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// Branch coverage criterion
mt program (int input) {

/ obj1: Input<0 obj2;

|f (|nput<0) return -1;

obj3: input==0 obj4: input!

|f (lnput==0) return O;
/ obj5: input>0 ebje=-
if (input>0){...}}

=

// Branch coverage criterion
|nt program (|nt mput) {

Dj1: Ing obj2:-
|f (|nput<0 n -1;
// 0bj3: | obj4:
if (input==0) retﬁgfz
/] ebto- | obj6: input<=(

if (input>0){... }}

obj6: input <=0
I EITA A 8E

obj6: input <= Ol
obj2 input >= 0285893

obj4: input |=0&
obj5 input > OIFEELTW5S

6 https://www.icse2018.org/event/icse-2018-technical-papers-time-to-clean-your-test-objectives




] e 5

« ETOFERINETANBEEZRYE - BRETZDIIFAHE

* BRUTWBEDNE DN ZIEART 2 DIEERHDE

> RRETR

« BRENTTAMBRZRET SDICHEALGIDNS

* SQLiteDFERENTT A B

7LL.. & 25-':

JAT S LBEADNREERS

SR SYANVINS

BZzREIT DDICE

S




= HY

Nk * RITAAELBERSNTAMNEEZ
LEEETHERL - BRET S



| Cleanic &5 7 70—F



| Clean & [&

« ETCODTAMNERZUNEULEDS, FHREINETAMNER
ZBRHUBRET S Y=

 AAER TIEOpenSSLED 14D K|ELZCTFOT T L
(222 locs; 2271T) TE{TUL I

« EEFORVWHIRZRLT S EHAIHEE

10



D SRNIVEFY—Va v TESHZS

int functlon mt input) { ..
ut<0 S~
if (|nput<0) return -1;
.. }
int functlon(mt input) { ..
input<0)); ry—3y

if (|nput<0) return -1;

.}
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STEP 1 STEP 2 STEP 3

/ / / G G .
Add labels / Generate Try to Detect senerate Try to M renerate Try to
. assertions assertions
for chosen| | assertions prove co-reached prove . prove

criterion \ for Infeasible\ assertions for trivial for block

cbjectives assertions assertions

duplicate subsumed
N\ \ \
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int function(int input) { ...

// obj1:
if (input<0) return -1;

) *

int function(int input) { ...

assert( );
if (input<0) return -1;
- }

ATv 7]

Step 1

iNnfeasible labels

'Assert will never be violated!" Infeasible label
PH—3arickBERIIFERELEV RITARAIEETR NI

05
<%

formal verification tcol R RI7RIREE
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Step 2

co-reached duplicated labels

int function(int input) { ... Je consider each group of labels sharing
// obii: / a block of co-reached statements
e e / (found by static analysis)
if (input<0 && var=3)
// obj2:
'/; EES "These two/three asserts will never be violated!" Duplicated labels
| .} | PH—avickdERRBEELLGW EBELESNI
' 0!
int function(int input) { ... .{é)} Stepl T Eh i
assert( ); - e —
e ¢ v FSA
if (input<0 && var>3) var++; FITAFIHE ‘*7"\} b
assert( ); ) [FBRE S N fciRRE
aaprt/ .
ag‘;crt\ 5 formal verification tool 2T B IR IR EIE
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co-reached subsumed labels

int function(int input) { ...
/{ obj1:\

.}

==
if (input<0 && var>3) ;
// obj2:
// obj3:

h——

. 2

Same as step 2

int function(int input) { ...

int = . :

if (input<0 && var>3) var++;
int __ -

int = :

assert( 2); assert|
assert( ); assert(
assert( ); assert|

.. }

Step 3

'This assert will never be viclated!" Subsumed label
PH—=avICLBERITFEELLGW LRI

EITARARRIE I NI

@ IFFRES N, Step2
farmal verification toal  FE T\ 7R #RESIE THESNCER/L

eoRIENY—IS
Much more proofs e
A than at step 2! ;h’r‘-‘lk'c-\
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1. LCleanlc & %7 7O—F 3Ty D ?

% Siemens, Sjeng, OpenSSL, Gzip, SQLitelcx LT
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1 siencore SIEMENS OpenSSL @ -@Qm
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STEP 1 STEP 2 STEP 3 TOTAL
Benchmark Labels | marked as , marked as , marked as | marked as _ marked as polluting , Criterion
) ) Iime ) fime ) fime - time
infeasible duplicate duplicate subsumed ratio %
siemens 654 0 358 0 38s 2 41 83 43/654 7% 1568 cC
(agg. 7 programs) 666 20 36s 0 40s 0 16 78s 36/666 5% 154s MCC
3210 bocs 654 1 37s 0 39s 18 17 77s 36/654 6% 153s GACC
3543 37 1145 123 1265 134 336 723s 630/3543 18% 963s WM
openssl 1022 28 67s 3 67s 1 57 391s 92/1022 9% 525s CC
(agg. 4 programs) 1166 134 17s 0 83s 2 24 294s 160/1166 14% 454s MCC
4596 locs 1022 29 70s 0 81s 30 24 324s 83/1022 8% 475s GACC
4978 252 356s 270 372s 200 326 4214s 1048/4978 21% 5122s WM
gzip 1670 23 1495 5 1525 19 54 578s 101/1670 6% 879s CC
7569 bes 1726 44 170s 5 171s 11 3 628s 94/1726 % 969s MCC
1670 31 154s 5 156s 43 34 555s 113/1670 7% 865s GACC
12270 267 103388 942 12108 042 395 10029s 264612270 22% 12277s WM
sjeng 4090 34 351s 15 354s 82 215 798s 346/4090 8% 1503s CC
14070 locs 4746 358 417s 9 436s 34 26 1912s 427/4746 % 2765s MCC
4090 35 349s 15 353s 82 210 751s 342/4090 % 1453s GACC
25722 353 5950s 483 4791s 640 706 195865 2182/25722 8% 31478s WM
sqlite 20202 120 1907s 3 1416s 130 456 46405 709/20202 4% 7969 CC
196888 locs 21852 394 295s 0 1902s 178 255 11958s 827/21852 4% 16155 MCC
20202 129 2065s 0 1613s 803 223 4773s 1155/20202 6% 8451 GACC
90240 878 18104s 3688 13571s 2962 6164 216140s 13692/90240 15% 247815s WM
TOTAL 27638 205 2509s 26 2027s 237 823 6496s 129127638 5% 3h3m52 CcC
226333 locs 301506 950 29958 14 206328 225 355 14870s 1544/30156 5% 5h41m37 MCC
27638 225 2675s 20 2242s 976 508 6480s 1729/27638 6% 3h9m57 GACC
136753 1787 25562s 5506 20070s 4478 8427 250692s 20198/136753 | 15% | 82h18m44 WM
222185 3167 9h22m21 5566 7h29m31 5916 10113 77h22m18 | 24762/222185 | 11% | 94h14m10 TOTAL

FEITIE T 5
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1 core + classic WP = a2 X 1/45c=7FR:RH5EA

(graph in log scale)
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B8 20 cores + classic WP
Ul 020 cores + tailored WP

computation time (s) in log. scale
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STEP 1 STEP 2 STEP 3 TOTAL
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LClean vs Mutant Classification

Criteri I Uncov LClean (step 1) LClean (all steps)
nenon e ted time marked time marked time
CcC 4/162 97s 4/162 12s 51/162 46s
MCC 30/203 125s 30/203 15s 51/203 53s
WM 84/905 801s 41/905 75s 385/905 463s
9% 17m3s 6% 1m42s
SOAL (X1) (x1) (<1.6) | (+10)
LClean vs LUncov
Dynamic Detection LClean
Criterion | possibly possibly possibly s time marked as | marked as | marked as total ratio for time
infeasible | duplicate | subsumed | possibly polluting infeasible | duplicate | subsumed | marked as polluting
CC 37/654 243/654 230/654 0% b9 4 3132s 0/654 2/654 41/654 7% (43/654) 1565
MCC 76/666 221/666 215/666 77% (512/666) Jl42s 20/666 0/666 16/666 5% (36/660) 1548
GACC 46/654 249/654 212/654 78% (507/654) 3134s 1/654 18/654 17/654 6% (36/654) 153s
WM 386/35143 2327/3543 641/3543 05% (3354/3543) 83995 7/3543 257/3543 336/3513 18% (630/3543) 9635
TOTAL 545/5517 | 3040/5517 | 1298/5517 89% (4883/5517) . i6l';47 58/5517 27715517 410/5517 14% (745/5517) 23('::)6‘
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