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#include <math.h>

#include “ecrobot_interface .h”

;| void turnSensor(int edge){

int offset = 10;
int s_speed ,deg;
while (fabs (offset) > 3){
deg = nxt_motor_get_count (MOTORS) ;
offset = edge — deg;
if (offset > 0){
s_speed = BASE_SPEED_S + SENSOR Pxoffset;
}
else {
s_speed

}
s_.speed = (s_speed > 100) ? 100 : s_speed;

—-BASE_SPEED_S + SENSOR Pxoffset;

s_-speed = (s_speed < 100) ? —-100 : s_speed;
ecrobot_set_motor_speed (MOTOR.S, s_speed) ;

}

ecrobot_set_motor_speed (MOTORS,0) ;




Qlt}. turnSensor A5 A S| AZ6l7] QAL EA stE o]t 45 o]

%S
Q)= nxt_motor_get_count T2} (2421 7), ecrobot_set_motor_speed 3+~ (2421 17,

d

19) 345 EaHsto] Aok ght. Teluh, S 9% eto|u oY) A45S TE)
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gett, ol 2ol A2 FEF FAEA) ook ST efolHele] gaES 4ot
mdlz ket 4 gl7] w2oll, et ojujof A o AF= AL & 4 ik
int nxt_motor_get_count_stub (int fake_param){

return O;
o}
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int nxt_motor_get_count_stub (int fake_param){
int ret;
SYM_.int(ret); // or, ret = nondet();

return ret;

TSH AT E Qo] el A7 of| A= nondet $H=7} AHE- =1, ©] = NONDETermin-
istic (H]2A & ¢l)Q] oFzjolt}. HtoF AZ=7]S E35| turnSensor gHp7F AN o 2
TEE 4 A=A 1 AARE SQlstal Ao, AZ 7| turnSensor 9F4-9] uhatn]
Bl Q1 edget WS- reto]] @10]0] 3h-& ol HHA AlEdo]d& astal, vhof
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(set—logic LIA)

>| (synth—fun gcd_test ( (a Int) (b Int)) Int

((Start Int (ntInt))
(ntInt Int (

-1 0123

ab

(+ ntInt ntlInt)

(= ntInt ntInt)

(* ntInt ntlInt)

(/ ntInt ntlInt)

(ite ntBool ntInt ntInt)
))

3| (ntBool Bool (

true false

(not ntBool)

(and ntBool ntBool)
(or ntBool ntBool)

(< ntInt ntlnt)

(
))))

ntInt ntlnt)

19 2.4: SyGuS 7|5F g4 AE Z BH A
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(constraint (=(gcd_test 12 30) 6))

2| (constraint (=(gcd_test 60 5) 5))
s (constraint (=(gcd_test 20 100) 20))

(constraint (=(gcd_test 16 32) 16))

1% 2.5: SyGuS7|Ht §HA AH = ojn] A|eF B2 (PBE)

A FE FoA, o] 479 AleF 23S TESt= TR IOHS o Higlel= Zle g
A 4 At ol H et AloF =15 7HA 2L PBE @14 =+-¢1 DUET [15]°] 9Hg 4]

7)™ ’(define-fun ged_test ((a Int) (b Int)) Int (ite (< ba) b (ite (=b (+aa)) a(/b

(+32)))) 2= =2 7300] gtet= Tt define-fun ged_test= " 12 ged_testeh=
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Decision Tree Distinguished Sub-Expressions

if(B;){
if(B,) return Py;
else return P,;

}

else{
return Ps;

}

__%
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(

second 31)))

100 (/

131)) (=

100 (/ meter

+ 3300 (+ (=

meter second time) (

0 time) (<= time 4)) (= time 24)) (

ite (or (and (<

+ (fare meter second) (% 2 (/ (fare meter second) 10)))

else

(fare meter second)) //

1| (define —fun fare ((meter Int) (second Int)) Int

1))

L

s|(constraint (= (taxi

1))
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rE EE
o g Ze oA dtE Qg M9E Yol Rl olwslA] ore
Y5 Guste Qlee oudnt [32] YKo AHRARRE oy Le 1w
oA FH o R SAEE QRS A AES Wol o F §A5H1 44
Ms A7 o 2A B2 Qe Eol 1 A E gt

Algorithm 1 1% & 112]=

Input: ty;,,;:, C' // fuzz configurations

Output: B // a set of bugs
I: B+ o
2: while to14psed < tiimit A Continue(C) do
3: conf < Schedule(C, teiapseds tiimit)
4: tcs <— InputGen(conf)
5: B' execinfos < Input Eval(conf,tcs, Opyg)
6: C + ConfUpdate(C conf,execinfos)
7: B+~ BUDB

8: return B

drElE 12 ATEEQl WA dare]Eo] i) At <
tiimat 2t T2

P
o B< Rreheitt. {2 42 WA g Eo] e T o2 mEtlEu A
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233 AXEY0] 1d

=4 =
2 F9shs 4% 7ol (3. 22 ALEY] B AL i £ZES]
7F g sttt e AR BEL 7hett Be AH (A Mase] dA @ #
o] BE b= AR Felsfiof 5t7] il A5 U £2ZE 019 FR7T A
o whe} Baslof shs AE7L AstEs Ao R AR, olEH A 22 2A7}
A dH FE ZAE s8] flsl, = v Z|RF e 5 AA 71
(Counterexample-Guided Abstraction Refinement, CEGAR) [34]2] <17} Zro] %154

= Arefjo]th. CGEAR 7]¥ = £3] Predicate abstraction B 4] [35,36]0] jEZ o 2,
g Z =2 159 Ao F-X (control-flow)= & A5, 7]E H o] B & A7 5HaL

¥ o
o|N
rE =EL

g HpES Al79kaL 22 Boolean M2 RE 45 2710 2 249loho]
HSSh= 71 ol
X1=X0*Yyo;
X=x+y, if(x |=1)
if (x1=1) .. C = x1=x0+yo A
x=2; e x2=2 A
else _
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Algorithm 2 A4 FE 0| Z7| Al g4 T2 A A

1: procedure GETNEWCONSTRAINT(W : set of incorrect examples, Oy, ot set of not covered output values)

2: T+ o

3 for each (z, f(x)) € W do

4: if f(z) € Onot thenT < T U {(z, f(z))}
5 if T = @ then return RandomSelection(W)
6 return RandomSelection(T)

7: procedure ITERATIVESYNTHESIS(f: original function, X: set of in/output examples, teptire: entire timeout,
tunit: timeout of each synthesis)
8: C « RandomSelection(X) // initial constraint set.

9: Srest < T, accpest + 0.0, covpest < 0.0,0 + GetOutput RangeFrom(X)

10: OPpasic — {+,—,*, /,ite,<,>=,=,and, or,not}, constpesic < {—1,0,1,2,3}
I1:  whileteqpsed < tentire do

12: fspec < GenerateSpec(oppgsic, COnstpasic, C)

13: Fstub < Synthesize(fspec, tunit)

14: if fstup # @ then

15: acc, W, Ocopered < Evaluate(fsiup, X)

16 cov + [Osovereal /0]

17: if W = o then

18: return fg.p

19: if cov > covpest Or (cOv = covpest and ace > accpest) then
20: ACCHest < ACC, COVpegt < COV

21: Joest < [stub

22: else if cov = 1.0 then

23: C + C — RandomSelection(C')

24 C + CUGetNewConstraint(W,0 — Ocovered)

25: else

26: C « C — RandomSelection(C)

27: if C = & then

28: C + C U RandomSelection(X)

29: return fp. ¢
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Object Follower 30 55.4 6 100 70
Elevator Simulator 5 1.9 3 0 0
gcd_3+newton_1_4 17 87.5 1 100 10
email_spec27_productSimulator.cil 139 423 26 100 360
Fibonacci05 17 83.3 1 100 13
pals_lcr.7.1.ufo.UNBOUNDED.pals 59 55.8 2 50 48
token_ring.05.cil-2 153 69.9 8 100 63
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Program Function # Params | |B)|
Ex. Cov (%) | #of /O ex. | Ex. Cov (%) | # of I/O ex.
getbiggestrect 43 6 100 9,399 91.7 9,362
getWidth 42 0 N/A 9,308 N/A 9,331
Object Follower getHeight 42 0 N/A 9,305 N/A 9,287
getArea 42 0 N/A 9,325 N/A 9,369
fisqrt 1 4 50 568 50 530
isButtonPressed 12 6 100 9,888 91.7 9,867
Elevator Simulator
floorIsOrdered 14 32 100 8,688 56.3 8,638
ged_3+newton_1_4 ged_test 2 6 100 5,674 91.7 5,367
getEmailFrom 3 4 75 9,527 75 9,756
isReadable 4 8 100 9,890 87.5 9,890
email_spec27_productSimulator.cil | isReadable_role__Encrypt 3 6 100 9,576 75 9,709
findPublicKey 14 18 100 9,934 83.3 9,923
isEncrypted 3 4 75 9,496 75 9,787
Fibonacci05 fibonacci 1 4 50 548 50 569
check 8 10 85 9,280 85 9,401
pals_lcr.7.1.ufo.UNBOUNDED.pals
init 29 100 57 9,094 64.5 9,119
is_master_triggered 2 4 62.5 6,614 62.5 7,466
token_ring.05.cil-2
is_transmit] _triggered 2 4 62.5 6,564 62.5 7,400
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Original With Source Code Without Source Code
Function |O] | Ex. Acc (%)
Cmplx | Acc (%) ‘ Cmplx ‘ |C] | Acc (%) ‘ Cmplx ‘ |C|
getbiggestrect 9 34.99 405 47.69 22 34 48.85 18 33
getWidth 251 37.3 3 55.85 2 2 78.19 66 90
getHeight 247 42.66 3 56.76 2 2 81.86 48 78
getArea 700 724 11 76.6 10 6 71.32 52 36
fisqrt 23 6.04 67 62.87 44 26 16.64 22 11
isButtonPressed 2 69.88 1,683 93.5 16 11 89.87 14 14
floorIsOrdered 2 74.79 2,587 56.13 94 63 86.22 6 10
ged_test 102 40.2 14 6.41 12 10 8.58 24 13
getEmailFrom 199 64.49 8 100 6 6 100 6 4
isReadable 2 67.66 27 99.85 12 17 99.3 16 10
isReadable__role__Encrypt | 2 67.36 18 99.86 14 13 99.76 10 9
findPublicKey 227 70.19 29 72.19 16 25 44.96 88 73
isEncrypted 113 64.51 8 100 6 5 100 6 4
fibonacci 18 93.82 225 97.56 10 5 100 32 19
check 2 92.23 11 76.5 10 10 95.38 6 12
init 1 100 102 100 2 1 100 2 1
is_master_triggered 2 99.98 5 99.39 4 5 100 6 6
is_transmit1 _triggered 2 99.98 5 99.18 4 100 6 5
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(Abstract) The difficulty of software verification is the construction of the verification

environment. There is a high—cost problem while operating external library modules that
interact with the target software. In this situation, we usually use stubs that replace
external libraries and simulate them more simply. However, users typically must write
stub’s behavior manually. Moreover, the generated stubs can only be used in a few
specific tests. Given the circumstances, this paper proposes an automated generation
approach of reusable stubs with high accuracy and high output coverage using PBE-based
program synthesis techniques. This paper first explains collecting input/output examples
of each module through system fuzzing and unit mutation and proposes a synthesis and
evaluation process when the source code is closed. The process incrementally selects
constraints that have outputs currently not covered by the synthesized stub. For the
experiment, this work selected two embedded software and several benchmark programs
on the SV-Comp 2022. As a result, the proposed approach can show high accuracy and

high output coverage of synthesized stubs.
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