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Metric Name  Description (applies to method level)

un

fanIN Number of methods that reference a given method
fanOUT Number of methods referenced by a given method
localVar Number of local variables in the body of a method
parameters Number of parameters in the declaration
C,DmeHL,TO Ratio of comments to source code (line based)
CodeRatio

countPath Number of possible paths in the body of a method
complexity McCabe Cyclomatic complexity of a method
execStmt Number of executable source code statements
maxNesting Maximum nested depth of all control structures

5NELRERA R, SREAREEGR, BERERARSE

9 FHKH: Giger, D’Ambros, Pinzger, Gall. Method Level Bug Prediction. ESEM’12
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Metric Name

Description (applies to method level)

methodHistories

authors
stmtAdded
maxStmtAdded
avgStmtAdded

stmtDeleted

maxStmtDeleted

avgstmtDeleted

churn

maxChurn

avgChurn
decl

cond
elseAdded

elseDeleted

Number of times a method was changed
Number of distinct authors that changed a
method

Sum of all source code statements added to a
method body over all method histories
Maximum number of source code statements
added to a method body for all method histories
Average number of source code statements added
to a method body per method history

Sum of all source code statements deleted from
a method body over all method histories
Maximum number of source code statements

deleted from a method body for all method his-
tories

Average number of source code statements
deleted from a method body per method history
Sum of stmtAdded — stmtDeleted over all
method histories

Maximum churn for all method histories
Average churn per method history

Number of method declaration changes over all
method histories

Number of condition expression changes in a
method body over all revisions

Number of added else-parts in a method body
over all revisions

Number of deleted else-parts from a method
body over all revisions

FMKH: Giger, D’Ambros, Pinzger, Gall. Method Level Bug Prediction. ESEM’12
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e Automatically Learning Semantic Features for
Defect Prediction. Song Wang, Taiyue Liu and Lin
Tan. In the International Conference on Software
Engineering. Acceptance Rate: 19% (101/530)

e PROMISEXHE £ 25

« THH W F164.1, HE94.2
« I H |6]°F1%56.8, BH=97.9
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Compiler Testing
--- guaranteeing compiler quality

- Expected Output \ Actual Output
: Test Case : /

Compare

Test Oracle revea/led faultskrevealed
faults

Software Testing Process
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Hakjoo Oh, Hongseok Yang, Kwangkeun Yi: Learning a
strategy for adapting a program analysis via bayesian
optimisation. OOPSLA 2015: 572-588
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1. a=100; IMBURAT 5 70 T AERBURAT 5 o A
2. if(a>0) a, = Ik a=amllEN-a
3. a=-a; b, = b, b=bna+ IE
4. b=a+1; a, = aq

b, = b,

asz = a,

by = b,
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1. a=100;
2. if(a>0)
3. a=-a;
4. b=a+1;
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TUBURAT = 0 b

a, = 1&
b1 = by
d; = aq
b, = by
as = —d,
bs = b,

TAREURAT = bt

a=anm1FN-a
b=bna+ 1E

a;
a = aq
a3 = _Iaz
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# Features

1 local variable

2 global variable

3 structure field

4 location created by dynamic memory allocation

5 defined at one program point

6 location potentially generated in library code

7 assigned a constant expression (e.g., x = ¢l + ¢2)
8 compared with a constant expression (e.g., x < ¢)
9 compared with an other variable (e.g., x < y)

10 | negated in a conditional expression (e.g., if (!x))
11 | directly used in malloc (e.g., malloc(x))

12 | indirectly used in malloc (e.g., y = x; malloc(y))
13 | directly used in realloc (e.g., realloc(x))

14 | indirectly used in realloc (e.g., y = x; realloc(y))
15 | directly returned from malloc (e.g., x = malloc(e))
16 | indirectly returned from malloc

25

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

directly returned from realloc (e.g., x = realloc(e))
indirectly returned from realloc

incremented by one (e.g., x=x+1)

incremented by a constant expr. (e.g.. x = x + (142))
incremented by a variable (e.g., x =x+y)
decremented by one (e.g..x=x-1)

decremented by a constant expr (e.g., x =x - (1+2))
decremented by a variable (e.g.,. x=x-y)
multiplied by a constant (e.g., x =x * 2)

multiplied by a variable (e.g.. x=x* y)
incremented pointer (e.g., p++)

used as an array index (e.g., a[x])

used 1n an array expr. (e.g., x[e])

returned from an unknown library function
modified inside a recursive function

modified inside a local loop

read inside a local loop
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Training Testing
FI Fs partial FS FI Fs partial F§S
Trial prove prove prove quality prove | sec prove sec cost prove | sec | quality | cost

1 6,383 1316 7,089 75.7 % 2,788 48 4.009 627 | 13.2x 3,692 78 | 7T40% | 1.6x
2 5,788 7422 7,219 87.6 % 3,383 55 3,903 531 9.6 x 3,721 93 | 650% | 1.7x
3 6,148 7,842 7,595 854 % 3,023 49 3483 | 1,898 | 38.6x 3,303 99 | 609% | 2.0x
4 6,138 7,895 7,599 83.2 % 3.033 38 3.430 237 6.2x 3,286 51 | 63.7% | 1.3x
5 7,343 9,150 8,868 84.4 % 1,828 28 2,175 577 | 205x 2,103 54 793% | 19x
TOTAL | 31,800 | 39,625 | 38,370 | 84.0 % 14,055 | 218 | 17,000 | 3,868 | 17.8x | 16,105 | 374 | 69.6 % | 1.7x

Table 4. Effectiveness of our method for flow-sensitivity. prove: the number of proved queries in each analysis (FI: flow-
insensitivity, FS: flow-sensitivity, partial FS: partial low-sensitivity). quality: the ratio of proved queries among the queries
that require flow-sensitivity. cost: cost increase compared to the FI analysis.
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Probabilistic CFG

C A SRR

e A->BC 0.8
->C 0.2
e B->X“"B 0.5
-> X 0.5
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PHOG

* PHOG=Probabilistic Higher Order Grammar
« PCFGAR 4 T I T WU R A FL A 4 A4 7
o JTh BT FE B PR EN B 2 RFE,  FRONContext

° *H?%Vl%j:
 PHOG: Probabilistic Model for Code. Pavol Bielik, Veselin
Raychev, Martin Vechev. ACM ICML 2016

e Learning Programs from Noisy Data. Veselin Raychev, Pavol
Bielik, Martin Vechev, Andreas Krause. ACM POPL 2016

* Code Completion with Statistical Language Models. Veselin
Raychev, Martin Vechev, Eran Yahav. ACM PLDI 2014

30



Vb

PHOG /M. javascript J7 1%

awaitReset = function() { [ l— EeturnStatement 1. Find interesting CO?’ItC[L't .
return defer.promise; J J L MemberExpression 2. Use PHOG rules:
} Identifier:defer o CI[CO?H%C.’Et] —r ﬁ
R P
L Property:promise o Property[promise] — promise 0.67
L . Property[promise] — notify 0.12
awaitRemoved = function() { - CallExpression Property[promise] — resolve 0.11
= . MemberExpression Property[promise] —+ reject 0.03
fa}l{functlon(error) { Tdentifier:defer
if (error.status === 401) { (d) PHOG
ca Property:reject
¥ s
defer.reject (error); P Identifier:error PCFG rules: o« — ,8
i - 17 ®— ReturnStatement P
return defer.| promise 0.67 MemberExpression Property — x 0.0085
} notify 0.12 . Property — y 0.003
Identifier:defer o | F .
resolve 0.11 - Prediction } property ot ly 0. 002
.9 :
reject 0.03 Property:? position o] Property — promise 0.001

(a) Input JavaScript program (b) Abstract syntax tree (AST) (¢) PCFG

SR — X R B E— IR #AEAE JyContext
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Stream s = new FileStream(“c:\book.txt”); sHcontext:
Reader r = new TextReader(s); <new FileStream, ret>

r.read(); » <new TextReader, 1>
2()-
s-2(); ri¥Jcontext:

r.?();
<new TextReader, ret>

<read, 0>

B EF AN BYS5: ret=0.method(l, 2, 3, ...)
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 #ContextIR BT FE 2 XA M BT 45 s R IFJAST
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Ops ::= € | Op Ops
Op ::= WriteOp | MoveOp
WriteOp ::= WriteValue | WritePos | WriteAction
MoveOp ::= Up | Left | DownFirst | DownLast | PrevDFS |

PrevLeaf | PrevNodeType | PrevActor

o« ZHIH)Z B AT LS AR

Left PrevActor WriteAction WritePos
PrevActor WriteAction WritePos

Left: AW eR 45 5 CBIANERT HARXTS)
PrevActor: HI —{K1%2A% & W {¥ H
WriteAction: 37 FH IS 3 FH 1) 77 12

WritePos: 1ZActorfEASTH 1 I B

34
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* *H?éi/t\;i:
* Nguyen, Anh Tuan, and Tien N. Nguyen. "Graph-based
statistical language model for code." ICSE 2015.

* Nguyen, Tung Thanh, Hoan Anh Nguyen, Nam H. Pham,
Jafar M. Al-Kofahi, and Tien N. Nguyen. "Graph-based
mining of multiple object usage patterns.” FSE 2009

35



APIf5

(U

b. File.new

:
2
3
4
5
6
7
8

9

10
11
12
13
14
15

File bookFile = new File("books.txt");
Scanner bookSc = new Scanner(bookFile);

File authorFile = new File("authors.txt”);
FileWriter authorFW= new FileWriter
(authorFile);
BookMetaData metaData =
getMetaData("bookMetaData.txt");
metaData.printData();

while ( ) {
bookSc.nextLine();

}

bookSc.close();

1 Groum

y
Scanner.new

36

File.new

Y

FileWriter.new

Main.getMetaData

Y

BookMetaData.new

Y

BookMetaData.printData

e

» Scanner.nextLine

Y

» Scanner.close

25 K AE AP
W FH B,
while
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a.

File bookFile = new File("books.txt”);
Scanner bookSc = new Scanner(bookFile);

:
2

3

4 File authorFile = new File("authors.txt”);

5 FileWriter authorFW= new FileWriter

6 (authorfFile);

7 BookMetaData metaData =

8 getMetaData("bookMetaData.txt”);
9 metaData.printData();

10

11 while ( ) {

12 bookSc.nextLine();
13}

14

15 bookSc.close();

38
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* BookMetaData.printData
* While
* Scanner.nextLine

* Scanner.close
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one node two nodes three nodes ..

b
—| Scanner.new |

Scanner.new

Scanner.new

while
BookMetaData. FileWriter.new Scanner.nextLine ‘
| I | printData
FileWriter.new : p
whilé while
\\
| Main.getMetaData | Scanner. |BookMetaData.new| E [ine |
Hextline canner.nextLine
l BookMetaData.new | Y

¢

while

Scanner.close

Scanner.close [BookMe‘raData.new |
) four nodes

| BookMetaData.printData |
—><— BookMetaData.
¥ printData

»f Scanner.nextLine
17 | Scanner.nextlLine |

—»I Scanner.close | : Y I +| Scanner.nextLine|
canner.close ;

:

Y

Scanner.close‘
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« P(h|G) = P(Gzl?gf(h)

* P(G|h) = P(g1lh)P(g;|h) ... P(gn|h)
° :ilzil
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40



12 % 2%

R AR

NS TH LA S > 18 A s
Lili Mou, Ge Li, Lu Zhang, Tao Wang, Zhi Jin.

"Convolutional neural networks over tree structures
for programming language processing." AAAI 2016.
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% softmax
Vector representation | . .
and coding Tree-based convolution ~ 3-waypeeling . Hidden layer ~ Output layer

1-way pooling
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Wconvl = th +niWh+nfw?
nt==—, Hhd NV EiRE
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* 771—(1— f)(l—ﬂi)

y = tanh (Z Weonv.i - @i + bconv)
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Xiaodong Gu, Hongyu Zhang, Dongmei Zhang,
Sunghun Kim, Deep API Learning, FSE 2016
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Parse XML file Document Builder Factory.newlInstance
/é / Document Builder Factory.newDocument Builder
/

l

Document Builder.parse
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* Coples bytes from a large (over 2GB) InputStream to an OutputStream
* This method uses the provided buffer, so there is no need to use a
* BuftferedIinputStream,

* @param input the InputStream to read from

public static long copylLarge(final InputStream input,
final OutputStream output, final byte[] buffer) throws IOException {
long count = @;
int n;
while (EOF != (n = input.read(buffer))) {
output.write(buffer, @, n);
count += n;

}

return count;

0

APl sequence: InputStream. read — OQutputStream. write
Annotation: copies bytes from a large inputstream to an outputstream.
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| | |
l Encoder RNN : : Decoder RNN :
| .

: : | FileReader BuffereReader BuffereReader BuffereReader <EOS> :

| I | .new .new .read .close |

| I | |

|

: Output : | Y2 [T Vs [ Ya [~ Vs :

| | | 3 : X : 3 ! 'y |

| | . I ] I |
S F oo ==4 - 1 | |

| N e — | | |

. | R N it P p T T

I Hidden | h, > h, » oh [ h, == h, == h, == h, I
1

: Y r Y : r | Y | 'y | X I
| 1 i

| | I | I |

| I I I l |

| Input X Xy X3 | il B ey, S IR i |

| | |

| | . |

| Read Text File I FileReader BuffereReader BuffereReader BuffereReader |

| | .new New .read .close |

- N - ]

o I FH AN FR R A 28 X 40K R ] B R Te) B (FRYE Word Embedding)
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#TBeam#W K HIAE
3
6 BufferedReader.new'é
FileReader.new 12
‘\\ 2 p
6 \\\ StringBuilder.new |§
File.exists P NN 1 6 ‘
__________________ ,
________ 7. . \ “: FileReader.close |
I 4 (. Hiemkdlr X 38
H A S e ey M 0 O (o1 i 1
File.new R 38 . “, String.equals |
| Al BufferedReader.read - TTTTTTTmTmmTm
5
8 DatalnputStream.newé
<START> FilelnputStream.newi€ . ________}41 _________
\ ¥ " FilelnputStream.read l

v N . YT R K
\ """"""""""""" 1 *FllelnputStream closel El/]fj’}qjil QI_ %ﬂ:
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