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Code:
float x
for(int

9,
X = X +

X el

}
printf("%.6f"

18 B RHATHIRZE ¢

» X)s

@; i < 10000; i++) { =)
a;

Raise precision

Code:
double x = 0,

for(int i = @; i < 10000; i++) {

X = X + d

}

a:

J

0.

printf("%.61", x);

1;

—)

Xorignal = 999.902893

Xnign = 1000.000000
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A code piece simplified from exp function in the
GNU C library:
1: double x = 3.7;

2: double n = 6755399441055744.0;
3: double v = (x + n) — n;

Answer from computer:y = 4
Raise precision to long double:

Answer from computer: vy = 3. 70“
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A code piece simplified from exp function in the
GNU C library:
1: double x 3.7;

2: double n = 6755399441055744.0;
3: double vy (x + n) — n;

The goal of this code is to round x to the nearest
integer.

nis a “magic number” specially designed for double
precision. (n = 1.5 X 2°?)
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A code piece simplified from exp function in the
GNU C library:
1: double x 3.7;

2: double n = 6755399441055744.0;
3: double vy (x + n) — n;

A precision-specific operation



Precision-Specific Semantics

double x = 3.7;
double n = 6755399441055744.0;
double v = (x + n) - n;

* Interpret as “rounding x to the nearest integer”

e Our Contribution

* A heuristic to detect precision-specific
operations.

* A fixing approach to enable precision tuning
under the presence of precision-specific
operations.
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IEEE 754 Floating-Point Representation

Sign Exponent  Significand
Single
Precision 1 8 23
Double 1 11 52
Precision
ENDOnent
il
1.2345 = 12345 x 10

significand base
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Fig. 1. erf at significand 0x34873b27b23c6
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Total
154

LSGA vs. RAND
LSGAVvs. STD
STD vs. RAND

KNEI R RIRE

RAND STD LSGA Tied
11 (7%) 24 (16%) 105 (68%) 14 (9%)

Sign Test 4%

N+ n- N p
127 12 139 < 4.14e-22
110 30 140 < 2.46e-11
93 40 133 < 6.52e-06



SR BT FINREFRR
M3

ERAEME N e
WEBEIEES > BBHAR > Do

A

PN

[ICSE16,ICSE17,TSE18]

Rk MK IR 517.16%-82.51%



252 TR

FIT R[]

\\\)q .



>

B hEEar

N, — N EFNHETEHMEAER, F

ZYZR
B —DRNT, AT UfE

kil

A RFRHRL

P B 29 2R

PR ML P S & 2891

R R——

BRI E ARy



R EE AR

EHNS o

A= EEE'TTL

EEZEEX AT TR (i

HNTIRER




R AVER & & K GenProg

T = RS

- EiE Belgljlﬁaﬁﬁ/\ % [5]
MmBEFEEIE T A A3
. H"anun}j%?ﬁ%)ﬁlﬁlﬁﬁ T PTRETEETT
'E'E'i'lnlj

© BIBRERIES 1B I 25 A o BE

HNTIRER

BIEHEE



KB

RaE=E

(CMU), ESEC/FSE, 2015

“(First) open challenge.”

-- Claire Le Goues

T

YA
\_”__u.“__ _ L
T%ﬁ
RTAPAN] 11
KK

Jhaix
H %E

“Key discussion topic”

-- Dagstuhl Report 17022 “Automated Program Repair”
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Typical Repair Space

Patches failing the spec

O Wrong patches
meeting the spec

@® cCorrect patches

Enlarge the space

» More likely to contain correct patches (Recall T7)

e More difficult to locate the correct patches
(Precision {{Recall )

Shrink the space

e Less likely to contain correct patches (Recall l!)

e Easier to locate the correct patches (Precision T
TRecall T)




|deal Repair Space

@ Patches failing the spec

O Wrong patches
meeting the spec

® cCorrect patches

e Containing the correct patches
e Containing no wrong patches, especially those meeting the specification



SimFix

e Characterizing the space from two sources

Ny - s

Frequent abstract changes

e EEER

Concrete changes that reduces differences




SIMFIX

e Characterizing the space from two sources

Existing S
Patches 1

NARY
Similar s,

Code



SimFix Evaluation

* Recall: Fix 34 defects on Defects4), including 13
uniquely repaired bugs, highest among all methods

* Precision: 60.7%

SimFix
13

Chart(C)-3,7

Lang(L)-16,27,39,41,50,60
Math(M)-63,71,98
Closure(Cl)-57
Time(T)-7

HDRepair

Bugs fixed by SimFix and related approaches
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Estimating Patch Probability

* Existing work: designing heuristic rules
 passed tests/syntactic rules/semantic rules
e Limited effectiveness

* Existing work: applying machine learning
e Cannot applied to too large spaces

* Solution 1: apply to abstract space
* Too coarse-grained

e Solution 2: using simple models with few features
* Low accuracy



|[dea: Divide and Conquer

 Structurally decompose the search space

Original Space:
10000 elements

First component:
50 choice

Second component:
50 choice

Third component:
40 choice



Learning to Synthesize

* A framework combining four tools
* Rewriting Rules: defining a search problem

* Constraint Solving: pruning off invalid choices in each
step

* Machine Learning: estimating the probabilities of
choices in each step

* Search algorithms: solving the search problem



Application — Repairing incorrect
conditions

e Condition bugs are common

hours = convert(value);
+ if (hours > 12) Missing boundary checks
+ throw new ArithmeticException();

- if (hours >= 24)
+ if (hours > 24) Conditions too weak or too strong
withinOneDay=true;

* Existing work can pinpoint faulty conditions
* Generate a new condition to replace a faulty one



Evaluation Results

* Recall: Fix 28 defects on 224 bugs from Defects4),
including 8 uniquely repaired bugs
* 64.7% more fixed bugs than ACS, our previous work on
repairing conditional bugs

* Precision: 76%

Proj. Total ConCap ACS Nopol SimFix SKETCHFIX CapGen
Chart 26 33) 2 (0) 1(5) 4 (4) 6(2) 4 (0)
Math 106 19 (6) 12 (4) 1(20) 14 (12) 7 (1) 12 (4)
Lang 65 4 (0) 2(2) 34 9(3) 3(1) 5(0)
Time 27 2 (0) 1 (0) 0 (1) 1 (0) 0 (1) 0 (0)
Total 224 28 (9) 17(6) 5@30) 28(19) 16 (5) 21 (4)
Precision - 76% 74% 14% 60% 76% 84%

Recall - 13% 8% 2% 13% 7% 9%
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test:

p();
assert(...);

p():
1: a=x();
2:a=a/2;

3:y(a);

/7
N\

NI 2

p():

1: a=x();
2:a=a-2;
3:y(a);

p():
1: a=x();
2: a=a+2;

3:y(a);

W Binary; o2
W Binary, B4

p():

1: a=x();
2: a=a*2;
3:y(a);

W Binary; B2

R R#NT

IR I¥
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p(): p(): p():

1: a=x(); 1: a=x(); 1: a=x();
2: a=a-2; 2: a=a+2; 2:a=a*2;
3: y(a); 3: y(a); 3:y(a);
x(): x(): x():

y(): y(): y():

e —1F, BEEWEET
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1: a=x();
2:a=a-2;
3:y(a);

1: a=x();
2:3a=a+2;
3:y(a);

1: a=x();
2: a=a*2;
3:y(a);

a==2 a==0
a=x(); @ a=a+2 N y(a)
a:=2 a==4




T4E: AccMut

m1 a=3-2 m1 m1
1 2 3 Process 2
m1,m2,m3 m2,m3 a=a+2 m2,m3 m2,m3
a=a*2
0 1 2 3 Process 1
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