ҥ֚ѓϱڷڊڲڋәݫҏҽ

ϡԚঐԛ䩟зټѓѧٷϡԚঐԛւфӑЋҖڷڊݫϡзټԚঐԛдّ䦚

؁ྥՑੰՒ䦚ֲ พԚঐԛ܋ϡϥҖڷڊݫӛц׏ϡ֚ܬࢣࢻஔϡֲพԚঐࡄ֏䦚ӆ

Ҥ֚ԁ DECKARD[38] णঐ䩟SimFix ЋҟϬڷڊә٤ݫԼϣϬئ෥֝ז䩟ґ֝זЅϡҟ

ϣϬڊ֏ۅԣ֚ܬஔڝѢϡϣϬئ෥䦚ԝҒ䩟ԷЅϡϣϬئ෥ϥڷڊәݫЅدଭforܬ

भ୙ӑላڲଭϡدЅݫәڷڊٷڈϡϬّ䩟ط (+,−,∗,/,%) ϡϬّ䦚Ѽњ䩟SimFix ٍѓ

൑᛭ԍܴڲڋҖϬئ෥֝זϡԚঐԛ䦚

յצԇՑੰՒ䦚Ը֝ӜԚঐԛѓϱ႗֝ҖڷڊݫЅӛٍѓԸ֝ϡԚঐࡄ֏䦚Sim-
Fix ϡ߭ҹ؀୫䦚ԝҒ䩟Ը߹ݼЅϡԸ֝ӜԗԷԸюڷڊӜ֚჉дܞᚡ๢ࣝ࣠܏۰

֝classNameԗҩдثЋ؀୫classфname䦚цӊҖϬڷڊәݫ䩟SimFix ٍѓ Dice ّڍ 1 ڋ

ҖϬ؀୫ओׁϡԚঐ֏䦚ڲ

᫸ڮԇՑੰՒ䦚៲ّӜԚঐԛϥѓϱ႗֝ҖڷڊݫЅӛٍѓϡ៲ّ݆ѓԚঐԛ䦚ц

ӊ៲ّӜϡԚঐԛڲڋҤ֚ԁԸ֝ӜԚঐԛϡڲڋҤ֚णঐ䩟Ϥӎϥߎ؝ױഒϡϥ៲

ّϡӜीґϤϥԸ֝ϡӜी䦚

࣠ࣝϼӌϡڷڊәݫӡॶ䩟ϢЙНйӡ֧ઑထڷڊәݫ䦚ӾѯӡϣϬԃשоӮڊ

Ҳ䩟SimFixڷ ϿԗԷᇓࣁюЋدଭ N Ҳڷڊϡәݫ䦚ޕ޳оӮڷڊҲЋ n䩟ज SimFix
ԗ୐ҳсזҖᄬᇓ࣏ڷڊࣁюڷڊәݫ [n − N/2,n + N/2 − 1]䩟ӑЋоӮڷڊәݫ䦚

ݫәڷڊЎϱ䩟࣠ࣝоӮב SimFix ϨӾӓϡ࣮۵Ѕഎ౱ԁױԚঐϡڷڊәݫ䦚Է

РࡄϥٍѓϣϬϽЩЋ N ϡา҃ੳטцӛϩڷڊҹխЅϡڷڊՖҲཱྀϣцԝ䩟֡Р٤

Լา҃ੳֵטϡئڷڊ෥ٍѓϼ਎ѧ҇႗֝Ҥ֚ڲڋԁоӮڷڊәݫϡԚঐԛ䦚зњ䩟

࣠ࣝԚঐԛϽЩ䩟цԃשϡԚঐڷڊՖҲٕਡ䦚ۥӊԃשԚঐڷڊНЌϿЪЄ䩟Ϩӥ

ӓࡺשЅӆҹࡑ 100 ϬзԚঐϡڷڊӑЋڷڊߎ܀ѓӊਤ౨Тю䦚֔ױ䩟ӥࡑЅϢЙ

Ҳّڷڊӡޕ N ϽЩЋ 10䦚

1 https://en.wikipedia.org/wiki/S%C3%B8rensen%E2%80%93Dice_coefficient
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4.5.5.2 ⍐⼋㱛㔠

֡Рϼ਎Рࡄ䩟SimFix НйЏϺϣॵԁઑထ֧ঞڷڊԚঐϡԃڷڊש䦚Ѽґ䩟ۥ

ӊڷڊәݫϱІӊϤӎϡۋЌ៲ّ䩟ѦӌНЌдԆٍѓϦϤӎϡ঵חԸ֝䩟ߒבׯѓ

ԚঐϡڷڊНЌϿࣔঊ൜ፈӮண䦚ԝҒϼӌϡ Listing 4.3ф 4.4ЅϡҖڷڊݫ䩟ॎѼڊ

ЅϡڷڊݫЎϱӆҹೀཾҖב䩟ױԚӎ䦚ӹߊϤ׊Ќणঐ䩟ԔϥٍѓϡԸ֝ۋพфֲڷ

Ը֝ྱथԮڍ䦚фഎ౱ԚঐڷڊϡРࡄणঐ䩟SimFix ֡РڲڋԸ֝ҏҽϡԚঐԛϱྱ

थҖڷڊݫЅϡԸ֝ྱथ䦚ࡢՄЛ䩟SimFix ٍѓ֡Рѧ҇Ҟ֥ڲڋԸ֝ϡԚঐԛ䩟д

ԆϥԸٍ֝ѓ䦙Ը֝णࡿйߵԸ֝Ӝी䦚

ѣעՑੰՒ䦚ѓ֚ԚঐԛѓϱࡧԆԸ֝ϨڷڊәݫЅϡٍѓєୂ䩟SimFix ѓԸ׏

֝ϨڷڊЅϡٍѓਡ࠶ԣܾԷӛ؝ϡϼЎҹ॒ࢲ䦚ӾѯӡϣϬڷڊәݫ䩟ϢЙцࢣࢻ

䩟цӊԸ֝ϡٍѓϥϣϬױ䦚ӹࡿѢणڝஔЅϡ୊֚ܬ䩟఍оԸ֝Ϩࣄஔњਡৄ֚ܬ

ஔڝѢणࡿϡ࠶ԣ䦚ԝҒцӊܾຎڷڊ Listing 4.3ф 4.4ЅϡҖϬԸ֝targetфlastϡٍ

ѓਡ࠶ҒЎӛܾ䦚

target: [INFIX_EXP, METHOD_EXP]

last: [INFIX_EXP, METHOD_EXP, METHOD_EXP]

Ѽњ䩟SimFix ࠶жਡ࢕ϡзӗԍ࠶ਡ׏ԷцڲڋҖϬԸ֝ϡѓ֚Ԛঐԛ֡Рڲڋ

ӗ֏ԁւӗ֏ϡԝߚӑЋԷԚঐԛдّ䦚

ৰपՑੰՒ䦚ӾߒѓԚঐڷڊЅϡڷڊЗ䩟SimFix ؑϴ۰܏༗޼ԷЅц׏ϡԸ֝䦚

ӹױ䩟༗޼ϡԸ࢙֝خ؎׏णࡿϥԜ৭ϡ䩭(1) ӾϣϬԸ֝ҩѓӑᔼߚԣܼܴϡਅߚ

(left-value) З䩟ϢЙؑϴ࢙خ༗޼ϡԸ֝ϡߚणࡿϥҩ༗޼Ը֝ϡ୊ण (НйԚӎ)䩮(2)
ӾϣϬԸ֝ҩѓӑૼߚ (right-value) З䩟Է༗޼Ը֝ϡߚण׏ࡿ؎ҩ༗޼Ը֝ߚणࡿϡ

жण (НйԚӎ)䦚ԑЂ૮ݮЎ䩟ϼ਎ҖϬֺխۓ؎׏છ߿ٶ䦚Ѽґ䩟ۥӊϨ۵ӓ႒ݫϢ

ЙХϤҌѬࡢՄߒѓڃϣחдڷڊ䦚ӹױ䩟SimFix ٍѓणࡿԚঐԛϱ႗֝णࡿϡᄦب

ԛ䦚ӆҹӡॶणࡿԚঐԛϥϣϬԏߚдّ䩭ҒҝҖϬԸ֝ϡणࡿᄦب䩟जԷणࡿԚঐ

ԛдّЋ 1䩟ਦजЋ 0䦚
ቕϡ䩟Ϩئ Java ࡿЅ䩟ऴӆّࣝणߞܬ (primitive type) ҏҽЬϩҴ৭ϡжणԮڍ䦚

ѯӡҖϬऴӆणࡿ T ф T ′䩟ϢЙڶЋ T ϥ T ′ ϡжणࡿ䩟Ӿॸ঎Ӿحڗ T णࡿϡԸ֝

ЁНйϤഡؘ׹֏с޼׆Ћ T ′ णࡿ䦚

ԇਕՑੰՒ䦚ӜीϡԚঐԛڲڋфڷڊഎ౱ЅϡԸ֝ӜԚঐԛڲڋҤ֚णঐ䩟Ϥ

ӎϡϥ؝ױ঎ߎഒҖϬԸ֝ϡԚঐԛ䦚

зњ䩟SimFix ֡Рϼ਎ѧ҇ԚঐԛϡӸ੹ؒфӑЋҖϬԸ֝ϡзټԚঐԛЏд䦚Ӿ

ҺϣцԸ֝ڗڲڋ (ϣϬϱІઑထڷڊϣϬϱІԚঐڷڊ) ҏҽϡԚঐԛҏњ䩟SimFix
֡РဲКשԼԚঐԛдّзҙԸ֝цӑЋԸ֝ጃࡈ䦚ԝҒ䩟цӊ Listing 4.3ф 4.4Ѕϡ
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Җڷڊݫ䩟Ը֝lastфtarget䩟йߵԸ֝propNameфclassNameጃࡈ䦚Ѽњ䩟࣠ࣝԸ֝ϡጃࡈ

Ԯڍ䩟SimFix ϿٍѓઑထڷڊЅϡԸ֝༗޼ԚঐڷڊЅϡц׏Ը֝䦚ҏњ䩟ઑထڷڊ

НйߒבׯѓԚঐڷڊЅϡׄڷڊঈ䦚

4.5.5.3 ■⿵㩌⡢㝗㐟⧧⥙⿕

࣠ࣝϼ਎܌ᚄ䩟ԚঐڷڊЅϡԸ֝ӔҮ༗޼юϦઑထڷڊЅϡц׏Ը֝䦚ӹױ䩟Ϣ

ЙНйߒבׯѓԚঐڷڊЅϡׄঈТюߒࢗਤ౨䦚ҏњӆҹӛ৉ѓϡڷڊ୐܋༗޼Ը

֝ҏњϡڷڊәݫ䦚בЎϱ䩟SimFix ֡Рٍѓҷ4.5.3ڝЅೀཾϡ٤ۨࢗڷڊԼ֚ڲ䩟࣠

ࣝઑထڷڊфԚঐ٤ڷڊԼۨࢗڷڊ䦚ԝҒцӊ Listing 4.3ф 4.4Ѕϡڷڊຎж䩟ϢЙ

НйЏϺ֘4.10ЅӛܾϡጃܾࡈҺ֘䦚

IfStatement

InfixExpression:&& Block

InfixExpression:!= InfixExpression:==

Assignment

ReturnStatement

IfStatement

InfixExpresion:!= ExpressionStatement

Assignment

InfixExpression:== ReturnStatement

if ( target != null 

&& target.getType() == Token.STRING ){

className = target.getString() ; 

return (className.equals(qualifiedName));  }

相似代码的
抽象语法树

缺陷代码的
抽象语法树

修改 1:在条件中插入一个 InfixExpression

修改 2:插入一个 ReturnStatement

:已经匹配的节点 :新插入节点 :已经匹配的节点对:生成补丁引用的节点

if ( target != null

&& target.getType() == Token.STRING ){

className = target.getString() ;

return (className.equals(qualifiedName)); }

1

3

4 5 6

7

1
2

3

4

5
6

7

8

InfixExpression:&&

2 8ExpressionStatement

Block

֘ 4.10 ܾຎڷڊጃܾࡈҺ֘

࣠ࣝጃࡈϡֲҝ䩟ϢЙНйЏϺҖϬۨࢗڷڊ୙ӑ䩟дԆϥ๭ՊϣϬЈϡֺխܬ

䦚зњ䩟SimFixطܬф๭ՊϣϬreturnط ۨࢗڷڊࢣࢻѓ׶ЏϺϡݫ۶д໯႒ڒѓϨ׏

୙ӑԁϼ਎ЏϺϡࡢՄۨࢗ୙ӑؒےओ䩟ЏϺзњԃשϡۨࢗڷڊ୙ӑѓӊзټТю

䩟ЋϦٍԜ৭มଛ؝ϨЄࡖ୙ӑНЌۨࢗڷڊ٤Լϡڷڊӊ࣠ࣝԚঐۥϡਤ౨䦚ߒࢗ

ԝࢹҙϡߒࢗਤ౨ҩ࢙ࡑ܏ހ䩟SimFix ࣠ࣝЎӌϡ੻जцਤ౨ՖҲдٕٛਡ䩟߿ٶس

ӓӌ੻जϡਤ౨ࡢϩѸϮٛ܏ހ䦚

1. [35,54]ۨࢗϡϣঊԛ؝ױ䦚ٛ܏ހҙࢹϩࡢЗۨࢗϨϣঊԛࡖਤ౨Ѕߒࢗ ϡϥ܋

цӊӎϣϬԸ֝ࡖϨЄ؝ӎЗۨࢗ䦚

2. 䦚ٛ܏ހҙࢹϩࡢϡਤ౨ۨࢗվࢹϩࡢ

3. 䦚ٛ܏ހϩѸҙࡢ୙ӑϡਤ౨޼ϩѸЄ༗ࡢ

ϼ਎ҷϣֺ੻जѓӊ؝ԑϣԈئቕєୂ䦚ӾϣϬԸ֝ҩࡔϣϬԸ֝༗޼З䩟Էј

֧ঞϡԚӎԸ֝ؑϴՖҲϣঊԛۨࢗ䦚ҷԏфҷѧֺ੻जϡ࣊ࣝϥ෴זѸվ䦙Ѹ؀ߣ

ϡۨࢗڷڊ䦚࣠ࣝϼ਎੻ज䩟ϢЙНйЏϺϣϬٕϮਡϡԃשਤ౨࠶ԣѓӊҏњϡਤ

౨࢙ࡑ䦚
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4.6 㝌⿥㲓㨏ⰵ

࣠ࣝҷѧאӥ࢙୳ૢцϪ֞ߒࢗРࡄд໯ӛԅЏϡ೩т䩟ӆҹ٤оϦϣϬӌۘז

৔भߒࢗ໪ઑထϡІ҃ࠏ IBFix䦚ӆאц؎ઑထІ҃ߒࢗ৔भՖҲϦ૘࢛ϡೀཾ䦚ԷҰ

ϴدଭѧϬԳϴॵюחд䩭(1) ऴӊ૮ݮਢдϡઑထӡ֧৔भ֡Рӡॶࢅϣϡઑထӡ֧

থࡿӥѴϦϤӎئڷڊ෥ّࣝ (ݮഉф૮ࠏਡࡄ) ϡֲׁ䩟۵ࡣϥՖϣڢ٤܌Ӕϩઑထ

ӡ֧ϡކ৭ଛ䩮(2) ऴӊ؀Ϭ҈ຎϡਤ౨Тю৔भ֡Рд໯֋֝ϡэ੅ّࣝڷڊЋਤ౨

থ५ϡ٤ԼР٤ࡄపࣔ܋䩟йעࡽ؎РࡄцϽ֝Գۨࢗߒϡ࣊༌䩟Ԫґ޸ѓӊۘߒࢗ

໪ઑထ䩮(3)ࠏ ऴӊԚঐڷڊϡਤ౨Тю৔भ֡РцԝઑထڷڊԁԚঐڷڊϡई஬ࣔ܋

ೀཾאϡ࣊༌䦚ӆۨࢗ੗ࣄߒϦцԳעࡽਤ౨Тю䩟Ϥ࣊༌ਤ౨থ५䩟ԪґԟҪߒࢗ

ϡІ҃ߒࢗ৔भ IBFix ఱцۘࠏ໪ઑထϡߒࢗԡ֣цߒࢗϡϤӎϡ႒ݫ (ӡ֧фТю

ਤ౨) йߵϤӎϡєୂ (ۨࢗߒϨԳࡖϨфϤࡖ) дԆٍѓц׏৔भ໹йעࡽ䦚ґॸ䩟Ϥ

ӎ৔भҏӓࡖϨૠਤԛ䦚Ғऴӊ؀Ϭ҈ຎϡਤ౨Тю৔भ۱ѓϦࣄ੗ߒࢗҌࡧ䩟ґऴ

ӊԚঐڷڊϡਤ౨Тю৔भ۱ѓϦӔϩڷڊҌࡧ䦚ӹױ䩟ӆאӛೀཾϡІ҃ߒࢗҤ֚

ԝࢅڍࢹґҪӌс؝ԑϦۘࠏ໪ઑထϡߒࢗԡ֣䦚

࣠ࣝӆאц IBFix ϡೀཾϤԡЃо䩟؎৔भҰϴఱцۘࠏ໪ઑထϡئ෥фԡѢՖ

Ҳڋޕ䦚Ԕӥকϼ䩟؎৔भЇНй׏ѓӊࠏߒࢗ໪ઑထ䩟Ԕઑվۓϴϡ٩ހ䦚ԝҒ IBFix
Ѕϡӡ֧৔भЇНйѓӊࠏ໪ઑထઑထϡӡ֧䩟׍Ϥ঵ࡳӊۘࠏ໪ઑထ䦚֔ױ䩟IBFix
Ѕӛ٤оϡਤ౨Тю৔भЇ޸ѓӊࠏߒࢗࣔ܋໪ઑထ䩟දԷϥऴӊԚঐڷڊϡਤ౨Т

ю৔भ䩟ࡢϩמࢹϡ૦޸ԛ䦚Ѽґ䩟ऴӊ؀Ϭ҈ຎϡਤ౨Тю৔भϨѓӊࠏߒࢗ໪ઑ

ထЗ࣊ѼϩՖϣ٩ހ܌ϡ׺ҽ䩟֍ӹϥԷ׍Ьϩࣘд۱ѓϽ֝ϡНߒѓࣄ੗ّࣝۨࢗ䩟

䦚ڹэॗࣁ܌Ϥ҂Ֆϣ؝ױ䩟ߒࢗ໪ઑထࠏӊӆҹҰϴఱцۘۥ
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☾㣗㷦 㖯㬕㬕㺆

ӆࢅڍאԛϡ࢙ࡑӆҹӛ٤оϡӌࠏۘז໪ઑထߒࢗҤ֚ IBFix ϡϩ݌ԛ䦚۰܏䩟

ҷ5.1ڝೀཾӆ࢙ࡑאӛԮڀϡ୳ૢ՜֣䦚ҷ5.2ڝೀཾӥࡑϡࡢՄޕӡ䦚ҷ5.3ڝд໯

IBFix ϡݱՄӥ݌ࡑҝ䦚зњ䩟ҷ5.4∼5.7ڝ૘࢛д໯ IBFix ЅϤӎॵխϡӥ݌ࡑҝ䦚

ҷ5.8ڹॗڝзЈ୳ૢцӆҹ֞ӑϡњ࢙۟ࡑ䦚

5.1 ▣㬕㺆㢼㝘

ϨӥࡑЅ䩟ӆҹцІ҃ߒࢗҤ֚ IBFix ϡϩ݌ԛՖҲࢅڍԛ࢙ࡑ䩟د၉ԷݱՄࢗ

䩟ӆҹҰϴఱцйЎױԛ䦚ӹ݌ਤ౨Тю৔भϡϩߵԷ࣊༌ϡઑထӡ֧йߵҝй݌ߒ

ٚϬ୳ૢ՜֣дԆ࢙ࡑ䦚

㢼㝘 1: ԚԝӔϩϡІ҃ߒࢗҤ֚䩟IBFix ϡ݌ߒࢗҝҒح䩲

㢼㝘 2: ઑထӡ֧৔भ PredFL Ќਦϩڢ٤݌ӡ֧ކ৭ଛ䩲

㢼㝘 3: ਤ౨Тю৔भ GenPat 䩲حҝҒ݌ߒࢗѓٍݼ؀

㢼㝘 4: ਤ౨Тю৔भ SimFix 䩲حҝҒ݌ߒࢗѓٍݼ؀

㢼㝘 5: цӊۘઑထ׏ߒࢗѓ䩟GenPat Ќਦ٤Լ֡ѓۨࢗڷڊথ५䩲

5.2 㖯㬕㔤㺥

ӆڝೀཾӥࡑЅϡࡢՄࡈঞєୂ䩟د၉ӥࡑӛٍѓّࣝओ (ҷ5.2.1ڝ)䦙ӥֲࡑҝ

ކࡣ֝֏ (ҷ5.2.2ڝ) 䦙цԝ৔भ (ҷ5.2.3ڝ) йߵӥ॒ࢲࡑфࡈঞ (ҷ5.2.4ڝ) ҳ䦚

5.2.1 㗷⳯⭅

ӆڝೀཾӥࡑЅٍѓϡّࣝओ䦚ϨӥࡑЅ䩟ӆҹٍѓϦҖϬّࣝओ䩟дԆӑЋࢗ

ओ䦚ّ࢙ࣝࡑߒࢗфܠথ५Ѻߒ

5.2.1.1 ⏣⛃ㄩ⊓㝗㐟㗷⳯⭅

࣠ࣝҏӓϡҤ֚ೀཾ䩟GenPat ؑϴϨࣄ੗ϡߒࢗЅ٤Լਤ౨থ५䩟ӎЗϨߒࢗ

থ५ϡࢣࢻРࡄЅؑϴд໯֋֝ϡّࣝڷڊӑЋࣔ܋䦚ӹױ䩟ӆҹԪэ੅઱խӽۖ

GitHub 1 Ў՚ϦԪ 2011 ёϺ 2016 ёҽ䩟ӛϩ Java ښଭҖد࢕੗䩟ϣࣄߒࢗਡϡઑထࡄ

1 https://github.com
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Є࠹ֺ֭ݚ䦚ЋϦԅЏфઑထߒࢗԚԮϡۨࢗ䩟ϢЙٍѓԮඡܒ (Ғ䦧repair䦨䦙䦧fix䦨䦙䦧bug䦨䦙䦧is-
sue䦨䦙䦧problem䦨䦙䦧error䦨ҳ) цۨࢗϡے٤ЛҴ (commit message) ՖҲРᎸ䦚୳ૢԣҴ[52,96]䩟

ӾҩڷڊۨࢗԝࢹЄЗ䩟ډب৉ՊѪԮۨࢗڷڊ䦚ӹױ䩟౗პҏӓϡ୳ૢ䩟ӆҹРᎸ޵

ᇎߵ 6 Ҳйϼ੅ٷڈۨࢗڷڊᇎߵսР 5 Ϭҹխۨࢗϡࣄ੗䦚֔ױ䩟ЋϦ೬׏בׯݪ

ѓّ࢙ࣝࡑओЅц۵࣮׏ϡࣄۨࢗ੗䩟ӆҹ࿋ङϱІ Defects4J Ѕϡ࣮۵ࣄۨࢗ੗䦚Ү

Рϼ਎РᎸ䩟зњϢЙԅЏսРϣֺݚښϡ҈ۨࢗڷڊຎ䦚֔ױ䩟ӆҹಈѓӎ҈ϡّ

ࣝओцথ५ࢣࢻРࡄЅϡ٧ԛࠏଛՖҲд໯䩟ᔅࢣࢻࡾРࡄ䦚зњ䩟࣠ ࣝ୳ૢ[27,47]䩟Ϩ

઱խϡࣄߒࢗ੗ЅϿࡖϨԳߒϡࣄߒࢗ੗䦚ЋϦ೬ݪԳڲڋߒ䩟GenPat ц٤Լϡߒࢗ

থ५ՖҲుण䦚ుणϡކࡣϥ䩟ҒҝҖϬߒࢗথ५ A ф B НйӥѴԚૠጃࡈ䩟سҖϬ

থ५ࡢϩԚӎϡֲ֘ڷڊพф٧ڷڊԛ䩟ъАؚЙҩڶЋϥӎ҈ϡߒࢗথ५䩟ҩдϺ

ϣण䦚ӹױ䩟ӆҹз࢕ټഎओ 689,546 ϬϤӎϡߒࢗথ५䦚

5.2.1.2 㐯㦍㩌⡒㬕㺆㗷⳯⭅

ЋϦߒ࢙ࢗࡑҤ֚ IBFixϡϩ݌ԛ䩟ӆҹϨઑထߒࢗऴّࣝކओDefects4J[44] (v1.2.0)
ϼՖҲцԝӥࡑ䦚؎ّࣝओد࢕ଭϱІ 6 Ϭэ੅࣮۵ϡ 395 Ϭѐӥࡄਡઑထ䦚ԣ5.1࠶
оϦӥّࣝࡑओϡ૘࢛Ҟ֥䩟دଭҟϬ࣮۵Ѕᇎߵϡࡄਡઑထّ֝䦙ҟϬ࣮۵ϡכ୐

Նّ֝䦚ԪԣЅϡّࣝНйтѴ䩟؎ّࣝओЅϡ࣮۵୐Ћܲጷٍ࠻؀ׄߵҲّйڷڊ

ѓϡࢹϽэ੅઱խ䩟ࡢϩࢹϮϡࣇۅ䦚֔ױ䩟ԷЅϡ࣮۵ई஬ԛЇԝࢹϽ䩟Ғ Chart ࣮
۵ϥ Java ϼϡ֘ԣᆟ䩟ґ Closure ϥ໥ܮԍޅэ੅ϡ JavaScript ٩൜ፈॆҳҳ䦚ހڷڊ

ӹױ䩟؎ّࣝओࡢϩϣӡϡڊԣԛ䩟׍Ϩઑထ֩ߒࢗ෢ҩܲጷٍѓ[87,104,113,115]䦚

ԣ 5.1 ઑထߒࢗ৔भّ࢙ࣝࡑओ

㦞ㅅッ⒮ 㐯㦍㗷⼋ ■⿵㨾㗷 (kLoC) ␌㗎㗷⼋

JFreechart (Chart) 26 96 2,205
Closure compiler (Closure) 133 90 7,927
Apache commons-math (Math) 106 85 3,602
Apache commons-lang (Lang) 65 22 2,245
Joda-Time (Time) 27 28 4,130
Mockito (Mockito) 38 45 1,457
⧩⭜ 395 366 21,566

5.2.2 ⛪⼋⍖㽜

ӆҹϡߒࢗӥࡑЅзњ֡РϪ֞ߒ࢙ࢗࡑਤ౨ϡԜ৭ԛ䦚ԃߒࢗשਤ౨ҩڶЋϥ

Ԝ৭ߒࢗӾॸ঎ӾІ҃ߒࢗҤ֚ӛТюϡߒࢗਤ౨ԁّ࢙ࣝࡑओЅ٤పϡԜ৭ਤ౨ܬ

ॶҳ٣䦚ϨцԝϤӎϡߒࢗҤ֚ϡ݌ߒࢗҝЗ䩟ӆҹಈѓҖ҇֏֝ކࡣ䩟дԆϥኗҘ
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ଛ (Recall) фކ৭ଛ (Precision)䦚ԷӡॶҒЎӛܾ䦚

Recall =
TP

|All Bugs | , Precision =
TP

TP + FP

ԷЅ䩟TP ф FP дԆԣܾԜ৭ߒࢗфӮணߒࢗϡઑထّ֝䦚ӹױ䩟ኗҘଛϥࢗ܋

ਤ౨ϡߒࢗשϡϥϨНйТюԃ܋৭ଛކઑထϡԝຎ䩟ґחઑထ฼ҪߒࢗҤ֚Ԝ৭ߒ

ઑထЅ䩟ߒࢗҤ֚Ԝ৭ߒࢗϡઑထӛ฼ϡԝຎ䦚

5.2.3 ⛶⌴⭒㗯

ϨцԝߒࢗҤ֚ϡ݌ҝЗ䩟ӆҹϣ࢕цԝϦ 11 ҇ӔϩϡڊԣԛઑထߒࢗҤ֚䩟Է

Ѕدଭӆҹ୳ૢ֞ӑтԣҏњϡзЈઑထߒࢗ৔भ䦚цԝҤ֚дԆϥ jGenProg (Gen-
Prog[51] ϡ Java ӥѴ)䦙jKali (Kali[82] ϡ Java ӥѴ)䦙Nopol[117]䦙ACS[115]䦙HDRepair[52]䦙

ssFix[113]䦙ELIXIR[87]䦙JAID[15]䦙CapGen[104]䦙PraPR[29] йߵ SketchFix[34]䦚цӊйϼࢗ

Ӕϩϡӥ࢙୳ૢߎ܀ҹ䩟ӎЗӆҹХڹϡ׏ҝ୐ϱІцֲࡑҤ֚Ϩ؎ّࣝओϼϡӥߒ

ҹ[64,99]ڹ цઑֲ׹ҝّࣝՖϣ܌ԟ৖䦚

5.2.4 ⪏ⳅ⧧㈨㺥

ϨӥࡑЅ䩟ӆҹцӊӡ֧ЏϺϡֲҝ׍Ҳٍѓऴӊࣄ੗ߒࢗфԚঐڷڊϡ৔भТ

юߒࢗਤ౨䩟зњцਤ౨ՖҲٕਡ䦚ङϦҖ҇ਤ౨ТюҤ֚Іӱϡٕਡ೫ଯ䩟IBFix Ͽ

цҖ҇Тюϡਤ౨ՖҲٕਡ䦚۵ӓ IBFix Ϩцԃשਤ౨ՖҲٕਡಈѓϦϣ҇؀ߣϡ೫

ଯ䩭ऴӊԚঐڷڊТюϡߒࢗਤ౨ٕϨऴӊࣄ੗҈ۨࢗຎТюϡਤ౨䦚؎ٕਡ೫ଯҰ

ϴऴӊйЎҖѢ޴ൌ䦚(1) ऴӊԚঐڷڊТюϡߒࢗਤ౨ކ৭ଛѸҙ䦚Ұϴ֍ӹϥߎ܀

ԛԚцѸࣔ܋ϡٷϥ࣠ࣝቄ࣮۵Ҟ֥Тюਤ౨䩟ӓߒࢗ੗ࣄϱІӎϣϬ࣮۵䩟ґڷڊ

ϣԈ䦚(2)מ ऴӊԚঐڷڊТюϡߒࢗਤ౨Ϥ࣊༌ԳۨࢗߒҞ֥䦚ӹױ䩟֍जϼӓٷϡ

ٍѓ౒ࣻϿѸܲጷ䦚ӥকϼ䩟Ϩзټϡӥח࢙ࡑࡑдЇԣҴϼ਎ٕਡ೫ଯࡢϩЪϮϡ

ԣѴ䦚ӆӥࡑϨ 64 ֧ϡ Linux ୙ӑࢅڍϼՖҲӥࡑ䩟ҟϬࡄਡઑထϡߒࢗЗҽЋϤս

Р 5 ϬЩЗ䩟ҟϬઑထзЄТю 10 Ϭԃߒࢗשਤ౨䦚

5.3 㽴⛑㩌⡒➝➈ IBFix☨㸟㝛㩌⡒㨕⥗

5.3.1 㐯㦍㩌⡒㗷⼋

ԣ5.2࠶оϦઑထߒࢗϡӥֲࡑҝ䦚ԣ۴Ѕϡ䦧X(Y)䦨ԣܾц׏Ҥ֚Ϩц۵࣮׏ϼԜ

৭ߒࢗ䦧Y䦨Ϭઑထࡄਡ (ϤߎഒԜ৭ਤ౨ϡٕਡ)䩟ԷЅ䦧X䦨ઑထϡԜ৭ਤ౨ٕϨԃשਤ

౨Ѕϡҷϣ֧ঞ䦚ئቕϡ䩟ۥӊϣחдઑထߒࢗҤ֚ђТюϣϬߒࢗਤ౨䩟ӹױϢЙ
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૸ଯϦחдّࣝϡ䦧Y䦨䦚֔ױ䩟Ҥ֚ HDRepair ф SketchFix Ьϩѯоц۵࣮׏ϡ૘࢛ࢗ

Ҥ֚ђϨߒࢗдחӊۥϡ䦧X䦨ّࣝҩ૸ଯ䦚णঐϡ䩟׏䩟цّࣝߒ Defects4J ϡӓٚϬ

࣮۵ϼՖҲӥࡑ䩟ӹױ䩟цӊ Mockito Ҥ֚Ьϩّࣝ䦚ԣ۴Ѕීաҙ݊ϡߒࢗдח۵࣮

ϡзЄઑထّ֝䦚ߒࢗ۵ҩԜ৭࣮׏ԣцڊ؀ׄ۴

ԣ 5.2 IBFix ԁӔϩઑထߒࢗҤ֚цԝ

㦞ㅅ IBFix jGenProg jKali Nopol ACS HDRepair ssFix ELIXIR JAID CapGen PraPR SketchFix
Chart 6(7) 0 0 1 2 -(2) 3 4 2(4) 4(4) 4(7) -(6)
Closure 7(8) 0 0 0 0 -(7) 2 0 5(9) 5(5) 12(14) -(3)
Math 16(16) 5 1 1 12 -(7) 10 12 1(7) 12(13) 6(10) -(7)
Lang 12(12) 0 0 3 3 -(6) 5 8 1(5) 0(0) 3(6) -(3)
Time 1(1) 0 0 0 1 -(1) 0 2 0(0) 0(0) 1(3) -(0)
Mockito 1(1) - - - - - - - - 0(0) 0(3) -
⧩⭜ 43(45) 5 1 5 18 13(23) 20 26 9(25) 21(22) 26(43) 9(19)

ԪԣЅϡّࣝНйЃо䩟IBFix ѪڹϥߎഒٕϨҷϣ֧ঞϡԜ৭ߒࢗਤ౨ХϥڗҺ

֧ঞϡԜ৭ਤ౨䩟Ϩ؎ّࣝओϼЁӥѴϦзЄّ֝ϡԜ৭ߒࢗ䩟දԷϥцӊٕϨҷϣ

֧ঞϡԜ৭ߒࢗਤ౨䩟IBFix Ԝ৭ߒࢗϦ 43 Ϭ (10.1%) ઑထ䩟Ԛԝӊ PraPR ф ELIXIR
(ҝҋϮҤ֚݌) Ϧڢ٤ 65.4%䦚ґԚԝԷјϡઑထߒࢗҤّ֚֝ߒࢗҶӸϦ 1-42 හ䦚

ӾϤߎഒߒࢗਤ౨ٕਡЗ䩟IBFix ҶӸϦҖϬԜ৭ߒࢗ䩟дԆϥ Chart-4 ф Closure-2䩟
ԷԜ৭ਤ౨Ϩԃ࠶שԣЅдԆٕϨϦҷ 5 фҷ 2 ϡ֧ঞ䦚؎ӥֲࡑҝԣҴӆҹӛ٤о

ϡߒࢗҤ֚ IBFix Нйϩڢ٤݌ઑထߒࢗϡّ֝䦚ԷҰϴ֍ӹϥ IBFix ϩ݌сڢ٤Ϧ

䦚ԝҒڢӥѴЪϽ٤ّ֝ߒࢗЌҨ䩟ٍЏߒࢗ໪ઑထϡࠏۘ Listing 5.1ϥ Defects4J Ѕ

Math-71 ϡԜ৭ߒࢗਤ౨䦚Ԫߒࢗਤ౨ЅНйтѴ䩟Ԝ৭ߒࢗ؎ઑထؑϴ๭Պ 4 ݼֺ

߹ϡࡄਡطܬ (2-5 Ҳ)䩟ۥӊԷۋڷڊЌԁϼЎҹ઼ܷԚԮ׍ॸۨࢗԝߒࢹ૜䩟Ϩࣄ੗

؎ߒࢗҤ֚୐ϤЌԜ৭ߒࢗ໪ઑထ䦚Ӕϩϡࠏϡۘࡿ䩟ϥਹߒࢗϨԚӎࡖϤ׍Ѕߒࢗ

ઑထ䦚Ѽґ䩟ӆҹ٤оϡ IBFix ֡Рഎ౱ઑထࡄਡЅϡԚঐڷڊНйԜ৭ߒࢗ؎ઑထ䩟

Ϧྱބ IBFix Ҥ֚ϡϩ݌ԛ䦚

1. if(Math.abs(dt) <= Math.ulp(stepStart)){

2. + interpolator.storeTime(stepStart);

3. + System.arraycopy(y, 0, yTmp, 0, y0.length);

4. + hNew = 0;

5. + stepSize = 0;

6. loop = false;

7. } else {...}

Listing 5.1 ઑထࡄਡ Math-71 ϡߒࢗਤ౨

ЋϦՖϣ܌цԝ IBFix ԁӔϩߒࢗҤ֚ϡ݌ߒࢗҝ䩟ӆڝԗϤӎߒࢗҤ֚ӛߒࢗ

ϡࡢՄઑထ૘࢛࠶ӊԣ5.3Ѕ䦚ԷЅ䩟ҷԏڊ࠶ԣ Defects4J Ѕϡઑထ൜ً䩟њӌϡҟ࠶
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ԣܾцߒࢗ׏Ҥ֚ϡֲߒࢗҝ䦚 ԣܾц׏ઑထНйҩࡢ֞ߒࢗԜ৭ߒࢗ (ϤߎഒԜ৭

ਤ౨ϡٕਡ)䩟 ԣܾц׏ઑထ঎ҩ IBFix Ҥ֚Ԝ৭ߒࢗ䦚

д໯ԣЅّࣝНйтѴ䩟۵ӓӛϩцԝߒࢗҤ֚ ၉د) IBFix) ӛЌߒࢗϡઑထւ

ّЋ 101 Ϭ䩟ґӆҹҤ֚ IBFix जНйԜ৭ײבߒࢗϣٻ (44.6%)䦚ङױҏ֔䩟Ϩӛϩ

Ԝ৭ߒࢗϡઑထЅ䩟ϩ 16 Ϭ (15.8%) ઑထђϩ IBFix НйԜ৭ߒࢗ䦚ϼ਎ӥֲࡑҝԣ

Ҵ䩟IBFix Ϥ঎Нйϩ݌сڢ٤ઑထߒࢗҤ֚цۘࠏ໪ઑထϡߒࢗЌҨ䩟ӎЗѸࡢϩࢹ

ਤ౨З䩟ђϩߒࢗשഒҷϣϬԃߎϡ֡ѓԛ䦚Ԫԣ5.2ЅНйЃо䩟Ӿђמ IBFix Нй

Ϩӛϩणࡿϡ࣮۵ϼЁЌӥѴחдઑထԜ৭ߒࢗ䦚֔ױ䩟ԪϤӎϡ࣮۵ࡠ֏д໯䩟Ϩ

Ͻחд࣮۵ϼ (ChartᮢMathᮢLang⧧Mockito)䩟IBFix ӥѴّ֝ߒࢗзЄ䦚

зњ䩟֡ Рд໯ IBFixЅϡҖ҇ߒࢗਤ౨Тю৔भӛݘТϡԃשਤ౨тѴ䩟Ϩ IBFix
Ԝ৭ߒࢗϡӛϩ 45 ϬઑထЅ䩟ऴӊԚঐڷڊϡਤ౨Тю৔भ (SimFix) Ԝ৭ߒࢗϦ 34
Ϭ䩟ऴӊࣄ੗ߒࢗϡਤ౨Тю৔भ (GenPat) Ԝ৭ߒࢗϦ 19 Ϭ䦚سఱцԷЅϡ 8 Ϭࡄ

ਡઑထ䩟Җ҇৔भ୐ТюϦԜ৭ϡߒࢗਤ౨䦚֔ױ䩟ಈѓ SimFix ਤ౨܏ހϡٕਡҤ֚

юۋ೬ݪϦ GenPat Тϡݘ 6 ϬϤԜ৭ߒࢗ䦚ӎЗ䩟ఱц SimFix ϡઑထ䩟ߒࢗЌԜ৭۔

GenPat ӎ҈۔ЌݘТԜ৭ਤ౨䩟ЛҴ SimFix ЌҨߒࢗϡמϩѸࡢҤ֚ߒࢗ (Ѩӥϼ䩟

ҏњϿ࢙ࡑ GenPat Ϧӆҹӛ٤оϡਤ౨Тюྱބϡ֡ѓԛ)䦚ϼ਎ֲҝӎ҈מϩѸࡢ

৔भࡢϩЪϮϡૠਤԛ䩟ӥѴϦۘࠏ໪ઑထϡϩߒࢗ݌䦚

ԣ 5.3 ϤӎઑထߒࢗҤ֚૘ֲ࢛ҝ

ID Bug IBFix jGenProg jKali Nopol ACS HDRepair ssFix ELIXIR JAID CapGen PraPR SketchFix
1 Chart-1
2 Chart-3
3 Chart-4
4 Chart-5
5 Chart-7
6 Chart-8
7 Chart-9
8 Chart-11
9 Chart-12
10 Chart-14
11 Chart-19
12 Chart-20
13 Chart-24
14 Chart-26
15 Cloure-2
16 Cloure-10
17 Cloure-11
18 Cloure-14
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ԣ 5.3 ϤӎઑထߒࢗҤ֚૘ֲ࢛ҝ (۟)

ID Bug IBFix jGenProg jKali Nopol ACS HDRepair ssFix ELIXIR JAID CapGen PraPR SketchFix
19 Cloure-18
20 Cloure-31
21 Cloure-33
22 Cloure-40
23 Cloure-46
24 Cloure-51
25 Cloure-57
26 Cloure-62
27 Cloure-63
28 Cloure-70
29 Cloure-73
30 Cloure-86
31 Cloure-92
32 Cloure-93
33 Cloure-115
34 Cloure-126
35 Math-3
36 Math-4
37 Math-5
38 Math-22
39 Math-25
40 Math-30
41 Math-32
42 Math-33
43 Math-34
44 Math-35
45 Math-41
46 Math-50
47 Math-53
48 Math-57
49 Math-58
50 Math-59
51 Math-61
52 Math-63
53 Math-65
54 Math-68
55 Math-70
56 Math-71
57 Math-73
58 Math-75
59 Math-79
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ԣ 5.3 ϤӎઑထߒࢗҤ֚૘ֲ࢛ҝ (۟)

ID Bug IBFix jGenProg jKali Nopol ACS HDRepair ssFix ELIXIR JAID CapGen PraPR SketchFix
60 Math-80
61 Math-82
62 Math-85
63 Math-89
64 Math-90
65 Math-93
66 Math-98
67 Math-99
68 Lang-6
69 Lang-7
70 Lang-10
71 Lang-16
72 Lang-21
73 Lang-22
74 Lang-24
75 Lang-26
76 Lang-27
77 Lang-33
78 Lang-35
79 Lang-38
80 Lang-39
81 Lang-41
82 Lang-43
83 Lang-44
84 Lang-45
85 Lang-47
86 Lang-50
87 Lang-51
88 Lang-55
89 Lang-57
90 Lang-58
91 Lang-59
92 Lang-60
93 Time-4
94 Time-7
95 Time-11
96 Time-15
97 Time-19
98 Mockito-5
99 Mockito-22
100 Mockito-29
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ԣ 5.3 ϤӎઑထߒࢗҤ֚૘ֲ࢛ҝ (۟)

ID Bug IBFix jGenProg jKali Nopol ACS HDRepair ssFix ELIXIR JAID CapGen PraPR SketchFix
101 Mockito-38

5.3.2 㐯㦍㩌⡒㽜㐵⿔

ӆڝд໯ઑထߒࢗҤ֚ϡކߒࢗ৭ଛ䦚֘5.1ЅܾࣁϦϤӎߒࢗҤ֚ϡӥֲࡑҝ䦚

ߎоϦ঎ࡌϨ֘ЅϢЙдԆױਤ౨ϡٕਡ䩟ӹߒࢗҤ֚ӎЗѯоϦԜ৭ߒࢗдחӊۥ

ഒҷϣϬߒࢗਤ౨ϡކ৭ଛйߵϤߎഒਤ౨ٕਡϡކ৭ଛ ϨԜ৭ਤࡖЅשђϴԃس)

౨سН) 1 䦚Ԫ֘ЅНйЃо䩟ԚԝӊϽחдઑထߒࢗҤ֚䩟IBFix ৭ކҙϡਤ౨ࢹϩࡢ

ଛ䩟Ԕ࣊Ѽԝ ACS ф ELIXIR ϡԜ৭ଛࠍ䦚ϣҤӌ֍ӹϥ ACS ϡࡣ۵ڋޕϥҙކ৭

ଛϡֺխߒࢗ䩟ݞԷߒࢗϡّ֝ԚԝϴվЪЄ (Ғԣ5.2ӛܾ)䦚ґ ELIXIR Ҥ֚ϥ֡Р

Ϫ֞ӡॶߒࢗਤ౨থ५ϡҤ֚ӥѴߒࢗ䩟ӹױԷҰϴ޸ѓӊԝ׶ࢹԋϡઑထӮணणࡿ䩟

֡ѓԛϩࡳ䦚ؑϴئቕЛҴϡϥ CapGen Ҥ֚֍ӆϨףϬ࣮۵Ѕ࢙ࡑ (Ϥد၉ Closure
ф Mockito ࣮۵)䩟Էކ৭ଛЋ 84%䦚ӆҹӎЗֲׁϦӔϩϡӥ࢙୳ૢڹҹ[29,99] цԷӥ

ҝՖҲਤҪ䩟тѴֲࡑ GapGen Ϩ֔ࡔϡҖϬ࣮۵ϼݘТϦЪЄϤԜ৭ϡߒࢗਤ౨䩟Ԫ

ґࣔঊԷކ৭ଛઁࠍЪЄ䦚֔ױ䩟ӾϤߎഒߒࢗਤ౨ϡ֧ঞЗ䩟IBFix ϡކ৭ଛ׍Ьϩ

䩟֍ӹϥڢԆϽϡ٤ئ IBFix ђߎഒӓ 10 ϬԜ৭ߒࢗਤ౨䩟ӹЋਤ౨ّ֝ѿЄϿҶӸ

эт࢙ࡑٷਤ౨ϡ૎஍䦚ӹױ䩟ӥѓԛઁࠍ䦚Ѽґ䩟Ԫ֘ЅНйЃϺ JAID ф SketchFix
ϡކ৭ଛڢ٤ϦЪЄ䦚Ѩӥϼ䩟JAID ϡЪϽϣחд (10/25) Ԝ৭ߒࢗਤ౨ӔҮٕϨϦ

Ъۻњϡ֧ঞ䩟ђϩ 15 ϬઑထϡԜ৭ߒࢗਤ౨ٕϨӓ 10 ֧ঞ䦚ӹױ䩟Ғҝђߎഒӓ

10 ϡԜ৭ߒࢗਤ౨䩟Էކ৭ଛђϩ 48.4%䦚ґ SketchFix Ьϩѯоӛϩਤ౨ϡٕਡ䩟׍

ӹױђЌߎഒӛϩ֧ঞϡԜ৭ਤ౨䦚
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֘ 5.1 ઑထІ҃ߒࢗҤ֚ކ৭ଛцԝ

1 HDRepair ЬϩѯоӮணਤ౨ϡّ֝䩟ӹ֘ױЅ૸ଯԷّࣝ䦚
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Ԫϼӌϡд໯ֲҝНйЃо䩟܉ߊ IBFix ЬϩӥѴзϮϡކߒࢗ৭ଛ䩟ԔϥԷކ

৭ଛ࣊ѼހӊϽחдߒࢗҤ֚䦚֔ױ䩟۵ӓЪЄ୳ૢ֡РТю࠻Նࡄڈٷڈਡд໯ϡ

ҤܴРᎸϤԜ৭ϡߒࢗਤ౨[112,114,120]䩟ϸԈҤ֚НйओюϺϢЙϡߒࢗ৔भЅ䩟ϩܨ

ֳՖϣڢ٤܌ਤ౨ϡ֝ڱ䦚

5.4 IBFix㺲㐯㦍⛊㢭⭒㗯☨㱸㨕㩂㬕㺆
ӆڝд໯ IBFix Ѕӛٍѓϡઑထӡ֧৔भ PredFL ϡϩ݌ԛ䦚֡ Рҷ4.3.3ڝЅϡц

ԝд໯ϢЙӔҮҌѬ؎ӡ֧৔भԚԝӊֲׁҏӓϡऴӊࡄਡࠏഉӡ֧фऴӊڋࢅԛ݆

Նϡӡ֧Ҥ֚ЁϩϦҴࣸϡӡ֧݌ҝڢ٤䦚Ѽґ䩟ײӪё୳ૢ٤ٷоϦϣԈ֡Рֲׁ

Ϥӎӡ֧Ҥ֚ڢ٤ѴϩҤ֚ϡӡ֧ކ৭ଛ䦚ۥӊࠀϽחдӔϩϡӡ֧Ҥ֚ӔҮҩओю

Ϻࢅϣϡӡ֧Ҥ֚Ѕ䩟سϽחдϡࡄਡҞ֥ӔҮҩӔϩϡӡ֧Ҥ֚ӛٍѓ䦚ЋϦՖϣ

Ѵϩӡ֧ڢ٤܌ӆҹӛ٤оϡӡ֧Ҥ֚ϥਦ࣊ѼԁѴϩϡҤ֚ૠਤ䩟НйՖϣ࢙ࡑ܌

Ҥ֚ϡކ৭ଛ䩟ӆڝԗ PredFL ԁѴϩӡ֧Ҥ֚ՖҲцԝ䦚ϨцԝӥࡑЅ䩟ӆҹ֡Рԗ

PredFL ԁӔϩϡӡ֧৔भֲׁᕴବՖҲओюϱ෬౱ԷԁӔϩ৔भϡૠਤԛ䦚ӆҹٍѓ

ϦϣϬ۵ӓзЈϡэ੅ӡ֧Ҥ֚ओюᕴବ CombineFL[132] ӑЋцԝ䦚؎ᕴବओюϦ۵

ӓӔϩϡࠀϽחдӡ֧৔भ䦚

ԣ 5.4 CombineFL ӡ֧ᕴବЅϡओюٛԆ

⛊㢭㖫⭺⭌⍜ ➶⹮ ⭒㗯⤀⳱

Level 1
(ӪূϺӪূ֐)

ऴӊࣄ੗ (history-based) Bugspots
ऴӊఢᦦҞ֥ (stack trace) stack trace
ऴӊҞ֥ഠ౱ (IR-based) BugLocator

Level 2
(Ӫдވ)

ਡܷәࡄ (slicing) union, intersection
and frequency

ऴӊࠏഉ (spectrum-based) Ochiai and DStar
Level 3

(ऎ 10 дވ) ஼୫׆ࢬ (predicate switching) predicate switching

Level 4
(ӪЩЗ) ऴӊԸ஬ (mutation-based) Metallaxis and MUSE

CombineFL ओюϦ҇ࢳӔϩӡ֧Ҥ֚䩟࿡౐ऴӊࡄਡࠏഉ (Spectrum-based)[2]䦙ऴ

ӊԸ஬ (Mutation-based)[72,78]䦙ऴӊࣄ੗ (History-based)[83]䦙ऴӊҞ֥ഠ౱ (IR-based) ӡ
֧Ҥ֚[131]䩟йߵఢᦦд໯ (Stack trace analysis)[88]䦙҃ әܷݮ (Dynamic slicing)[97,100]䦙ф

஼୫׆ࢬ (Predicate switching)[127] Ҥ֚䦚׍ॸϤӎϡӡ֧Ҥ֚ҏҽНйڦҺॵׁ䦚࣠ࣝ

ӡ֧Ҥ֚ӛѓЗҽϡई஬䩟؎ӡ֧ᕴବϩףϬӡ֧ЗҽٛԆ䩟Ғԣ5.4ӛܾ䦚ԷЅҙٛ

ԆϡओюҤ֚دଭӛϩٛࠍԆϡӡ֧Ҥ֚䦚࣠ࣝҏӓϡд໯䩟PredFL ӡ֧ЗҽϨѧд

ഒԚӎӡ֧ЗҽϡҤ֚ओюйϤؙড়ӡߎ䩟ϨԁԷՖҲओюЗ䩟ӆҹӎ҈ױҏֵ䦚ӹވ
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֧ϡ݌ଛ䦚֔ױ䩟ӆҹЇϿओюӛϩҤ֚䩟ϱ෬౱ӆҹЈϡӡ֧Ҥ֚ϥਦцӔϩҤ֚

䩟ӆҹϨױҝ䦚ӹ݌ڢϩ٤ࡢ Level 2 ф Level 4 ҖϬٛԆԁ CombineFL ӡ֧ᕴବओю

ՖҲцԝӥࡑ䦚ؑϴڀҺϡϥ䩟ۥӊ؎Ҥ֚ӔҮ࢙ҴԷ݌ҝԝԷјϡӡ֧݌ҝϮ䩟Ғ

FLUCCS[90]䦚ӆҹԗבׯԁ؎ӡ֧ᕴବϡֲҝՖҲцԝ䩟ґϤӐԳߒԁԷјҤ֚цԝ䦚

ѼϨ࣊ࡑ䩟ӆцԝӥ֔ࡔ Defects4J ّࣝओϼՖҲцԝۥ䦚 ӊ؎ӡ֧ᕴବϨ Defects4J ϡ

ӓٚϬ࣮۵ϼՖҲӥࡑ (Ϥدଭ Mockito ࣮۵)䩟ӆҹӥࡑϨӎ҈ّࣝओϼ࢙ࡑ䦚ӆڝಈ

ѓҷ4.3.3ڝцԝд໯Ѕӎ҈ϡҤ֚ӥѴԁ֏֝ކࡣ䦚

ԣ 5.5 PredFL ӡ֧Ҥ֚цӔϩҤ֚ϡ݌ڢ٤ҝ

Level 2
Top-1 Top-3 Top-5 Top-10

- + - + - + - +
Chart 11 13 19 18 21 18 23 25
Math 49 58 78 81 84 87 90 94
Lang 42 45 55 55 57 56 60 60
Time 12 12 15 16 17 19 18 20

Closure 30 46 47 64 52 68 59 81
⧩⭜ 144 174 214 234 231 248 250 280
⊇➶⌴ 40.3% 48.7% 59.9% 65.5% 64.7% 69.5% 70.0% 78.4%

Level 4
Top-1 Top-3 Top-5 Top-10

- + - + - + - +
Chart 13 14 19 18 21 18 24 20
Math 63 67 83 86 85 91 93 95
Lang 47 51 59 57 61 61 61 61
Time 10 12 12 17 16 19 19 20

Closure 35 41 57 64 64 76 74 88
⧩⭜ 168 185 230 242 247 265 271 284
⊇➶⌴ 47.1% 51.8% 64.4% 67.8% 69.2% 74.2% 75.9% 79.6%
ԣ۴Ѕϡ “-’’ ϡ״֍ԣܾ࠶ CombineFL ӡֲ֧ҝ䩟“+’’ ԣܾओюϦ࠶ PredFL Ҥ֚ҏњϡӡֲ֧ҝ䦚

ԣ5.5ܾࣁϦӥࡑЅϡӡֲ֧ҝ䦚ԪӥֲࡑҝНйтѴ䩟܉ߊѴϩϡӡ֧Ҥ֚ӔҮ

ओюϦЪЄࡄਡҞ֥䩟ӆҹӛ٤оϡҤ֚ PredFL ࣊ѼНйՖϣڢ٤܌Էӡ֧ϡކ৭

ଛ䩟ڢ٤ๆ֏Ԫ 4.8% (75.9% vs 79.6%) Ϻ 20.8% (48.7% vs 40.3%)䦚Ϥ঎Ғױ䩟д໯ԣ

ЅّࣝНйтѴ䩟цӊ؀Ϭ࣮۵ϡӡ֧݌ҝ䩟PredFL ࣊Ѽࡢϩڢ٤ӑѓ䦚ئԆϡ䩟Ӿ

ओю PredFL ҏњ䩟Ϩ Level 2 ЗҽٛԆϡӡ֧ކ৭ଛԝ Level 4 Хϴҙ䩟ՄѴϦҤ֚

PredFL ϡӡ֧ϩ݌ԛйߵԁ۵ӓӛϩӡ֧Ҥ֚ϡૠਤԛ䦚

㨏ⰵᱶԪӥࡑд໯ЅНйЃо䩟֡РֲׁҖ҇Ϥӎӡ֧Ҥ֚Нйϩڢ٤݌ઑထӡ

֧ϡކ৭ଛ䦚ԔϥцӊӆҹЅӛ٤оϡӡ֧Ҥ֚䩟࣊ ѼࡖϨНйՖϣ٩ހ܌ϡ׺ҽ䦚ц

ӊ۔ϱ֞ӑ䩟ऴӊӆҹӛ٤оϡࢅϣӡ֧থࡿ䩟НйԪйЎҖϬҤӌ٩ހ۟ߓйڢ٤

PredFL ϡӡ֧ކ৭ଛ䩭(1)㢯╰㓴㫍䦚Ԫҷ4.3.3ڝЅϡд໯НҌ䩟Ϥӎϡ஼୫Ϩӥকϡ
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ӡ֧ЅӛвϡӑѓϥϤϣঊϡ䩟חд஼୫ᔅࡾӡ֧䩟ӎЗϩחд஼୫Ͽ߃ю᦯ൢݾل

ؙড়ӡ֧݌ҝ䦚ԝҒ Listing 5.2Ѕӛܾࣁϡϥ Chart-9 ϡߒࢗਤ౨䩟ԷоӮϡڷڊϥҷ

5 ҲЅϡֺխڷڊ䩟ґϨӥࡑЅтѴ䩟ॎѼ؎ઑထӥѴϦކ৭ϡӡ֧䩟ԷЅт༯ӑѓϡ

஼୫ϥϨҷ 1 ҲЅϡֺխґϤϥҷ 5 Ҳϡֺխ䦚ӹױ䩟֡Рᣩשԃש૮ݮ஼୫䩟ϩܨ

⟇Ҟ֥䦚(2)ࣔ܋٤పࡄРߒࢗІ҃٩ϡٷڈ䩟ՖґНйЋϪ֞֝ڱ஼୫ϡݮ૮ڢ٤ֳ
㦅㋂⤜⤇㖷䦚۵ӓ PredFL ಈѓϡϥऴӊࡄਡࠏഉӡ֧Ҥ֚Ѕϡըছ߯ຽԍܴ䦚Ѽґ䩟

ӥকϼ؎ԍܴϡ׍ࡣ۵ڋޕϤϥఱц૮ݮ஼୫䦚ӹױ䩟ЋԷڋޕѸׁ޸ϡڲڋԍܴϩ

НЌՖϣڢ٤܌ӡ֧ކ৭ଛ䦚

1. if(start == null) {

2. throw new IllegalArgumentException();

3. }

4. ...

5.- if(endIndex<0){

6.+ if((endIndex<0)||(endIndex<startIndex)){

Listing 5.2 Defects4J ّࣝओЅ Chart-9 ϡߒࢗਤ౨

ᆨϼӛ਎䩟ӆҹ٤оઑထӡ֧৔भ PredFL Нйϩڢ٤݌ઑထӡ֧ϡކ৭ଛ䩟׍ԁ

۵ӓӔϩϡӡ֧Ҥ֚ࡖϨૠਤԛ䦚

5.5 ⫑㲂☉⢔㬥⺋☨⏣⛃㔶⒱⭒㗯㱸㨕㩂㬕㺆

ЋϦ࢙ࡑ GenPat ঞюϦϣϬࡈԗԷڝҝ䩟ӆ݌ЅϡߒࢗѓЗϨІ҃٩ઑထٍݼ؀

Нйݼ߹ٍѓϡઑထࡢ֞ߒࢗ䦚ЋϦфӔϩϡઑထߒࢗҤ֚ՖҲцԝ䩟؎ࡢ֞ߒࢗЅ

ӎ҈ٍѓӔϩϡઑထӡ֧৔भӡ֧ࡄਡЅϡઑထ䩟׍ԗֲҝԁӔϩҤ֚ՖҲцԝ䦚؎

ӥࡑЅ䩟ӆҹӎ҈ޕঞҟϬઑထϡߒࢗЗҽϤսР 5 ϬЩЗ䦚ԣ5.6Ѕ࠶оϦϤӎઑထ

ҝ䦚ֲࡑҤ֚ϡӥߒࢗ

ԣ 5.6 GenPat ԁӔϩઑထߒࢗҤ֚цԝ

㦞ㅅ GenPat jGenProg jKali Nopol ACS HDRepair ssFix ELIXIR JAID CapGen PraPR SketchFix
Chart 3(4) 0 0 1 2 -(2) 3 4 2(4) 4(4) 4(7) -(6)
Closure 5(6) 0 0 0 0 -(7) 2 0 5(9) 5(5) 12(14) -(3)
Math 3(4) 5 1 1 12 -(7) 10 12 1(7) 12(13) 6(10) -(7)
Lang 4(4) 0 0 3 3 -(6) 5 8 1(5) 0(0) 3(6) -(3)
Time 0(0) 0 0 0 1 -(1) 0 2 0(0) 0(0) 1(3) -(0)
Mockito 1(1) - - - - - - - - 0(0) 0(3) -
⧩⭜ 16(19) 5 1 5 18 13(23) 20 26 9(25) 21(22) 26(43) 9(19)

ԪӥֲࡑҝНйЃо䩟GenPat ϣ࢕Ԝ৭ߒࢗϦ 19 Ϭઑထ䦚ԷЅ䩟цӊ 16 Ϭઑ

ထ䩟GenPat ၖҘϡҷϣϬسϥԜ৭ਤ౨䩟ހӊϣԈзЈϡઑထߒࢗҤ֚䩟Ғ SketchFix䦙
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JAID ф HDRepair ҳ䦚Ѽґ䩟GenPat ϡّ࣊֝ߒࢗѼԝϣԈӔϩϡઑထߒࢗҤ֚վ䩟Ғ

PraPR䦙CapGen ф ACS ҳ䦚ֲ ҝԣҴ GenPat ࣊ѼϩՖϣڢ٤܌ϡ׺ҽ䦚֔ױ䩟GenPat
ϨߒࢗϡРࡄЅݘТϦ 23 ϬϤԜ৭ϡߒࢗਤ౨䩟Էߒࢗਤ౨ކ৭ଛЋ 45.2%䩟ҙӊ

Ҥ֚ߒࢗдӔϩϡІ҃חϽࠀ 䦚֡Р૘࢛д໯䩟GenPat(5.1֘ߎ܀) ϩҖϬҤӌ࣊Ѽ

Нйڢ٤۟ߓ䦚۰܏䩟ۥӊ GenPat ϥϣϬ֡ѓϡۨࢗڷڊথ५٤ԼҤ֚䩟۵ӓϡӥ

Ѵઑվҙ݌ϡഎ౱֚ڲ䩟ࣔঊϨϽ֝ϡਤ౨থ५Ѕԡйӡ֧Ԝ৭ߒࢗ䦚Էҋ䩟ӥࡑЅ

GenPat ٤Լথ५ЗђᇓࣁϣৢϼЎҹҞ֥䩟ϿࣔঊϣԈথ५ϡӮணٍѓ䦚ЋϦՖϣ܌

ڢ٤ GenPat ϡઑထߒࢗЌҨ䩟֡Рэтҙ݌ϡഎ౱֚ڲйߵҶӸϼЎҹҞ֥ϩֳܨ

ϡّ֝䦚ߒࢗথ५ٍѓϡԜ৭ԛ䩟ҶӸڢ٤

12 public static boolean areEqual(Object o1,Object o2){

13 + if(o1==o2){

14 + return true;

15 + }

16 if(o1==null||o2==null){

Listing 5.3 Mockito-22 ϡߒࢗਤ౨

䩟GenPat֔ױ Ԝ৭ߒࢗϡ 19 ϬઑထЅ䩟4 ϬઑထԪ۔ҩحڗӔϩϡߒࢗҤ֚ӛ

䦚ԝҒߒࢗ໪ઑထϡࠏѴϩҤ֚цۘڢ䦚ԣҴ؎Ҥ֚Нй٤ߒࢗ Listing 5.3Ѕܾࣁϡ

ϥ Mockito-22 ϡߒࢗਤ౨䩟۵ӓӔϩϡߒࢗҤ֚ЁϤЌԜ৭ߒࢗ؎ઑထ䦚Ѽґ䩟Ϩӥ

Ѕ䩟GenPatࡑ Ϩэ੅࣮۵ϡࣄߒࢗ੗Ѕюۋс٤ԼоϦѓӊߒࢗ؎ઑထϡਤ౨থ५䩟

Listling 5.4Ѕ࠶оϦ؎ࣄ੗ڷڊۨࢗ 1 䦚Ѩӥϼ䩟Ϩӆҹϡਤ౨থ५٤ԼّࣝओЅ䩟ण

ঐۨࢗђࡖϨϣϬ䦚ྱބϦ࣠ࣝ؀Ϭϡ҈ۨࢗڷڊຎ٤Լߒࢗϡথ५цӊࠏۘߒࢗ໪

ઑထϡԳϴԛ䦚GenPat ࣠ࣝ؎ܾຎۨࢗНйԜ৭٤Լਤ౨থ५ߒࢗ׍؎ઑထ䩟࢙ҴϦ

GenPat цӊࠏ٭ߒࢗ໪ઑထϡϩ݌ԛ䦚

526 boolean _equalsComplexEL(Object left,Object right,...){

527 + if(left==right){

528 + return true;

529 + }

530 if(Decision.isSimpV(left)&&Decision.isSimpV(right)){

Listing 5.4 ߒࢗ Mockito-22 ϡࣄߎ܀੗ߒࢗ

Ѽґ䩟܉ߊ GenPat цӊࠏۘߒࢗ໪ϡઑထϩԝמࢹϡ׏޸ԛ䩟ԔԷԜ৭ߒࢗϡઑ

ထւّ࣊ѼϤϥЪԑЂ䩟࣊ѼϩՖϣ٩ހ܌ϡ׺ҽ䦚ϣҤӌϥϼӌӛೀཾϡ٩ހ֚ڲ

՜֣䩟ࡔϣҤӌϥ GenPat ϥϣϬ֡ѓϡۨࢗڷڊথ५٤ԼҤ֚䩟ઑվцઑထߒࢗϡఱ

цԛ٩ހ䦚Ϩҷ5.7ڝЅϢЙԗ࢙ࡑԷࡢϩמࢹϡ֡ѓԛ䦚
1 https://github.com/clitnak/mcrailo/commit/8e76da8
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5.6 ⫑㲂㦐㙾■⿵☨⏣⛃㔶⒱⭒㗯㱸㨕㩂㬕㺆

5.6.1 㸟㝛㩌⡒㨕⥗

ӆڹॗڝ SimFix цӊߒࢗѐӥઑထϡϩ݌ԛ䦚Ϩ؎ӥࡑЅ䩟ӆҹԗ SimFix ঞࡈ

юЋϣϬݼ߹ϡઑထࡢ֞ߒࢗ䩟ԷЅઑထӡ֧৔भٍѓϡϥӔϩϡઑထӡ֧৔भ䩟з

њԗߒࢗϡֲҝԁӔϩҤ֚ՖҲцԝ䦚ӥࡑЅ䩟ӆҹޕঞҟϬઑထϡߒࢗЗҽϤսР

5 ϬЩЗ䦚ԣ5.7Ѕ࠶оϦϤӎߒࢗҤ֚ϡ૘ֲ࢛ҝ䦚

ԣ 5.7 SimFix ԁӔϩઑထߒࢗҤ֚цԝ

㦞ㅅ SimFix jGenProg jKali Nopol ACS HDRepair ssFix ELIXIR JAID CapGen PraPR SketchFix
Chart 4(4) 0 0 1 2 -(2) 3 4 2(4) 4(4) 4(7) -(6)
Closure 6(6) 0 0 0 0 -(7) 2 0 5(9) 5(5) 12(14) -(3)
Math 14(14) 5 1 1 12 -(7) 10 12 1(7) 12(13) 6(10) -(7)
Lang 9(9) 0 0 3 3 -(6) 5 8 1(5) 0(0) 3(6) -(3)
Time 1(1) 0 0 0 1 -(1) 0 2 0(0) 0(0) 1(3) -(0)
Mockito 0(0) - - - - - - - - 0(0) 0(3) -
⧩⭜ 34(34) 5 1 5 18 13(23) 20 26 9(25) 21(22) 26(43) 9(19)

ԪԣЅцԝֲҝНйЃо䩟SimFix ϨӥࡑЅϣ࢕Ԝ৭ߒࢗϦ 34 Ϭઑထ䦚Ԛԝӊ۵

ӓӔϩϡߒࢗҤ֚䩟Ԝ৭ߒࢗϦзЄّ֝ϡࡄਡઑထ䦚ӾߎഒϨϤӎ࣮۵ϼϡ݌ߒࢗ

ҝЗ䩟SimFix Ϩϣٻϡ࣮۵ϼЁӥѴϦԜ৭ّ֝ߒࢗзЄ䩟ԣҴϦ SimFix ϡמϩѸࡢ

ਤ౨ТюЌҨ䩟දԷϥఱцۘࠏ໪ϡઑထ䦚ԝҒҷ4.5.5ڝ Listing 4.3Ѕӛܾࣁϡઑထڊ

䩟SimFixڷڊԚঐߎ܀䩟Ѽґ֡РߒࢗҤ֚ЁϤЌԜ৭ߒࢗ䩟Ӕϩϡઑထڷ Ԝ৭ߒࢗ

Ϧ؎ઑထ䦚Ѩӥϼ䩟؎ઑထϨࣄ੗Ѕ׍Ѫߎ܀ԚঐࡖߒࢗϨ䩟ӛй֡Р٤Լਤ౨থ५

ϡҤ֚ЇϤЌϩߒࢗ݌䦚

ङױҏ֔䩟SimFix ϣ࢕ТюϦ 22 ϬӮணϡਤ౨䩟Էކߒࢗ৭ଛЋ 60.7%䦚࣠ࣝ

֘5.1䩟Էކ৭ଛҙӊϽחдઑထߒࢗҤ֚ (4.5%-42.9%)䩟ф ELIXIR ϡކ৭ଛ (63.4%)
䩟SimFixױҒ܉ߊҺϡϥ䩟ڀЏߚ䦚ײב׶ۘ ϡކ৭ଛ࣊Ѽԝ ACS (78.3%) ϴࠍ䦚Ұ

ϴ֍ӹϥ ACS 䩟ϣԈӔϩϡҤ֚[112,114,120]֔ױ䦚ߒࢗӊҙؘ֏ϡֺխӮணڀ֠ ٤оН

й֡РРᎸІ҃Тюϡߒࢗਤ౨ϱڢ٤ਤ౨ϡކ৭ଛ䩟ϸԈҤ֚Нйѓӊ SimFix ਤ౨

ϡРᎸ䩟ϩֳܨՖϣڢ٤܌ਤ౨ϡ֝ڱ䦚

зњ䩟ЋϦд໯ SimFix ࢗઑထԁӔϩߒࢗ໪ઑထϡЌҨ䩟ӆҹцԝϦԷࠏۘߒࢗ

ቕϡ䩟ЋϦᆡ਎֜ئਤ౨஬ӎ䦚ߒࢗҤ֚ϡߒࢗϦϤӎܾࣁ൛֘5.2ۅओ䦚ےҤ֚ϡߒ

ᎋ䩟Ϩ؎֘Ѕӆҹђ࠶оϦӛϩ SimFix НйԜ৭ߒࢗϡઑထ䩟Էј࠶۔оϡઑထЇϩ

НЌҩԷјҤ֚Ԝ৭ߒࢗ 䦚Ԫ֘ЅНйЃо䩟SimFix(ԣ5.7ߎ܀) Ԝ৭ߒࢗϡઑထЅ䩟

12 ϬઑထЁϤЌҩӔϩϡҤ֚ߒࢗ䦚ӥֲࡑҝԣҴ SimFix фѴϩϡઑထߒࢗҤ֚ࡢ

ϩૠਤԛ䦚ԷЅϣϬҰϴϡ֍ӹϥ SimFix НйߒࢗЪЄۘࠏ໪ϡઑထ䦚ԝҒ䩟ङϦ

Listing 4.3Ѕӛܾϡઑထ֔䩟ҷ5.3ڝ Listing 5.1Ѕӛܾࣁϡઑထڷڊӎ҈ϥ࣠ࣝԚঐڊ
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ҝԣҴֲࡑ䩟ӥױ䦚ӹߒࢗӥѴԜ৭ڷ SimFix Нйϩࠏۘߒࢗ݌໪ϡઑထ䩟ӎЗϤ࣊

༌حڗԳߒࢗߒ䦚

SimFix

HDRepair

ACS OTHERS 12
Chart(C)-3,7
Lang(L)-16,27,39,41,50,60
Math(M)-71,98
Closure(Cl)-57
Time(T)-7

ELIXIR

C-20
L-58
M-41,63,79
Cl-63,115

7

L-33
M-33,57,59

4
M-751

M-5
1 C-1

M-50,70
L-43

M-53
Cl-14,73

Cl-62

M-35
1

4

3

1

֘ 5.2 SimFix ओےҝԁӔϩҤֲ֚ߒࢗ

5.6.2 ⺈㖱㩌⡢⛶㩌⡒☨㱘㦜

࣠ࣝҏӓϡೀཾ䩟SimFix ֡РٍѓԚঐڷڊЋۘࠏ໪ઑထϡ٤ߒࢗపϦࣔ܋ۨࢗ

фਤ౨֍ࢧ䩟ґ࣠ࣝࣄ੗ϡߒࢗਤ౨ӛพ߃ϡ׺ۨࢗࢣࢻҽՖϣ٩ހ܌Ϧਤ౨Тюϡ

䩟ϢЙцױЅϡؙড়䦚Ћߒࢗਤ౨Ϩߒࢗ੗ࣄ࢙ࡑڝ䦚ӆ֝ڱ SimFix ՖҲۨࢗ䩟࿋ङ

Ϧ׺ۨࢗࢣࢻҽцТюਤ౨ϡऎଚ䩟س঎঎࣠ࣝԚঐڷڊТюߒࢗਤ౨䦚ЋϦҤ۬ᆡ

਎䩟ӆڝी؎Ҥ֚Ћ SimFix-A䦚

ԣ5.8Ѕ࠶оϦӥࡑцԝֲҝ䦚д໯ԣЅّࣝтѴ䩟ӾϤ޸ѓࣄ੗ߒࢗцۨࢗڷڊ

ՖҲऎଚЗ䩟12 ϬઑထԗϤЌҩԜ৭ߒࢗ䦚ԷҰϴ֍ӹϩҖϬҤӌ䩭(1) ۨࢗڷڊӊۥ

ਤ౨ϨԜ৭ਤߒࢗϨѸЄϡϤԜ৭ਤ౨䩟ٍЏӮணϡࡖҽЅϿ׺ҽԸϽ䩟ਤ౨എ౱׺

౨ҏӓҩТю䦚цԝਤ౨ϡކ৭ଛНйЃо䩟SimFix-A ТюϦѸЄϤԜ৭ϡߒࢗਤ౨䦚

(2) Ӿਤ౨ϡഎ౱׺ҽԸϽ䩟ϨϩࡳϡߒࢗЗҽҏֵϿࣔঊԜ৭ϡߒࢗਤ౨ϤЌЏϺࡑ

࢙䦚ϨӥࡑЅ䩟Ԛԝ SimFix, SimFix-A ୐ЋҟϬઑထЄТюϦכ 2.3 හّ֝ϡԃߒࢗש

ਤ౨ҥӥѴԜ৭ߒࢗ䩟ٍ Џ SimFix-A ϽมՐ٭ҖහϡԜ৭ߒࢗЗҽ䦚؎ӥֲࡑҝԣҴ䩟

ٍѓࣄ੗ߒࢗцਤ౨׺ҽՖҲࡢ٩ހϩԳϴӑѓ䦚

ԣ 5.8 SimFix ԸՄ݌ҝцԝ.

➝➈⍐㝛 Chart Closure Math Lang Time Mockito ⧩⭜ ⏣⛃㽜㐵⿔

SimFix 4 6 14 9 1 0 34 60.7%
SimFix-A 2 2 11 7 0 0 22 37.9%
SimFix-D 3 6 11 9 0 0 29 46.0%

5.6.3 㓺ⓥ␃㾗⛶㩌⡒☨㱘㦜

࣠ࣝҷ4.5.2ڝϡೀཾ䩟ۥӊ࿋ङ୙ӑࣔډبঊӮணϡߒࢗਤ౨䩟SimFix Ѕђدଭ

䩟ӆҹцױҝϡؙড়䦚Ћ݌ߒࢗ୙ӑцڷڊ࿋ङ࢙ࡑڝ୙ӑ䦚ӆ޼༗ڷڊ๭Պфڷڊ
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SimFix ՖҲϦϣԈٍۨࢗЏԷኧܙ࿋ङڷڊ୙ӑ䩟ीЋ SimFix-D䦚ԣ5.8Ѕ࠶оϦ؎Ҥ

֚ϡֲߒࢗҝ䦚ԪԣЅНйтѴ䩟SimFix-D Ԛԝӊ SimFix ँվϦ 5 ϬԜ৭ߒࢗ䩟ӎЗ

ٍЏߒࢗϡކ৭ଛઁࠍϦ 14 ϬښдѢ䦚Է֍ӹф SimFix-A णঐ䩟എ౱׺ҽϡҶϽϿ

ࣔঊѸЄϤԜ৭ϡߒࢗਤ౨䩟Ћਤ౨എ౱ҶӸԡ֏䩟Ԫґઁࠍਤ౨ϡ֝ڱ䦚

5.6.4 㥨⻯⛪■⿵㩌⡢⛶㩌⡒☨㱘㦜

࣠ࣝҷ4.5.1ڝϡೀཾ䩟ԚԝӊҏӓҤ֚[45,51,81,102,123] ϨٛطܬԆߒѓڷڊ䩟SimFix
֡Р֚ܬࢣࢻஔϼϡڷڊई஬֚ڲӥѴϦцઑထڷڊϡ࢛ཇ֏ (ԣܼܴٛԆ) 䦚Ћۨࢗ

Ϧд໯Էц݌ߒࢗҝϡؙড়䩟ӆҹϪ֞д໯Ϧ SimFix ТюϡԜ৭ߒࢗਤ౨䩟ڋࢅϩЄ

վਤ౨Нй֡РٛطܬԆϡߒڷڊѓҩТю䦚д໯ֲҝԣҴ䩟ӾђኧߒܙѓطܬЗ䩟֍

ϱϡ 17 ϬԜ৭ߒࢗਤ౨ϤЌҩТю䩟ӹЋؚЙЁϥߒѓϦԚঐڷڊЅѸ࢛ཇ֏ϡڷڊ

ׄঈӥѴϡߒࢗ䦚ӹױ䩟ֲҝԣҴ SimFix ϡ࢛ཇ֏ߒڷڊѓЇϥڢ٤ઑထّ֝ߒࢗϡ

ϣϬԳϴӹঈ䦚

5.7 ■⿵㩌⡢ㄩ⊓㝗㐟⭒㗯☨㟜㱫㩂㬕㺆

࣠ࣝҏӓϡೀཾ䩟ӆҹӛ٤оϡۨࢗڷڊথ५٤ԼҤ֚ GenPat Ϥ঎Нй׏ѓӊ

ڷڊԛࢅڍР֡ڝϩ֡ѓԛ䦚ӆࡢЎ࢓ѓԿ׏໪ϡઑထ䩟ӎЗϨԷјणঐϡࠏۘߒࢗ

ۨࢗ (Systematic Editing)[69] ԁ۵ӓзϮϡ৔भ׍Է֡ѓԛ䩟࢙ࡑѓ׏ Sydit ՖҲцԝ

ӥࡑ䦚ࢅڍԛ܋ۨࢗڷڊϡϥэт٤ٷపϣϬܾຎۨࢗڷڊ䩟Іܾ҃ࣝ࣠ࡢ٩֞ຎ٤

Լۨࢗڷڊথ५׍І҃ۨࢗԷј֧ঞԚঐڷڊ䦚

㗷⳯⭅ ЋϦ࢙ࡑ GenPat ϡ֡ѓԛ䩟ӆӥࡑϨҖϬّࣝओϼ࢙ࡑ GenPat ϡ֡ѓԛ䦚

ҷϣϬّࣝओϥۥ Meng ҳϪ[69] ٤оѓϱ࢙ࡑҤ֚ Sydit ϡϩ݌ԛ䩟ीЋ Sydit ّࣝ

ओ䦚֔ࡔϣϬّࣝओϥۥ Kreutzer ҳϪ[50] ٤о䩟֡ Рుण֚ڲԗԚঐϡۨࢗՖҲஓण䩟

ीЋ C3 ّࣝओ䦚ԣ5.9࠶оϦّࣝओϡ૘࢛Ҟ֥䦚ԪԣЅّࣝНйЃо䩟ҖϬّࣝओ

Ѕدଭܾຎϡّ֝Ϥӎ䦚֔ױ䩟ҖϬّࣝओഎओϡРࡄЇϩӛϤӎ䦚Sydit ّࣝओЅϡ

ϥٍѓڷڊۨࢗ ChangeDistiller[23] ٤Լۨࢗڷڊ䩟׍ϴؒԚঐۨࢗҏҽۓછݥϩ۠վ

ϣϬԚӎϡۨࢗ୙ӑ䦚֔ױ䩟ҩۨࢗϡڷڊϴ۠߿ٶվ 40% ϡҹӆԚঐԛ䦚ӹױ䩟؎

ّࣝओцԚঐۨࢗϡϴؒԝࢹ଴۴䦚Ԛބϡ䩟ّ ࣝओ C3 Ϥ঎دଭѸЄّ֝ϡۨࢗڷڊ

ц䩟ӎЗԷّࣝϡഎओϥ֡Рుण֚ڲԗϤӎϡۨࢗڷڊՖҲుण䩟ӎϣणԆֵϡࢗ

ۨԸ٩ԛѸϽ䩟׍ॸҟϬणԆЅНЌЄӊҖϬۨࢗ䦚ӆҹцЄӊҖϬԚঐۨࢗϡणԆ

ՖҲڦҜಈ҈䩟ࡺשԷЅҖϬӑЋӥّࣝࡑ䦚
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ԣ 5.9 GenPat ֡ѓԛّ࢙ࣝࡑओ

㗷⳯⭅ッ⒮ ⊪⧆㦞ㅅ 㩌⡢㖯⺋⛶㗷

Sydit - 56

C3

junit 3,904
cobertura 2,570
jgrapht 2,490

checkstyle 13,263
ant 25,063

fitlibrary 3,199
drjava 31,393

eclipsejdt 73,109
eclipseswt 63,446

⧩⭜ 218,493

⥙⒴ Ϩ؎ӥࡑЅ䩟ѯӡԚঐϡϣцۨࢗڷڊ (va → va′, vb → vb′)䩟ӆҹࡺשԷЅϡϣ

ϬۨࢗӑЋ٤Լۨࢗথ५ϡਖ୞ّࣝ (Ғ va → va′)䩟Ѽњ൪Նٍѓ؎থ५֔ࡔߒࢗϣ

Ϭڷڊ (Ғ vb)䩟׍Тюۨࢗҏњϡڷڊ vb′∗䦚зњ䩟֡Рԝࢹ vb′∗ фԜ৭ϡڷڊ vb′䩟်

आۨࢗϥਦԜ৭䦚ϨӥࡑЅ䩟ӆҹ֚࣠ࣝܬҳ٣ϱ်आҖϬڷڊϥਦԚӎ䦚ङױҏ֔䩟

ϢЙϪ֞ಈ҈ϦϣԈۨࢗӥຎ䩟Ϫ࢙֞ࡑԷԜ৭ԛ䦚цӊҟϬۨࢗڷڊ୙ӑ䩟ӆҹޕ

ӡӥࡑЗӗЋ 1 дވ䦚ئቕϡ䩟Ϩ؎РࡄЅ䩟GenPat ٍѓઑထߒࢗЅٍѓϡԚӎࣄ੗

䦚ࢣࢻথ५ࡾଛ䩟ᔅࠏ٧ԛڷڊڋࢅओّࣝߒࢗ

ⰵ⥗➶㣨 ࢙ࡑϡّࣝओϼݱ䩟ӆҹϨԟ܏۰ GenPat ϡ݌ҝ䦚ԣ5.10࠶оϦ GenPat
ϡӥֲࡑҝ䩟ԷЅҷѧ࠶ԣܾӥࡑЅٍѓϡ҈ۨࢗڷڊຎّ䦚ҷ࠶ףԣܾ GenPat Нй

ԪѯӡϡۨࢗڷڊӥຎЅ٤Լۨࢗথ५׍ю׏ۋѓϨ࠻Նڷڊϼϡّ֝䦚зњϣ࠶ԣ

ٍܾѓцۨࢗ׏ҏњӛЏϺϡڷڊԁѯӡϡԜ৭֚ܬڷڊҳ٣ϡّ֝䦚ԣЅϡ၉ֵً

ϥԝຎّࣝ䦚ԪӥֲࡑҝНйЃо䩟GenPat НйЋ 39.1% ϡ٤ۨࢗڷڊԼۨࢗথ५׍

ቕϡ䩟GenPatئ䦚ڷڊࡣ۵ࡈ޸ НйԜ৭ۨࢗ 16.0% ϡڷڊ䩟ۨࢗڷڊ࢙خњԁ۵ࡣ

ԟҪϣঊ䦚ڷڊ

䩟ЋϦцԝ֔ױ GenPat ϡ݌ҝ䩟ӆҹԁ Sydit ҂цԝӥࡑ䦚ԷЅ䩟цӊ Sydit ّ

ࣝओϼϡӥࡑ䩟ӆҹבׯಈѓԷڹҹЅϡӥֲࡑҝ䦚цӊԷјϡ࣮۵䩟ۥӊ Sydit ϴ

ࡄ৉тٷڈӊઑվ࣊༌ۥϼّࣝࡑдӥחϡН൜ፈ࣮۵䩟Ϩݱӓњϥԟڷڊϡ޼׆ؒ

ਡ஬ࣔ׶ঊϤЌԜ׶ӥࡑ䦚ӹױ䩟зњӆҹϨѧϬ࣮۵ϼՖҲцԝӥࡑ䦚ӥֲࡑҝҒ

ԣ5.11ӛܾ䦚ئቕϡ䩟ۥӊϨ Sydit ϡ֍ڹ״ҹЅ֡РϪ֞ഠۨࢗݓҏњϡڷڊϥਦԁ

Ѕӎ҈Ϫ֞ࡑцԝ䩟ӆҹϨӥכϥਦԜ৭䦚ЋϦԍ޼׆ڷڊॶҳ٣ϱ်ӡܬڷڊࡣ۵

ഠݓ GenPat Ϩ Sydit ّࣝओϼϡӥֲࡑҝ䦚цӊ C3 ّࣝओϼϡӥࡑ䩟ۥӊӥࡑւّ

ԣܾϨ࠶ҝϥਦԜ৭䦚ԣ۴Ѕϡзњϣֲۨࢗڷڊҳ٣်आ֚ܬЄ䩟ӆҹ࣊Ѽٍѓࢹ

ࡢ֞ Sydit НйԜ৭ࡈ޸ϡڷڊۨࢗЅ䩟GenPat НйӥѴ֚ܬҳۨࢗ٣ϡّ֝䦚
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ԣ 5.10 GenPat Ϩԟّࣝݱओϼϡ֡ѓԛֲ࢙ࡑҝ

㗷⳯⭅ 㦞ㅅッ⒮ 㦐㙾㩌⡢⛶㗷 㸡㐵㗄㈨㗷 㲗➈☬⭱㩌⡢㗷

Sydit - 56 49 (87.5%) 27 (48.2%)

C3

junit 3,904 1,088 (27.9%) 412 (10.6%)
cobertura 2,570 769 (29.9%) 305 (11.9%)
jgapht 2,490 547 (22.0%) 226 ( 9.1%)
checkstyle 13,263 5,918 (44.6%) 1,679 (12.7%)
ant 25,063 10,428 (41.6%) 4,398 (17.5%)
fitlibrary 3,199 922 (28.8%) 374 (11.7%)
drjava 31,393 11,391 (36.3%) 4,151 (13.2%)
eclipsejdt 73,109 32,037 (43.8%) 14,150 (19.4%)
eclipseswt 63,446 22,218 (35.0%) 9,206 (14.5%)

⧩⭜ 218,493 85,367 (39.1%) 34,928 (16.0%)

ԣ 5.11 GenPat ф Sydit цԝӥֲࡑҝ

㗷⳯⭅ 㦞ㅅッ⒮
㩌⡢ 㸡㐵㗄㈨㗷 㲗➈/㲗㯏☬⭱㩌⡢㗷 Sydit㸡㐵㗄㈨㺲
⛶㗷 GenPat Sydit GenPat Sydit GenPat㲗➈☬⭱㩌⡢㗷

Sydit - 56 49(87.5%) 46(82.1%) -/40(71.4%) -/39(69.6%) -

C3

jgrapht 1,314 354(26.9%) 20(1.5%) 211(16.1%) 6(0.5%) 7
junit 1,208 383(31.7%) 240(19.9%) 206(17.1%) 57(4.7%) 110
cobertura 1,021 293(28.7%) 235(23.0%) 113(11.1%) 1(0.1%) 0
۫׈ 3,543 1,030(29.1%) 495(14.0%) 530(15.0%) 64(1.8%) 117
⧩⭜ 3,599 1,079(30.0%) 541(15.0%) 570(15.8%) 103(2.9%) -

ԣ۴Ѕ䩟“-’’ ԣܾઑّࣝ׹䦚

֡Рцԝӥֲࡑҝ䩟Ϩ Sydit ّࣝओϼ䩟GenPat ϡӥ݌ࡑҝф Sydit Ӫলϣঊ䦚

Ѽґ䩟цӊԷјϡӥ۵࣮ࡑ䩟ѪڹϥԜ৭ࡈ޸ϡّ֝ۨࢗХϥ֚ܬҳۨࢗ٣ϡّ֝䩟

GenPat ϡֲҝҴࣸހӊ Sydit䦚ւՄϼ䩟GenPat Ԛԝӊ Sydit䩟НйԜ৭ࡈ޸ 2 හϡ

ۨࢗڷڊ (1079/541)䩟ӥѴ 5.5 හ (570/103) ҳ٣֚ܬഒۘߎ䦚Ӿۨࢗڷڊҳ٣ϡ֚ܬ

ϡۨࢗЗ䩟GenPat((1079-570)/1079=47.2%) ϡ݌ҝ࣊Ѽԝ Sydit((541-103)/541=81.0%)
Ϯ䦚֔ױ䩟ٍسϨ Sydit НйӥѴԜ৭ࡈ޸ϡّࣝۨࢗڷڊϼ䩟GenPat ࣊ѼҴࣸހӊ

Sydit(117 vs 64)䦚ङױҏ֔䩟ӾцԝҖ҇Ҥ֚Ϩ؀Ϭ࣮۵ϼϡӥֲࡑҝЗ䩟GenPat Ԛ

ԝӊ Sydit ϩѸϮϡֲҝ䦚ւϡϱЛ䩟GenPat ϡӥֲࡑҝҴࣸހӊ Sydit䦚

ӥকϼ䩟֡Р֚ܬҳ٣်आۨࢗҏњϡڷڊϥਦԜ৭׍Ϥϥؘ৭ϡ်ӡҤ֚䦚ӹ

ЋϨ֚ܬϤҳ٣ϡєୂЎ䩟ۨࢗҏњϡ࣊ڷڊѼϩНЌϥԜ৭ϡ䩟ԝҒۨࢗϦ঵חԸ

֝ϡܞӜ䦚ЋϦд໯֚ܬϤҳ٣ϡۨࢗڷڊЅϩЄվϥԜ৭ϡۨࢗ 䩟ӆҹ(ॶҳ٣ܬ)

Ֆϣ܌ಈ҈Ϧחд֚ۘܬҳڷڊۨࢗ٣ՖҲϪ֞д໯䦚ӆҹԪ C3 ّࣝओϡҟϬ࣮۵

ЅڦҜשԼ 20 Ϭ҈ӆ䩟зשټԼϦ 60 Ϭ GenPat ϡֲҝф 54 Ϭ Sydit ϡֲҝ (࣮۵

jgrapht Ѕђϩ 14 Ϭ҈ӆ)䦚д໯ҏњтѴ䩟GenPat ϡֲҝЅ 11.7% ϡۨࢗϥ֚ܬҳ٣

ϡ䩟ґцӊ Sydit䩟؎ԝຎઁϺϦ 9.3%䦚д໯ֲҝԣҴ䩟GenPat НйӥѴѸҙԝຎϡ

䦚ۨࢗڷڊҳ٣֚ܬ
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ԪӥֲࡑҝНйЃо䩟ॎѼ GenPat ӊހҝҴࣸ݌ Sydit䩟ԔԷ࣊ѼϤЌцЪЄڊ

ۨࢗՖҲԜ৭ڷ ୳ૢ܌䩟ЋϦՖϣױ䦚ӹ(ॶҳ٣ܬڈ֚ܬ) GenPat ϤЌԜ৭ۨࢗϡ֍

ӹ䩟ӆҹڦҜשԼϦ 100 ϬӮணϡ҈ۨࢗڷڊӆՖҲϪ֞д໯䦚Է֍ӹҰϴد၉йЎ

ϬҤӌ䩭(1)ף ϣϬҰϴϡ֍ӹϥӥࡑϡّࣝओЅࡖϨЪϽϡ᦯ٸ䦚Ғӓӛ਎䩟C3 ّࣝ

ओ֡РІ҃٩ϡుण֚ڲЏϺ䩟ӹױԡݪϿ৉ՊϣԈϤԜ৭ϡۨࢗڷڊ䦚ԝҒϨܾຎ

ϥϴԗfRunnersۨЋrunners䦚ӛй䩟׊ڷڊࡣЋfRunners䩟Ԕϥ۵ۨࢗЅԗԸ֝runnersڷڊ

ܾ࣠ࣝຎڷڊϤНЌԜ৭ڷڊࡣ۵޼׆䦚҈ӆЅϩ 64% ϡّࣝ٧ӊϸϬ֍ӹ䦚(2) ۵ӓ

ϡ GenPat ӥѴ࣑ϤفݒϣԈणࡿϡۨࢗڷڊ䩟ԝҒۨࢗ៲ّϡ৕ӜٷڈӎЗۨࢗҖ

Ϭ៲ّҳ䦚҈ӆЅ 27% ϡّࣝ٧ӊ؎֍ӹ䦚(3) GenPat ۵ӓفݒϡۨࢗڷڊ୙ӑϤЌ

ѓӊᆡ਎ֳۨࢗ׈䦚ԝҒϣԈܾຎࡄਡؑϴϨڷڊϡԚц֧ঞЅ๭ՊϣԈڷڊ䩟ґ۵

ӓ GenPat ϡۨࢗ୙ӑђفݒϨࠀц֧ঞ๭Պ䩟ϤЌࡌࡻԚц֧ঞ䦚҈ӆЅϩ 3% ϡّ

ࣝ٧ӊ؎֍ӹ䦚(4) зњ䩟GenPat ЬϩԜ৭٤Լۨࢗথ५䦚ԝҒ٤ԼϡѿЄϡϼЎҹ

Ҟ֥ࣔঊϤЌԁ۵ڷڊࡣԜ৭ጃࡈ䦚6% ϡ҈ӆّࣝۥӊ؎֍ӹࣔঊӮண䦚ؑϴڀҺϡ

ϥ䩟ӓҖϬ֍ӹ׍Ϥϥӆאӛ٤оҤ֚ϡઑထ䩟Нй֡РѸϮϡҤ֚ӥѴц׏ϡۋЌ䦚

ґзњҖѢЋՖϣۨ܌Ֆ GenPat 䦚זоϦЈϡ୳ૢҤ܋

㨏ⰵᱶ࣠ࣝӥֲࡑҝ䩟GenPat Нйϩ݌сԪ؀Ϭ҈ۨࢗڷڊຎЅ٤Լۨࢗڷڊϡ

থ५䩟؎৔भ׍Ϥ঵ࡳӊࡄਡઑထϡІ҃ߒࢗ䩟ϨԷјणঐϡ׏ѓԿ࢓Ѕࡢϩמࢹϡ

֡ѓԛ䦚Ԕϥ䩟࣠ࣝӥֲࡑҝНйтѴ䩟۵ӓϡ GenPat Ҥ֚࣊ѼϩЪЄۨՖϡ׺ҽߚ

ЏՖϣ܌୳ૢ䩟ӆҹԗԷӑЋ۔ϱ୳ૢ֞ӑ䦚

5.8 㦐⤴⤀㾗㬕㺆

֡Рӆאϡӥ࢙ࡑࡑ䩟ӆҹӛ٤оϡӌࠏۘז໪ઑထϡІ҃ߒࢗҤ֚ IBFix Нй

ϩࡄߒࢗ݌ਡЅϡۘࠏ໪ઑထ䦚ئԆϡ䩟ӆҹӛ٤оϡҖ҇ਤ౨Тю৔भࡢϩૠਤԛ䩟

Нйϩࠏۘעࡽ݌໪ઑထߒࢗцϽ֝Գۨࢗߒϡ࣊༌䦚ӆڹॗڝӆҹ୳ૢ֞ӑϡњ۟

ԚԮ୳ૢцӆҹ֞ӑϡԚԮ࢙ࡑ䦚

ࡢ֞ߒࢗӆҹӛ٤оϡІ҃܉ߊ SimFix 1 ӔҮт޿ϦҖёЄ (т޿ӊ 2018 ё)䩟
2020 ёмক෇ለϿ৷ ICSE ϼϡзЈ୳ૢ[60] ֡Рцԝ 16 ҇зЈϡઑထІ҃֞ߒࢗ

ԣҴ䩟SimFixࡢ Ϥ঎ӥѴϦԜ৭ߒࢗϡઑထّ֝зЄ (25 Ϭ 2 )䩟׍ॸԷߒࢗ߹ݼϡઑ

ထ (Էј֞ࡢЁϤЌԜ৭ߒࢗ) ّ֝ЇϥзЄ (11 Ϭ)䦚ӎЗ䩟ӥֲࡑҝԣҴ䩟SimFix Ϥ

ϿТюحڗѪҺॶϡ (nonsensical) 3 ТݘЁϿࡢ֞ߒࢗдϡחϽࠀਤ౨䩟ґԷؚߒࢗ

ѪҺॶϡߒࢗਤ౨䩟ԷЅد၉ऴӊϪ֞থ५ϡІ҃ߒࢗ৔भ kPAR[58]䦚֔ױ䩟۵ӓҰ

1 https://github.com/xgdsmileboy/SimFix
2 ҹԗӆҹЅϡڹ؎ 5 ϬЩЗϡߒࢗЗҽۨࢗءࡳЋзЄ 10,000 ҋߒࢗ൪Ն䩟ӹֲױҝϩई஬䦚
3 ਤ౨ЋߒࢗਡϤЌ֡Р൜ፈϡࡄҹЅӡॶٍڹ؎ nonsensical ਤ౨䦚
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ԵϡઑထߒࢗҤ֚֡РϪ࢙֞ࡑԃשਤ౨ԁԜ৭ਤ౨ϡܬॶҳ٣ԛϱ်आਤ౨ϡԜ৭

ԛ䦚2019 ёϡзЈ୳ૢԣҴ[98]䩟Ӿ঎ߎഒԃߒࢗשਤ౨ԁԜ৭ਤ౨ԟҪϣঊ ҹЅڹ)

ϡ SLSM णԆ) З䩟SimFix ԚцӊԝࢹϡԷؚ 9 ϬзЈࡢ֞ߒࢗ䩟࣊ѼӥѴϦзЄϡ

Ԝ৭ّ֝ߒࢗ䦚

ϼ਎зЈ୳ૢЅ䩟ӑٷ୐֡РԳЈؽҲӆҹ֞ӑϡ֞ࡢԅЏзЈϡӥֲࡑҝ䩟Ϥ

࣊༌ӆҹӑٷэࣁϡӥࡑ䦚ԪзЈϡ୳ૢНйтѴ䩟ӆҹЅ٤оϡІ҃ߒࢗ৔भԚԝ

ӊӔϩϡ৔भ (၉зЈ֞ӑد) ϡ࢙מԛ٤పϦѸ݌䩟ЋӆҹҤ֚ϡϩۤހϽϡࢹϩࡢ

Ҵ䦚
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ҷאࡏ ֳࣁߵڹֲ

☾⽅㷦 ⰵ⿥⭆㷝㠯

6.1 〉㢶⤀㾗㽼ⰵ

઱խઑထϨ઱խϡэтфࣇۅРࡄЅԡݪҩ৉Պ䩟ґࡄߒࢗਡЅϡઑထϤ঎юЋ

Ϧэтٷϡϣ࣮໪Գࠖڗ䩟ӎЗЇѯԍޅйߵѓݐհϱϦैϽϡҮ௸ഡ׹䦚ӹױІ҃

٩ϡઑထߒࢗϥϣ࣮ϩֳܨ฽ث൬۠зݸثټϼ਎՜֣ϡϣ࣮Գϴ୳ૢ䦚

՜֣䩟ߒࢗ໪ઑထϡІ҃ࠏЅϡԮඡ՜֣䩭ۘߒࢗ䩟ઑထࣁЄёϡт֐ҮРϦ܉ߊ

࣊Ѽઑྩϩ݌ϡݸثҤଈ䦚ӆڹҹࣻᄴۘࠏ໪ઑထߒࢗ䩟ఱцԷӌைϡ҇णЄ䦙Գࢗߒ

䩟٤оϦ⺉㱫■⿵☨㊷➑㩂⶛⟞➧㊷➑㐯ږϡԳϴखܠথ५ԡйѺߒࢗӆվࣔঊ҈ߒ

㦍☨㩌⡒ㅗ㝘䩟٤ױࣝ࣊׍оϦϣϬӌࠏۘז໪ઑထϡߒࢗҤ֚ IBFix䦚ࡢՄϱ܇䩟ӆ

ҹ۰֡܏Рӥ࢙୳ૢд໯ϦэтٷϪ֞ߒࢗઑထϡРࡄ䩟׍ԪЅѺܠఱцۘࠏ໪ઑထ

ϡߒࢗҤ֚䩟ЋІ҃٩Ҥ֚٤పϩ݌ϡࣔ܋䦚ऴӊױ䩟ӆҹ٤оϡઑထߒࢗҤ֚ۥѧ

ϬҰϴחдॵю䩭(1) ऴӊ૮ݮਢдϡઑထӡ֧৔भѓϱڢ٤ӡ֧ϡކ৭ଛйࠏۘ߿ٶ

໪ઑထߒࢗцӡ֧٤оϡѸҙϴؒ䩟(2) ऴӊ؀Ϭ҈ຎϡਤ౨Тю৔भф (2) ऴӊԚঐ

ԛࢅڍЅϡਤ౨Тюԡ֣䦚зњ䩟֡Рߒࢗ໪ઑထࠏۘעࡽϡਤ౨Тю৔भѓϱڷڊ

ϡцԝӥࡑд໯ԣҴ䩟ӆҹӛ٤оϡІ҃ߒࢗ৔भЌޢϩ݌сࡄߒࢗਡЅϡۘࠏ໪ઑ

ထ䩟עࡽϦцϽ֝Գࣄߒ੗ۨࢗϡ࣊༌䩟඄ՖϦࡄਡઑထІ҃ߒࢗ৔भϡӥѓ٩Ֆࡄ䦚

໪ϡઑထ䩟ӎ҈ࠏۘߒࢗ৔भϤ঎঎НйѓϱߒࢗҺϡϥ䩟ӆҹӛ٤оϡઑထڀЏߚ

৔भϤ঎ߒࢗ䦚࣠ࣝзЈϡ୳ૢԣҴ䩟ӆҹӛ٤оϡઑထࡿ໪ϡઑထणࠏߒࢗѓӊ޸

ۤހϽϡ׶ϩۘࡢӊӔϩ୳ૢ䩟ӎЗԚԝӊњ۟ϡзЈ୳ૢЇހ (Ԝ৭ّ࣊֝ߒࢗѼз

Є)䦚

6.2 㢦⹂⤀㾗㷝㠯

(1)〉㢶➝➈☨⨍㩦㱭⪇ ࣠ࣝԜҹϡೀཾ䩟ӆҹӛ٤оϡҤ֚Ϩϣӡࡄ֏ϼݸثϦࢗ

ҝϩ݌৭ଛҤӌ࣊Ѽކфّ֝ߒࢗҤ֚Ϩߒࢗ䩟Ԕϥ۵ӓϡઑထږ໪ઑထϡखࠏۘߒ

ҽ䦚׺ϩЪϽϡࡢҤ֚࣊ѼߒࢗІ҃٩ઑထڢ٤܌䩟Ֆϣࡳ

৭ކϦӡ֧ϡڢ٤܌Ҥ֚䦚ॎѼӆҹ٤оϡҤ֚Ֆϣߒࢗ䩟цӊІ҃٩ઑထ܏۰

ଛ䩟ԔԪֲҝНйЃођϩϽม 50% ਅૼϡઑထНйӥѴԜ৭ӡ֧ (ԃ࠶שԣЅϡҷ

ϣϬ)䦚ӹױ䩟Ғ٤حҙઑထӡ֧ϡކ৭ଛԗ࣊ѼϥйњІ҃٩઱խ݆Ն৔भЅϡϣϬ

Գϴ୳ૢҤז䦚ԪϪ֞ߒࢗϡӥ࢙୳ૢЇНйЃо䩟Ϫ݆֞ՆЅϡϣԈӡ֧Ҥ֚ϨІ

҃٩ϡӡ֧Ҥ֚ЅЬϩЏϺࣘдс۱ѓ䦚֔ױ䩟ԳϴϡϥϪ݆֞ՆϡРࡄЅ֡׶Ͽֲ
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ׁϤӎϡ೫ଯӥѴ࢕ӎӡ֧Рࡄ䦚ӆҹЅӛ٤оϡӡ֧ओюҤ֚ϨױҤזϼӔҮՖҲ

Ϧ२෬䩟ѸٹՊϡ୳ૢؑϴ۔ϱѸЄϡ෬౱䦚

Էҋ䩟цӊઑထߒࢗЅϡਤ౨Тю䦚ӆҹ٤оϡ৔भцӊࠏۘݸث໪ઑထࡢϩѸ

Ϯϡ֡ѓԛ䩟ԔԪцԝӥࡑЅНйтѴ䩟۵ӓӔϩϡϣԈ֡РϪ֞ӡॶߒࢗথ५ϡҤ

ܴцӊ׶ߒࢗԋϡࠏ໪ઑထणࡢࡿϩѸϮϡ݌ҝ䦚֡РֲׁϤӎϡҤ֚йт༯ٿІϡ

ӗ؝ϥڢ٤ઑထݱߒࢗՄӥѓԛϡϣϬԳϴಬዓ䦚ӥকϼ䩟ӆҹЅӛ٤оϡҖ҇ߒࢗ

ਤ౨ТюҤ֚ॎѼ࢙ࡑϦԷϩ݌ԛ䩟Ԕ࣊ѼНйՖϣ٩ހ܌䦚ϣҤӌ䩟цӊԪࣄ੗Ѕ٤

Լۨࢗߒࢗথ५ґߞ䩟ӆҹϡҤ֚঎঎ఱц؀Ϭ៲ֵّחϡۨࢗڷڊ䩟ϤЌ؝ԑቄ៲

ّઑထߒࢗ䦚ϨӥࡑЅтѴ䩟ࡖϨЪЄઑထؑϴӎЗۨࢗЄϬ៲ّӥѴԜ৭ߒࢗ䦚ࡔ

ϣҤӌ䩟цӊऴӊԚঐڷڊϡਤ౨ТюҤ֚䩟Ѵϩϡڷڊഎ౱౒ࣻ঵ࡳϨӾӓϡоӮ

࣮۵Ѕ䦚ڦаэ੅࣮۵ϡҶӸ䩟ѸЄϡ੅ڷڊНйѓϱᔅߒࢗࡾϡРࡄ䩟ԔԷЅϴث

ҏ֔䩟ӆҹзњ֡РϣϬױ৭എ౱՜֣䦚ङކϡڷڊϡԡѢϥӥѴఱц֋֝ቄ࣮۵ݸ

ઑထߒࢗ৔भԗӆҹӛ٤оϡҤ֚ՖҲओю䩟Է࣊ࣝӎ҈ϥऴӊϪ֞ߒࢗЅϡЄ೫ଯ

ॵׁ䩟цԷѸӸٹՊϡ෬౱ϩڢ٤ֳܨԜ৭ߒࢗઑထϡّ֝фਤ౨ϡԜ৭ଛ䦚

(2)㨰☨⫒㲞㲓㝪㷡 Ѩӥϼ䩟Ԫӆҹϡ୳ૢНйтѴ䩟֡РЩ҈ӆّࣝѺ֡ܠѓϡڊ

؎Ҥ֚䦚ܠԈҤӌսРҰԵϡऴӊϽّ֝ࣝϡথܴѺࡆϥНҲϡ䩟൬۠НйϨۨࢗڷ

тѴЋϢЙ٤పϦݸث઱խ֞ࡄ՜֣ϡϣϬЈڽբфЈϡҤז䩭ऴӊЩ҈ӆѺܠϡ઱

խߒѓ䦚੃ӛرҌ䩟઱խэтРࡄЅϡЪЄࡢࠖڗϩԳߒԛ䩟ԝҒӆҹ୳ૢϡڷڊઑထ

ّߒЅϡԳࡄѓэтРߒ䩟ѸϮсױТюҳ䦚ӹڷڊ൬۠ۨࢗڷڊԛࢅڍߵ䩟йߒࢗ

ࣝйڢ٤઱խϡІ҃٩һכϩैϽϡၘҨ䩟ӎЗࡢϩԳϽϡ୳ૢҺॶфӥѓߚ٣䦚Ԕ

ّߒϡԳࠖڗдחϨϣӡϡई஬䩟ࣔঊϽࡖҏҽϿࠖڗ૜ԛ䩟Ϥӎߒᔓপϡڷڊӊۥ

ܠ䦚Ѽґ䩟ऴӊЩ҈ӆѺږѓϡϣϬԮඡखߒ䩟ϥ۵ӓӥѴϽ੻থ઱խ޴ϤН׍֝ࣝ

ϡ઱խߒѓ৔भЋ؎Р٤ࡄపϦЈϡڽݸثբ䩟ϩЪϽϡၘҨԐ҃઱խߒѓ৔भϡϽ

੻থӥѓ٩Ֆࡄ䦚ӆҹӛ٤оϡऴӊЩ҈ӆࣄ੗ّࣝۨࢗϡਤ౨ТюҤ֚Ϩ؎ҤזӔ

ҮՖҲϦ२෬䩟׍ԼЏϦ२܌ϡю݌䦚Ѽґ䩟цӊѸӸߒ૜ϡ઱խ֞ࠖڗࡄ䩟୳ૢф

этऴӊЩ҈ӆϡҙߒ݌ѓ৔भ࣊ѼؑϴѸЄϡٹՊ෬౱䦚
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