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C OpenHarmony

&3 deal.Il

# Feature configuration:
#

set(DEAL_IT_WITH_CXX11 ON)
set(DEAL_IT_WITH_CXX14 ON)
set(DEAL_IT_WITH_CXX17 ON)
set(DEAL_IT_WITH_OXX28 ${DEAL_II_HAVE_CXX28})
set(DEAL_IT_WITH_THREADS OM)\n"

)

config COMPILER_GCC .
:icl el / KCO"flgy{q:

config CROSS_COMPILE
string "GCC cross-compile toolchain prefix”
depends on COMPILER_GCC
default "arm-linux-ohoseabi-" if ARCH_ARM_AARCH3Z

config COMPILER_CLANG_LLWM
bool "Clang™
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PRSREN : SFINREREMRA. SHIZT, REHDERALISESFAREEEFENIHEERT
(OptSAT) [F&E, 87T SATKRBESRUMMHAGRRISIESR, RETEFSATRENBEMRLET,
LM T LRBES BIFCHNERER, BT SRSRSMATEPR. ZGEERHREW. (Fik
FIEEE. RFRERINSDEFESHESPEINE, EERER 7 RKENESHIERE.

&&%f I ?%[ J OptSAT: Fi#EIE(SAT) BB (LhR

( OptSATIHRERIFZAMEN : BE—1SHGEIN (CNF) st 7 =4 N
( ARl E AT PARR—/MBTE/R (Pseudo-Boolean, PB ELT J—
ﬁI% BiTEL , OptSAT iRE—A\NERF BIREY/E p, 5%

FREHBEFIIERY/R u ', 88 BX3Z.

'O OptSATRBAIESATIRIR LR, HEIFRIEAH |
LU F AOREC, BB MEEIRES Y SHAE. - Qo0
O MaxSATHHESATHERNRAES, BEREFEYBRE § 2
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RRRMEIT: FIXVREEENM. ORI FAREE RSN EEFERN SRR (OptSAT) [E:E,
18952 7 SATRESEAMNCHANEMSESR, RETEFSATKENREMEANEF, LM TLUREE
S58riernRER, BT SHRNRSHAFESR. ZAEEREIREME. (FILFEERFERE. &
RRFERTMFESIFESFHESPEINE, BERA 7T REIERSHNRE.

%Wﬁj «  OPtSAT: EIEISADMERYI

0 0
Driver GraphType Algorithms Search Weight
e & i
N '
Benckmark| |Directed| [Undirected| cclllscc] DFS| |BFs| \
i
CTC examples: Shortest| | Kruskal Cycle|
Num reguires Search : :
Prim requires Weight
Cycle requires DFS
Prim requires Undirecied nemas i

;Qﬁ g% ﬁi ELFRRIFS, OptSATHE (REIREMI) BERTS
@ﬁ% ﬁI SATHszt., Hif, —AHEFSHEESATRR, f5S—L&E

it BRI BT LI E L B R RB 15 A RS L I SATHSR R

Ref: M. Cadoli and A. Schaerf, “Compiling problem specification

into SAT,” Artificial Intelligence, vol. 162, no. 1-2, pp. 89-120, 2005. oé%@o
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KFRETIET: $X OptSAT AR (LASK{EECERAAREAAKTER) . FEYIE CDCL 5 SLS #h2E SAT Ki#
s=5ZEIFEEZ VaEA iFZFERIS, 2T —HENR &G Z—SATVaEA §iZ,

RERSATKR RIS BtRELEIASATVaEA

ALGORITHM 1: Framework of the Proposed SATVaEA

|
1
[}
1
1
1
1
Input: FM (a feature model to be configured), N (population size), and & (a parameter for controlling the '
frequency of using the two SAT solvers) '
Output: Nondominated valid solutions in the final population. !
:

1

1

1

1

1

[}

1

15: return Nondominated valid solutions in P

1
1
[}
1 1
: | :
1
1 1 1
1 1 1
[} 1 [}
1 1 1
| ! |
1 : 1
' 1: Simplify the FM ! ! '
! 2: Initialize population P with N random solutions 1 . X, '
1 3: while the termination condition is not fulfilled do ' X, 1
o @ condiion , o EFSLSRHRMIESET ; e .
I 4:  Generate an offspring population Q by genetic operators . o X, 1
1 . . R . 1
5 S+« PUQ// 5 is the union of F and Q ® CDCL ! - M .
1 . 1 K - . 1
' 6: if there exist invalid solutions in S then Ea: *%mgﬁ%¥ 1 A % '
v |7 if rnd < 8 then R\ | T i -
1 . . . . 1 Voot ot R !
1 8: Apply the SLS-style SAT solver to repair a random invalid solution . £ d M ’ 1
i else ! ,.,;:" 258" e’ % ’,‘\‘ :
. 1 Apply the DPLL/CDCL-style SAT solver to generate a valid solution, and use it to replace an ! * \ ________ -0 Y,
i 1 s iumeers .
! invalid one | AR A o 1
1 . 1 u 1
1L end if . 1 1
1 i . 1 1
v 122 endif ! e E “ I
| 13:  Perform the environmental selection to S to select N diversified solutions for the new population P ! Hx 5 '
[}
i : :
1 ! 1

1
1
1
14: end while :
I
1

EHrEBATES: “Furthermore, | suspect that this is have been used in multi-

objective optimization at all. ... ”

[TOSEM 2018] Yi Xiang, Yuren Zhou*, Zibin Zheng*, Miqging Li. Configuring Software Product Lines by Combining Many-objective
Optimization and SAT Solvers, ACM Transactions on Software Engineering and Methodology (TOSEM), 2018, 26 (4): 14.1-14.46
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1

1

| SRR TT50% TT100%
1

: toybox 582% 577%
I axTLS 179% 185%
' freebsd-icsell -3% -10%
| fiasco 35% 59%
I uClinux 108% 01%
| busybox-1.18.0 N/A N/A
| 2.6.28.6-icsell -14% -12%
| uClinux-config 610% 573%
: coreboot 64% 74%
: buildroot 77% 70%
: embtoolkit 80% N/A
' freetz 313% N/A
| 2.6.32-2var 30% 16%
| 2.6.33.3-2var 24%, 18%
1

1

BIRMEERTF (SLSK%E=R) |5,
HiZIR1550% F100%BEWEFFR

IEmevEsE (BSEL)

E_-_‘

,EinL

|lA\.I&>§ BatRiEHFIERC

, 1T —HhEh

1BBRDPLL/CDCL- 38K #3515,

ZHIS R EFRE

1 1
: | EE R SATVaEA SATIBEA SIP+SPEA2+SDE  SIP+NSGA-II
! 1 VN(30) 30 30 30 30
' ;£ W 100% 97% o 100% 1 100%
1 1 £ IGD 10.6366 16.1697 e 107513 $ 10502 i
' ! 2 363610.6200 o 1718465337 o 1513105094
1 | Runtime = 34810 16.0985 e 27.5430 . 1
' ! VN (30) 30 30 30 30
1 o= VR 100% 97% o 100% t 100% +
! ' I ¢ Po 239.1933 o 1712694
1 1 . P R o) 10112208917 « 1537241969 e 524246.0306
| ' A 8w /Iy ) ! Runtime | 7.3775 19.4395 o 352810
1 1 = J,;fi 3. 7 . VN (/30) 30 30 30 30
: : 7 I 4 g ' % VR 100% 99% e 100% it 100% i
I I = - _H C I % op 17.5598 o 184402 o 149311 .
| ' ‘ e | n‘ : | ‘ : I ! & m 2505355281 o 2133413709 o 1599932761
1 Qbjective No. Objective No. Objective Mo. Runtime = 41250 16.1085 e 271520 o [OB0BS -
* (a) SATVaEA (b) SATVaEA (c) SATVaEA * VN(30) 30 30 30 30
i 1 _ X 1§ VR 100% 7% o 100% t 100% t
: ' > - faseo o Smtoctki | - (€2 28.0032 o 9.6209 « 100130 .
. - ol " | ;< 545778655 o 221535554 e 383847146
! =N 3. N roo Runtime 27470 17.4000 o 250440 . S -
. ) 2 2 % | ' VN (30) 30 30 25 25
|.8 b B e 3 0, 0 0, 0,
' - 8 8. 1 1 E VR 100% 99% . 83% 83%
| ; | ' R ) - 701.8627 e 228213747 o 24091.6980
Lo FR— 1 g FR— ! ; E— | 1= PD 10828245819 o 15592.2866 e 15703.5480
. : : Runtime 118.1385 126.4740 e 800140
| (@)SATVaEA-DP (e) SATVaEA-DP (f) SATVaEA-DP ! e 930) - 1 -
1 0

[TOSEM 2018] Yi Xiang, Yuren Zhou*, Zibin Zheng*, Miging Li. Configuring Software Product Lines by Combining Many- objectlve

Optimization and SAT Solvers, ACM Transactions on Software Engineering and Methodology (TOSEM), 2018, 26 (4): 14.1-14.46
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Integrating Pseudo-Boolean Constraint Reasoning
in Multi-Objective Evolutionary Algorithm Multi-Objective Evolutionary Algorithms (MOEAs) have

been at the forefront for solving MOCO problems [Deb er al.,

Miguel Terra-Neves!? and Vasco Manquinho' 2000; Zhang and Li, 2007; Zheng et al., 2016]. However, in
I INESC-ID / Instituto Superior Técnico, Universidade de Lisboa, Portugal problem instances where it is harEl to satisfy all problem con-
* OutSystems, Portugal straints, the performance of MOEASs starts to decline. On the
miguel.neves @ outsystems.com, {ines,vmm } @sat.inesc-id.pt other hand, recently proposed constraint-based methods [Soh
3 B — B tal., 2017; Terra-Neves et al., 2018] thrive in solving tightl
RERAESHORRBERIRSHInBSRML ir.n: strained ini];:.:u |::E:.lIr E;‘Ihl']':;'-.fn:Jil.mIilg.-' t]:-r:l:;:nu:::::];:ﬁ;f\f :jl]rl
s= g S < b =
(MQCO) !ﬂi@iﬁgﬁﬁﬁ*blﬁ' ﬁﬁ?ﬁ** gunlhmu ..mr_’l constraint- bd_md methods, motivated the sele
BEHURAEBERSHE, HEX|ang et al-/ - - straint solving in MOEAS [Henard er
By __Sho 2=k
(2018) BiX—RSHRHIEEARIELIF SBSERYBISAAZ— IEEE Fellow
[Xiang eral., 2018] Y. Xiang, Y. Zhou, 7. Zheng, and Christopher Henard*, Mike Pap‘idakis*, Mark Harman', and Yves Le Traon*
M. Li. Configuring Software Product Lines by Combin- . .
ing Many-Objective Optimization and SAT Solvers. ACM @ previous work on_using—eenstraint solvers in
Transactions on Sofiware Engineering and Methodology, [Henard er al., 2015; Xiang 'ﬂﬂ'[* 2018R we propose

a gencml].ﬁ:d smart mutation operator for correcting unfeasi-
ble individuals, and a smart improvement operator that uses
MCSs to improve already feasible individuals. Experimental
results in a large set of VMC instances show that the com-
bination of evolution and constraint solving significantly out-
performs pure evolutionary and constraint-based approaches.

26(4):14:1-14:46, 201 8.

Xiang&F A “BEUMHESHORKREEAS” BB
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iR#t (Following) 5%, 7Y LiABIERIFF
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New Trends and Ideas

A survey of many-objective optimisation in search-based tional cost. Our findings seem to reflect this trend, since just a fEW

engineering e works solving problems with more than six objectives consith

in their experimentation. Finally, only a recent pape |
Aurora Ramirez, José Ratil Romero 2018) reports values for a guality indicator specific: e
Department of Computer Science and Numerical Analysis, University 0 doba 14071, Spain fﬂr “mﬁ"ﬂbm D'P“u“m I'.'ﬂ.".Ed P'I.II'E dWE'['SItF [ L 1 1"' e[ -'|

2017). The rest of indicators referred in Section 2.2 have not been

though no algorithm was clearly 5upermr llfcent]y other paper
suggested that previous works lad T iversity and are

o e {% Xiang % A B3¢ SR Fl 7 many-objective
v A el o+ ovE e L o [ — -

feasible SPL configurations, as well as the application of a new al- Optlmlsatlonﬂgﬁﬁuw'ﬁﬁﬁ?ﬁ*ﬂ?. EI"F??H’EBJ]

gorithm, named VaEA, to promote particular configurations. SAT- e ' = S 1 VAP [

VaEA, which could be catalogued as a diversity-based approach, is Ea:g E*ﬂ‘gﬂ wggﬂgh1¢lhﬁﬁ*gﬁ.ﬂ:{aw

compared against SATIBEA and SIP (combined with N5GA-Il and gﬂg&&ﬂ:“igfﬁm

SPEA2+5DE) on an extensive collection of FMs, considering four,

five and eight objectives. Experiments confirm that SATVaEA is
an efficient method, being able to optimise FMs with more than

60,000 features in less than ten minutes. Moreover, it guarantees H S 2 % S [

the return of more diverse solutions than its competitors, meaning Xlang‘%kﬂqgiﬁﬁaﬁﬂﬁ?ﬁﬁﬁlﬁﬁggfi IE
that the engineer would have more different alternatives to choose Z:E*ﬂﬂ'%fﬁm)_%ﬂg*fﬂ#ﬁ;ﬁo 1§§|Ii§l§§
among. EHIT T ARERE, HMNEEBENRSEZF

- Ll iy K3
Xiang, Y.I., Zhou, Y., Zheng, Z., Li, M., 2018. Configuring software product lines by ﬁﬁ\gﬁgﬂﬂﬁﬁ EE?E"E% °
combining many-objective optimization and SAT solvers. ACM Trans. Softw. Eng.

Methodol. 26 (4), 14:1-14:46.
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We’re Not Go~_>Break It!
Consistency-Preserving oparators for
Efficient Product Line Configuration

Jose-Miguel Horcas ™, Daniel Striber", Alexandru Burdusel, Jabier Martinez", an{] Steffen Zschaler

Automated Optimal Configuration. Ochoa et al. [4] present a
systematic literature review on automated configuration.
The seminal approaches in the field relied on constraint-sat-
isfaction problem (CSP) solvers [3], [40] and custom heuris-
tics [41]. Examples of the now predominant search-based

XiangZ ABOTAEREREERLER | > [10EA 1) and Clafer
SRl B o2 T ROF ST R [0 these works rely

1wputed during the search.

iz_ m “fix” operator, whereas

SATIBEA usesa within a “smart” mutation oper-

ator whose purpose is to ve violations introduced in

previous mutations. Xiang ef al. vary SATIBEA by studying

the impact of different SAT solving techniques and configu-

rations during repair [20], [33]. We discuss the positioning of
our work in this line of research in Section 1.

[33] Y. Xiang, Y. Zhou, Z. Zheng, and M. Li, “Configuring software prod-
uct lines by combining many-objective optimization and SAT solv-
ers,” ACM Trans. Softw. Eng. Methodol., vol. 26, no. 4, pp. 1-46, 2018,

HIEA IR S AR

Software and Systems Modeling (2023) 22:377-414
https://doi.org/10.1007/s10270-022-01011-2

IAIS SheEiEfsshl

Empirical analysis of the tool suppor

José Miguel Horcas' (% - Ménica Pinto'

BAMTFSHMXE
Lidia Fuentes %

REGULAR PAPER

tions (e.g., analysis of NFPs). The extension mechanism of
FeatureIDE, based on plugins, and the provided API allow
applying specific optimization techniques (e.g., evolutionary
algorithms), additional formalizations of the FMs such as
CNF [106]. or the use of advanced SAT snlve:].
Most of these applications have been developed as part of
a research work and are available as evaluation or proof of
concept artifacts. They still require to be properly integrated
in a main release of a tool like FeatureIDE to make them
widely available to the SPL comigunity.

XiangFE AR TEiER{TI/aFeaturel DEFR{FE
i RBPRASHSATREFR AR HEIH S TE,

107. Xiang, Y., Zhou, Y., Zheng, Z., Li, M.: Configuring software
product lines by combining many-objective optimization and sat
solvers. ACM Trans. Softw. Eng. Methodol. 26(4), 14:1-14:46
(2018). https://doi.org/10.1145/3176644

ar software product lines
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tRFERRSR1 . PIERSATKERAVEMCICS i ZR A

ARIETLIE2: ESATVaEARZR, DirFELE T RESATREFRAREMREBNEREGENTR, AR
ETESERRR ARRY kRS SHCBRR 1 iR EINES.

L RS SAT4), Minisat, (P)lingeling, Glucose, etc.

RiEWalkSAT, probSAT, etc.

. Table3 Average HV valucs for different CDCL-SAT solvers __~~~—=77 N [ 0 T = :
' SAT4J MiniSat Plingeling Glucose | ! 1
1 o o @ !
. WebPartal 7.144E — 01 7.167E =01 7140 =01 7.168E — 01 | 3 3 E :
1 E-shop 4.445E — 01 4.436E — D1 4.890E — 01 4.496E — 01 I = = = .
: Drupal 7.222E — 01 7.195E = 01 7.172E =01 7.215E — 01 E E . E{)_E — 1
. Amazon TISLE — 01 7.300E — 01 TI67E — 01 7433E — 01 | 2 g 2 :
1 Random-10000 L610E —01 1.521E =01 3.060E —01 1.508E — 01 I g g g .
: RealAmazon 3514E — 01 3.640E — 01 4.090E — 01 3.823E — 01 |
| RealDrupal 3.605E — 01 3.595E — 01 3.573E —01 3.608E — 01 | —— !
1 toybox 4.893E =01 4.870E =01 3T86E — 01 4.893E — 01 I 2 3 :
: axTLS 3.951E—01 3.640E — 01 3.583E — 01 3.594E — 01 Objective No. Objective No. 1
| freebsd-icsel 1 3.822E — 01 3.808E — 01 2.943F — 01 3.908E — 01 | !
1 fiasco 1.275E — 01 1.207E =01 2450E — 01 1.212E — 01 | ProbSATVaEA ProbSATVaEA :
: SAT4J uClinux 5.052E — 01 5.033E =01 2.422E =01 5.076E =01 pl‘ObSAT 1
| busybox-1.18.0 4.548E — 01 4.075E — 01 2.771E — 01 4.246E — 01 | o 2 2 :
1 2.6.28 6-icsel | 1.772E — 01 2.026E — 01 2438E — 01 1.8§77E — 01 I = = = .
! uClinux-config 4221E—01 L791E =01 LOTLE =01 1.827E — 01 ; :; :; |
| buildroot 2.800E — 01 2335E — 01 2399F — 01 2.298E — 01 | § = 5 :
: freetz 2.519E — 01 1.858E — 01 1.692E — 01 1.847E = 01 I 2, 2, 2, i
. coreboot 2322E — 01 2211E — 01 9.098E — 02 2.180E — 01 (] O O 1
| embtoolkit 3.262E — 01 1.994F — 01 2221E =01 2.014E =01 | :
: 2.6.32-2var 2773E — 01 2356E — 01 2197E —01 2318E — 01 I .
X 2.6.333-2var 2.562E — 01 2.307E — 01 2227E =01 23LLE 0 . Objective No. Objective No. Objective No. :
: Summary 16 7 7 12 PbSATva EA ﬁ;ﬁ (a) 2.6.28.6-icsel 1 (b) buildroot (c) coreboot :
! 1

Yi Xiang, Xiaowei Yang*, Yuren Zhou, Zibin Zheng, Miqging Li, Han Huang. Going deeper with optimal software products selection using many-
objective optimization and satisfiability solvers. Empirical Software Engineering (EMSE), 2020, 25(1): 591-626



<

FRFEREER1: RIERSATRERRYELINICTT AN R ALS shesizmsen
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Algorithm 4 Repair Operator for the OSPS Problem
Input: y // An infeasible solutions violating HCs
Output: y // The solution after repairing

- if rand() <= t then

Algorithm 1 EoD_update_operator (x, i, tp)

Input: x (the solution to be updated), i (the i-th subproblem)
and u, (the update probability)
Output: x (the updated solution)

point — Normalized
hyperplane

1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
: ! : : : :
\ 2 Repair y using the probSAT solver [52] : : 1: Construct p; according to (14) : :
! 1 else ' i 2 fork<=Tiondo \\\ ' :
! 4 Repair y using the SAT4J solver [53] D y 3 n < rand(0,1) > ! '
| 5. end i? | & | ﬁm‘é’: 4. if ri < up then \\\ : :
! , : n: 5: ry <« rand(0, 1) A : :
! 6: return y | I - : \
X - i 1 6 if r; < p;, then 1 ' :
: : . . : . 7 X < 1 ’l : :
. f5lF: The solution y = {0, 0, 1, 1, 0} is |8 else / | i
1
' infeasible since it violates two constraints | | IE‘ m-;*i;—o / : :
1 . . 1 1 : - V4 1 1
' (x1 V' x5) and (x2 \/ x5), involving three | ' 11 end if J ! :
o . 1 1 , 4
. variables x1, x2, and x5. We remove their 12 end for R : :
1 ! ! 13: return x V2 1 1
1 R ! ! v 1 1
, assignments and make y = {, _, 1, 1, _} : )% : :
1
' partially feasible. Then y is given to the . | ¥ : :
! . c c ! ! T: ! !
' SAT4J solver, which will complete it and | ' piy =a-05+(1—a)- Su (14) |} |
. return a feasible solution ! ! i ! !
1 1 1 1 1

Yi Xiang, Xiaowei Yang*, Yuren Zhou, Han Huang. Enhancing Decomposition-based Algorithms by Estimation of Distribution for Constrained
Optimal Software Product Selection [J], IEEE Transactions on Evolutionary Computation, 2020, 24(2): 245-259
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ARIETIE3: $IXIOptSATIHEE, Rit TRSSATRFRNNEEREEEFSohihiTEMEFNEEL

REIREENSG, RAERFNSGA-IIL,

MOEA/DENRFIEZ BirEEZE.

: M v [ 1GD+

1 MOEAMD-Ecl} SATVaEA MOEA/D=EoD SATVaEA

I 7628 6acsel] NT216E =01 4.150E — 01 | 8120E =02 9.647E — 02
: m frechsd-icse 11 B.2OIE —D1 1.797FE — 01 1.165F — 01 501008 — 01
. uClinux-config T204E — 01 3.519FK —01 G.G89E — 02 1.981F — 01
1 - buildroot T.20TE - 01 4.27T3FE - 01 3.733FE - 02 1.012F - 01
" freets TOM0E — 01 47128 — 01 | 2018E — 02 | 4.3908 — 02
1 coreboot TT1IE -~ 01 4.011FE —01 5.BB4FE — 02 1.BOOf — 01
1 2 2.6.32=2var G.932E — 01 | 3.2220k — 01 | 20358 —02 | 9.943F5 — 02
: 2633 3-2var G.TEB4E — 01 3.128K - 2.4R0F — 02 B.TORE — 02
1

: FM MOEA/D-EoD MOEA/MD SATVaEA

] toybox 8.250F — 01 | 8281E —01f | 6.930F — 0le

! axTLS 7T80E -~ 01 TRISE - 01f 65168  0Ole

1 fiasco T.026E — 01 T.053E — 01f  6.440FE — 0le

: m uClinux B.TOTE — 01 8.764F — 0le 7.027TE — 0le

| busybox-1.18.0 | B.656E — 01  6.533F — 0le 55095 —0le

1 — 2.6.28 G-csell 6.5993E — 01 6.529F — Ole 5913FE —0le

| ™ freebsdricsell | 8.231E =01 7.847E — 0ls  6.523F — Ole

1 3 uClinux-config T.35TE — 01 T.112E — 0le 5.995F — Ole

: buildroot G6.O970E — D1 G.839E —0le 60425 —0le

1 freetz 5.973E — 01 5.90TE —01f 5.535E — 0Ole

: corehoot THR4E — 01 6.953F — 0le 6.612FE — 0le

| 2,632 2var 9.488E — 01 5.448F — 01f  3.923FE — 0le

: 2.6.33.3-2var 54158 — 01 | 5.420E —01f 3803L —0le

1

X3 BimE m=25 m=3 R BCE (1L IR
B, MOEA/D-EoD7E#E{##R (HV) #
IGD+FitgEIRIF LE2E (RITLE
{liFSATVaEA Hiz,
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FRFEREER1: RIERSATRERRYELINICTT AN R [AIS siemzms

AFRETIEA: ST SAT KFRRZHFEABRIMEE, REENEZREANZ A H RIEIRBISATRE
L&, FEEBMNRCMHAESR, MR RETRERA THESREAREREEERIE

E . : : Algorithm 2 z + PaD (n) : 'Al[_‘l.'_l'l"lthl't’l 5 Search-based framework with Pal) :
! rSAT4J ' I Require: n (number of variables) . 1Require: ¢ (propositional formula), N (population size) :
: TF — — —CF 0 — T T — — —7— — — <A : . Ensure: x (a candidate) ] : 'F'nﬁllr{ S H-m al popu] 11;1{:.:11} :
! 1: + f/ A assigned ati
! . . ' - ; . :-lz?aa’.n [1[1]1:1:: Hﬁ’w(}::::,}rai? :mriri]om sumber between 0 and 1 ' : 1: Initialize the population & with N valid configurations generated by Pal) E
Lo 500 1000 oo (inclusively) ! (Algorithm 2) and SAT_solving |
1 ! | 3 fori« 1tondo o while termination condition 18 not met do '
: (a} ocos-1csel 1 : : 4 if f; is mandatory then : : % Q1 :
1 | 1 LY .J“toi— f.'-’."h',!.‘. | |4 ﬁ:", 1 4 1 to I,\Ir I:I.U 1
' I 8 elseif f;is dead then o . . ;o !
X 1 - z; — false Lo 5: {p1,pa} + matingSelection(S) !
. T T 1 | b . . S
| rSAT4] 1 s else o {e1.c0} ¢ crossover(py, p2) !
1 ! 1w if rand{) < p then L ¢ +— random selection between o and o 1
: P e e |0 i + true P B: r — mutation{e) 1 ; :
. N
: - - - - - - : :z Elsii o False o; if rand() < 0.5 then :
: 1000 2000 3000 4000 5000 6000 | - end if 10 ¢ +— PaD_reassign(c) '
1 1 s - ge
. . N 1 14:  end if ALY end if '
: Ilb} 2.6.28.6-icsell : E 15: end for i : 19, ¢ — SAT _solving (c, ®) E
' : ' lo: return REE Evaluate ¢ based on one or maore objective/fitness functions !
. 1 . . O ule .
DMESATRIESE (QNREHL | | e =
! I m%ﬁ*ﬂ g*¥1‘h*n$u P D . *}J yﬁ\w S T-! & + environmental Selection(§ 10 Q) i
{LSAT4)) WH@SHENE | | R e i end while :
3 1
AR mTEEeEE | SVEE, EXNERBENSp, K| Deorewns |
1 . 1 A INIREL = 1 | Bri !
XS SR ES . BUABR pA BN ZERR(E. | | TMRNEERES I EIANEIREISATK |
[} \ 1 1 1
: ! B, FHSEIERROSIREB N B IRGIER

Yi Xiang, Xiaowei Yang*, Han Huang, Zhengxin Huang, Miqging Li. Sampling Configurations From Software Product Lines Via Probability-
aware Diversification and SAT Solving. Automated Software Engineering (AUSE), 2022, 29(2): 54.1-54.45
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AFRETIEA: ST SAT KFRRZHFEABRIMEE, REENEZREANZ A H RIEIRBISATRE
RiE, HEHBNERIGER, ARSI a0 P ISR AR ERERN

L T 1
1
1 1
Table 6 Medians of Spread, HV and IGD for SATVaEA and D-SATVaEA over 30 runs I 1 100
! ‘ : : L 100¢ 100 [ : 88 |
! seL Spread I m I 1GD ] | Bl In favor of D-SATVaEA M In favor of D-PhSATVaEA 87 !
. SATVAEA  D-SATVAEA | SATVAEA  D-SATVAEA | SATVaEA  D-SATVaEA : 1 Bl In favor of SATVaEA M In favor of PESATVaEA 80 1
1 : L h —_
1 CounterStrike 1.765¢ — 01 [1AT6e=01%"| 6509 — 01 [G50E=01F"] 5008 — 02 [4:9256=02F | P T . Bl Negligible difference oy 1
1 HiPAcc 7.043c 02 7.043c  02f | 6.758c — 01 | 6.780c— 01% | 8.918¢ - 02 | 8.857c — 02f | ! - - Negligible difference - BIE < T5¢ 1
| SPLSSimuclESPrP | 0.000 +00  0.000e + 00f [[S8126=017 5.807c - 01 [[22626=027 2.329¢ — 02} ! = 75t 68 = 75+ W 1
JavnGC 0.000e+00  0.000e+00F | 6.942 — 01 (69456 =01F | 3508e — 02 3.525¢ — 02} ! [ = 66 B4 66 W
! Polly 0.000c+00  0.000e+00f [57266=01" 5.726c — 01 | 6.449¢—03  6.449¢ — 03; 1 | P G4 — “ !
1 VPY 0.000c 00 0.000  00F | 5.945¢ 01 5944 — 017 | 1089 02 [ 1081e = 02 1 1 54 1
1 WebPortal 2.09%¢~ 01 2232~ 01% | 6.160c — 01 [GATEE=01F| 5.351c — 02 | 5.348¢ — 02§ 1 | E-" EJ = 50t 48 1
1 JHipster 0.000c + 00 0.000e + 00 | 5.823c — 01 | 5.827e — 01% | 6.642c — 02 | 6.600e — 02§ \ =1} =y =] 1
D s N e ot TN <o R o ' 1 2 o0 £ 50 - !
- g 39 3 : - — |71
1 VideoPlayer 1216 — 01 87256 =0le"| 5.969 — 01 [EO8GE=01F)| 7372 — 02 |7.9486 =025 1 1 = ) e !
1 Amazon 0.000e + 00  0.000e +00F | 6.912¢ — 01 6.899¢ — 011 [ 7.022e — 02 7.1dde — 021 1 1 w g C". 1
1 Model Transformation 33966 — 01 3491 — 011 | 6.393¢ — 01 | GA04e~01F | 7.388¢ — 02 7.415¢ — 02} 1 \ E = o 25+ 1
1 CocheEcologico 5.000e — 0 ekl 73 3¢ — 01 ~ 5.958¢ — 01F | 8 407 — 02  8.32%9¢ — 021 1 (] (o} U 1
. Printers 5.625¢ — 08l 5.625e— 01t | 117 — 01 | 5.182e—01% | 7.180e — 02 | 7.156e — 02¢ 1 o, 25 o, 25 |
\ fiaseo 1710 5.1089¢ — 0 3.043¢ — 01e Sdle — 01 | 5.700e — 01s | 8.011¢ — 02 | 7.580¢ — 02 1 1 = = 1
uClibe-ng 1.0.20 2.837c 4 0f | 1.000c + 00s | §.523¢ — 01 | 5160 — Ole | 5887 — 02 5680 — 026 1 1
1 E-shop 1475001 1.494c + 005 | B.404c — 01 | 5.428¢ —01% | 4.388c — 02 | 4.350¢ — 02e 1 1 1
| toybox s.878¢ - of nestge=0isy| B 1iic— 01 | 5170~ 018 [6048E=020 6121c  02; | 0 ! ' 1
\ axTLS 9.388¢ — 0] | 8.237e— Ole [OBTEZGIN 1.964c— 017 | 5227 — 02 5.328: — 02} . ! HV IGD 1
. financial 1171 + 0f | 4342 — Ole | B.619c — 01 5070~ 0= | 6.980c — 02 [ 5253 02« . 1 U. {} |
busybox 1280 1104c + 0N 5.068¢ + 00 | B.665¢ — 01 | 5.020e — 0le | 2.924c — 02 | 2.4d6e — D2e 1 - - - - . - . - . - . -
1 mpest 7.485¢ + 0 | 8733 + 00w [K0706=010 5.054c 013 | 2286c 02 | 2,162 02 1 | bprt}'dd HV 1GD bprt"cld HY 1GD Bl D-SATVAEA vs SATVaEA[ | D-PbSATVAEA vs PhSATVaEA |
1 1ef4055 7.223¢ + 0f | 5.623e + 00e | §.989c — 01 [40958=01E 2217 — 02 | 2.004e — 026 1 | 1
1 limux 7.853¢ + Ol 5.728¢ + (0= | §.999¢ — 01 | 5.006e — 01s | 2.313¢ - 02 | 2.135¢ — 02e 1 1
csh281 8.124¢ + 0ff | 5:857¢+00s | §.042¢ — 01 | 5.051e— 013 | 2.302¢ — 02 | 2.006¢ — 02« i roe - I d [: L - i roQ . '
! ccos-icsell 6.163¢ + 0ff < 5.612 + 00 | §.155c - 01 | 5.166e — 01% | 2.602c - 02 2.530 — 02s ! 1 [&,J SATVaEA v.s. D-SATVaEA b} PbSATVaEA v.s. D-PbSATVaEA !
1 5 7.586¢ + 0 | 5.963¢ + 00« | §.002¢ — 01 | 5024 — Ols | 2360 — 02 | 2.202¢ — 02« [} 1 !
1 7.071c+ 0f | 5.828¢+00s [WOR0E=017 4.978 — 013 | 2.330 — 02 | 2.219¢ — 02e 1 1 N 1
1 7.159¢ + 0ff | 5.813c + 00w | B.033c— 01 5.030c - 01% | 2.154c — 02 | 2062 — 02e 1 = = \ 1
. cofEEREE L L O EARAEEHIEEiA68%) £, D-SATVaEA (TOSEM 2018)F1D-PbSATVaEA |
| 7.560c 1+ 0f | 6.033¢ + 00s | f.022¢ — 01 [ 5030~ 0ls | 2.342c - 02 2.203¢ — 026 1 1
7.042¢ + 0f | 6.063¢ + 00e [B00Z6=017 4.998 — 013 | 2.211e— 02 | 2,118 — 02e ! 1
I 3 7.599c + 0 6.072¢ + 00s | B054c - 01 5.042c 011 | 2310c - 02 2198¢ — 02 1 1 — | Ab [ =Y T - », 1
1 acelot 65+ 0 5.966e + Oie | B.017 — 01 [ 502505 01s | 2,300 - 02 | 2169 — 028 1 E M S E 2 02 O i S d H V u I G D — Iﬁ tg Tx -, EE i 1
1 integrator_armd 5332 + 00 | f.006c— 01  5.027e —Ole | 2.312c— 02 2.0183c — 02e 1 : ( p rea IS — J\ Eb BT MW I 7 1
1 6.041¢ + (0 0026 — (01 | 5.008e — 0l | 2.322¢ — (02 & 2182 — (2 1 | 1
5.941c+00s | B.048c — 01 | 5.050e~01f | 2.18% — 02 | 2.082¢ — 02
! . : 1 E*T_ t T—r ==E !
phycore 7.686c + 0 | 6.064e~+ 00 | B013e=01 4.990c— 017 | 2.200¢ — 02 = 2.164e — 02e 1 . —1 I 1 0/ .
I 1n7,m]m 7.735¢ + O | 5.862¢ + 00w | B.987c - 01 4003 - 01% | 2.138 - 02  LOG4e - 02e 1 1 H V*u I G D;E 71\ ; i & E (o] 7 1
1 1.243¢ + 0 | 6.405¢ + 00s | B.780c — 01 | 5036 Ole | 2831c 02 2.302¢ - 02e 1 1
1 fiasco 9.305¢ — 0f | 8.586e — 015 | f.007c — 01  5.094e — Ole | 4344 — 02 4126 — 02 1 : . PN . . 1
wClinmse 3.498¢ + 0ff | 3.158¢+ 00s | f.462¢ — 01 | 5.480e — 013 | 3.828¢ — 02 | 3.796e — 02§ L= = =l pY U4 —] L=
: Automotived] 6.043¢ + 0ff | 5.328e + 00w | §.890c — 01 | 4946~ 01e | 2.506¢ - 02 | 2.406¢ — 02e ! ! # - ﬁ *ﬁ § HH S p rea d Hg Y174 % ;E H V u I D =] a7 1 . i D = :
SPLOT-FM 5000 1.207c + 0 | 1.266¢ + 011 [ W83 =01 4811c— 017 [ 21686=02 2.230c - 027 1 1 L
I busybox-1.18.0 7.120¢ + Oy | 6.789¢ + 00F 0426 =01 5.029¢ — 011 | 2.819¢ — 02 | 2.793¢ — 02§ 1 1 1
1 2.6.28 6-isel | 1.203¢ + 0f | 2838 + Ole | B.634c - 01 893 =00e| 3520c - 02 | 1.204¢ - 02w 1 1 I o o) 1
1 uClint-config 2375+ 0f | 2207 + 01 |BROZE=01" 4.735¢ — 01 | 25566020 270l — 02f SATV EA SATV EAT S d iﬂy ﬂc Hg ﬁu Jﬁ 48 / *u 8 7 / Hﬁ 1
| buildroot 1009+ 0f | 6.632 + 01w | B 202c — 01 [4G19e =0la| 3903 - 02 | 2855 =2 ! 1 a a rea E:I.IL ’J o o 1
1 [reetz 2.257e + 0 1. dgds-.&- iz 35le — 01 A560¢ ~ Ol | 1.082¢ — 02 2.820¢ — O2e : 1 1
1
' s ! BIEHVHNIGDiER Lt | BE—FRY EEEI=FH '
! * I ' BT M BEIET T . !
! 1
1
)\PaDtM;ESAT:mgmﬁuagD-: L
! ‘' = ‘=18 TR 1A =] I = N 8Zi
'SATVaEA g A A Sk % YT M
. a T oprea E T S | =A 1 TRE AYT74 = 1/ 7
1 kS 1 AB
{iFSATVaEA, BIZHHERERA. © #EBBIRNEA F!
1 ! AV 174 REJlo . ] N .
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KEMETIIES: FIXMBSATRESZSHFEAZHRE, REBTFHERSMAGIEISATRERE,
ISEERAN—IFTRa0EAEE, BIFRFE4IE3 (Novelty Search, NS)

BINEEEW

WEREP Z“ < SRR

ﬁiﬁ 3. ¢ — dProbSAT(p) . Algorithm 1 NS algorithm for SPL sampling

Input: archive size (N), execution time (maz_t), repair
probability (P,) and neighbor size (N3)

1. ¢ < null Output: archive A
1: Initialize the archive A by generating N configurations
in an unpredictable way as in [4]

2: while the elapsed time is less than maz_t do

2. for j— 1 to n do

3. If 8 i AMFIE AL R 5

5% 2. ¢ < DiverseSATSolving(p).

15. 45 c A~ 4T, Wiz B ProbSAT :RAFZS1EH ¢

16. return ¢

f£1%, MProbSAT (SLS3kEY) JJJJ_L_gl)\E':F, . (Quality-Diversity, QD) ffift
BE=ERER "W NHEREEMFZSHEE. %:ﬁ GEUEZERN—19X)

: P : |
1
: ! : ! |
1 1 |
| o | |
| . : |
1 1
1 1 1 \ :
: ! : ! |
' I X 1 3  Generate a random configuration ¢ :
! ' L4 e 1 | 4 ifcisnot valid then |
v 1. rerand(0,1)// 1} AT [0, 1] X [8) B HLEL : Lo ' A Tp— : Z if;'{“”fffo‘l) - P’élthe" bSAT solver [52] :
1 5 Iseif " ¥ i AEEGF B 2= it 1 : epair ¢ using the prol solver [5
E 2 if r< 1—P, do// P, k15 : i elseif ; MRFIE A2 P 3T A L e i
. S . X . ! G. C; 18 Replace ¢ by an unpredictable configuration got
i 3 c «— rSAT4I() /BlHLILA) SATAT SKf# 2% (CDCL K7 iJ) ' E ' fro]t)n the raxz,domizegl SAT4] solver . i
i ! v 1. else — Il - 1o end if |
1 4 else \ l X‘j ?J‘b *"J *J o\l 10 i |
| . dP1ob I RERE e s xery (IS [HradODSTop] | g sz q N v e a0l a0 :
' 3 ¢ < dProbSAT 12 WEFEYE ProbSAT K f#E 2% (SLS e ity ! ! 9 - -~ Rt Calculate the novelty score p(z) by Eq. (2) |
1 . . - i 1 1 13 end for '
! 6. end if ! ! 10 else p! ( ﬁ ﬂE | i 14 Cyoret ¢+ the worst member in A concerning the i
: 7. return ¢ : : pl ) ﬁ g : : " fmovelty score? / / l(’u,,,,.s, has the minimum novelty score :
1 . 111 c: — 0 1 . 15 if p(e) > p(€worst) then
: : : ’ ! EME{E : : 16: Cyorst < ¢ // Replace the worst archived member by ¢ :
I . s 112 i = 17: d if !
. SHMESATRER: LIFErRBAmMmESATRES, ! end it L | (Eadila |
» $ ' 1
E Eq:' SAT4J (CDCL glsil.I) ﬁﬂi‘j?k%ﬁ&it E i 13. endif E ! 19: return A J:
- \ SR LS == . [y ] : =
. FRRUBEHCIEXIESI SEHITIEILMRFHERS | | 14 end o . ERANSHZ, RTFRE-SHIE!
| | : |
I 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1

Mm%z, =5, T, 17855 E?%*iESATXﬁﬁ%*Daﬁaﬁ)ﬁ&Tﬁ?ﬁ’]ﬂ#f‘nn%ﬂﬂ H1HF TR, 2024, 35(6) 2821-2843.
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KEMETIIES: FIXMBSATRESZSHFEAZHRE, REBTFHERSMAGIEISATRERE,
| ISEERN—IFTRA0 B EE, ED?JT*JJIE EE (Novelty Search, NS)

- -] - -] a0
SW S_-I'
s a0 F
70
64 — (]
9 58 ] £ 60t =
= m 46
creen Med - 40 i — 40
T @, ! : - 28
| : 16 20 b
L_..I Basic || Color ” High resolution | I Camera | | MP3 |I s 6 10‘5 10
| - - o] 2
; ; . | ENE L . N1 ESH ENN BB ENN G
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( OpenHarmony

config COMPILER_GCC
bool "GCC®

config CROSS_COMPILE
string "GCC cross-compile toolchain prefix”
depends on COMPILER_GCC
default "arm-linux-ohoseabi-" if ARCH_ARM_AARCH3Z

config COMPILER_CLANG_LLWM

bool "Clang"

&2 deal. Il

=
# Fegture configuration:
=

set(DEAL_IT_WITH_CXX11 ON)
set(DEAL_IT_WITH_CXX14 ON)
set(DEAL_IT_WITH_CXX17 ON)
set(DEAL_IT_WITH_CXX20 ${DEAL_II_HAVE_CXX20})
set(DEAL_IT_WITH_THREADS OM)\n"
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EfRRI 1TV : Correlations between t-wise coverage and similarity-based sampling seem to be natural and intuitive but
. Hence, the insights presented by the

authors of the manuscript for the research community on sample-based SPL testing.

[TSE 2022] Yi Xiang, Han Huang*, Miqing Li, Sizhe Li, Xiaowei Yang*. Looking For Novelty in Search-based Software Product Line Testing.
IEEE Transactions on Software Engineering (TSE), 2022, 48(7): 2317-2338
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RIETIF2: SIAFRFAIEREE (Novelty Search, NS) BEILEE, iBIREIEFACNi AEIE
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SRR SN EIFSERS,

p(x) == dz.m,), (2)
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Algorithm 1. NS Algorithm for SPL Sampling

Input: archive size (IV), execution time (mawx_f), repair probabil-
ity (F,) and neighbor size (N})
Output: archive .4
1: Initialize the archive .4 by generating IV configurations in
an unpredictable way as in [4]
2: while the elapsed time is less than max-t do
3: Generate a random configuration ¢
4: if eis not valid then
5: if rand(0,1) < P, then
6
8

Repair ¢ using the probSAT solver [52]
else
Replace ¢ by an unpredictable configuration got from
the randomized SAT4] solver
9: end if
10: __end if

11: foreachz £ AU {e} do
12: Calculate the novelty score p(x) by Eq. (2)
13: end for

14: Cuwrst +— the worst member in .4 concerning the novelty
score / / Cuura has the minimum novelty score

15:  if p(e) = pleworst) then

16: Cuorst +— € /[ Replace the worst archived member by ¢

17- ol il

18: end while
19: return 4

[TSE 2022] Yi Xiang, Han Huang*, Miqing Li, Sizhe Li, Xiaowei Yang*. Looking For Novelty in Search-based Software Product Line Testing.

IEEE Transactions on Software Engineering (TSE), 2022, 48(7): 2317-2338
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TABLE 3
Average Rankings of the Algorithms Obtained by the Friedman
Test
Algorithm Ranking
NS - - - - - - - - _-_-739%5
GA 2.1935
SamplingDown 2.6677
Unpredictable 3.9452

. TABLE 4
Summary of A, Comparisons for Each Magnitude of the
Effect Size

I Large ES > 05 123 130 148 I
:_ ES <05 6 5 0 I
Medium ES =05 4 6 0

ES <05 2 3 0
Small ES =05 2 3 0

ES <05 6 1 3
Negligible / 12 7 4

$1E%2518,434)

1257
o 1001
7571

50t

Running time (s

25T

0

NS GA SD UP Smarch

Fig. 6. Average running time on small-scale FMs. ‘SD’ and ‘UP’ stand for
SamplingDown and Unpredictable, respectively.
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Fig. 7. T-wise coverage obtained by NS and Henard's GA, shown in
boxplots.
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Solving the t-Wise Coverage Maximum Problem via Effective
and Efficient Local Search-Based Sampling

CHUAN LUO and JIANPING SONG, School of Software, Beihang University, Betjing, China
QIYUAN ZHAQ, School of Computing, National University of Singapore, Singapore, Singapore

IEEE Fellow

Munich, Gr_'rm.im
LHE LCollege of Intelligence and Computing, Tianjin University, Tianjin, China
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challenge [110]}) for evaluating the scalability of L5-Sampling-FPlus. ;
empirical evaluations on the benchmark collection (which is collected
and specifically designed for measuring the fault detection capability) for expld
detection capability of L3-Sampling-Plus.

its state-of-the-art competiters— e eyperiments on the benchmark collection, Which'is
originally prepared H X_lang et al. [125] apd is designed for evaluating the fault detection
capability, demonstrate that T5-Sampling-Plus achieve considerably better fault detection
capability than all its competitors.

774,145, Furthermore, in order to assess the fault dete
a benchmark collection that is originally collected

S-Sampling-Plus, Weadapt
[His benchmark collection

b aiTty-=
Xiang et al. [125].

BINCGI SUN, Chair of Cyber-Physical Systems in Production Engineering, Technical University of Munich,

Sk (FH74) SIBHEHTTSE 2022 }

detection capability than its state-of-the-art competitors. In'fact(Xiang i:ta]. [1 25] havg already

prepared a benchmark collection for assessing the fault detection capabili N5 is adopted
as a main competitor in this work. Hence, we employ such benchmark mllectmn in this experiment.

experimetat-aption fault is expressed as a valid t-wise option combination. For each benchmark,
Kiang et al. [ 125] hae provided a set of t-option faults (2 < t = 6). According to the literature
[125] tiwese Toption faults are generated by a commonly used fault simulator [2, 6], which has

introduced by the literature [125). Because our experiments show that both uniform sampling and

Baital fail ite on the majority of the target benchmarks (ie., the benchmarks
co]lected@v Xiang et al. [125]: P Table 14 we do not present the results of uniform sampling and

Xiang FAFMEEMNNRNEFEHIEEREE 751X
Tgp{;f%\n 2024 ISR EN, RESCISTHEIE

Baranov et al. [9] ﬁrupnsed an ndnp_tive v;feighted s.a:_npling method called Baital, -
[125] presented a novelty search-based method named NS. Baital, NS, and PLEDGE represe
Eurrent state of the art in solving the r-wise CovMax problem. The evaluation results reported

Xiang FAREIINSHLZSBaital, PLEDGESERRZE
HREBIPMRLERIGE—E, BAINHBR t-wise &
AUEERIRTH (state-of-the-art) HiEZ—

[125] Yi Xiang, Han Huang. Miging Li, Sizhe Li, and Xiaowei Yang. 2022a. Looking for novelty in search-based software
product line testing. IEEE Transactions on Software Engineering 48, 7 (2022), 2317-2338.
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5.17 | SPLs Configuration

SPL configuration refers to the process of selecting and combin-
ing specific features or components from a SPL to create a cus-
tomized software product that meets specific requirements or
user preferences. It involves choosing the desired features, their
variations and their configurations to create a tailored software
solution. Diversity between SPL configurations is used in many
papers [32, 141, 148].

XiangF AN T{ERSPLECE MR PRARES
EEREIRRARELEZ—

148. Y. Xiang, H. Huang, M. Li, 5. Li, and X. Yang, “Looking for Novelty
in Search-Based Software Product Line Testing,” IEEE Transactions on

Software Engineering 1, no. 1 (2021): 1-1, https://doi.org/10.1109/TSE.
2021.3057853.
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. 1 Algorithm 1: N5SbS algorithm
ERLAOEER | - e (T

F:F% 1 z; Nz,

=5 +3 - (1 -4 ) )

He,

1
- :
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
rl—I]Li.I!l-I{TI:I:_},TI:J’.‘j 1} ' : :

1
! :
! 1
. . 1 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1

Input: ¢ (propositional formula), N (sample size)
Output: A (archived samples)

1 Initialize the archive A by generating N solutions to ¢
using the randomized SATAJ solver [25];

2 Initialize the distance matrix D = (d,; }i v 11y (v+1)
where d,, (i,7=1,...,N), as given in Eq. (3), is Lhe
distance between r, € 4 and =, € A:

3 For each r € A, calculate its novelt-_v score p(x) based

1 r ’ .
5= max{T (z;).T{xs)} TLIEJ +TLI_T:I = n,
L otherwise on Eq. (1);
4 while the termination condition is not met do
5
gﬁwﬂgSAT &kl o DiverseSATSolving(p). a {Cl e } — CTOSSOVET prl i pg];
Kfgse 1. r e rand (0. 1) /f r BfiF [0, 1] K (A8 BEHLEL 7 for ; ‘f_{ }ni iai‘;ﬂ o
2if r=1-p, do/l P hEGIEY : : )y
3 ” — 1SAT4T0) //BEHLALE SATAT F 58 (CDCL %7 9 if ¢, is invalid then
C i | d] a5 e g T4 _
_ I _ - 10 | Repair ¢, using the probSAT solver [5];
4 else 11 end
5. ¢+ dProbSAT (p) /£ Ff # ProbSAT A 85 (SLS 271 12 A +— updateAchive( A, ¢ );
6. end if 13 end
7. return ¢ 14 end

15 return .4

———————————————————————————————————————————————————————————————————— ————

[ICSE 2022] Yi Xiang, Han Huang*, Yuren Zhou, Sizhe Li, Chuan Luo, Qingwei Lin, Miqging Li, Xiaowei Yang*. Search-based Diverse Sampling from Real-world
Software Product Lines. In 44th International Conference on Software Engineering (ICSE'22), 2022, 1945-1957.

[EXFSHR2024] @58, =5, D) ||, MRS, ETSHMESATKARSFFEHE RV RENal, 2074777, 2024, DOI:10.13328/j.cnki.jos.006906
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Table 2: Time taken to sample a configuration (in

SEIGISME

milliseconds). timeout — one hour
FM MNSbS SAT-based DDbS Unigend3 Smarch
Irzip 2 1 13 <1 185
LILVM 2 <1 5 <1 110
X264 BT =<1 10 <1 151
Dune 2 =1 14 =1 163
BerkeleyDBC 148 <1 14 <1 165
HiPAcc 2 <1 99 5 3290
JHipster 10 <1 161 1 388
Polly 92 <1 400 1 373
T= 120 <1 1299 3 467
JavaSC 9 =1 TEO 1 a81
VP9 G <1 2412 2 306
fiasco_17_10 12 <1 timeout 15 3260
axTLS_2_1.4 G =1 timeout 12 805
finsco 93 1 timeout 20 8003
toybox 13 <1 timeout 7 7123
axtls 14 1 timeout 34 13515
uClibeng 1029 T <1 timeout 4681 4239
tovbox_0_7_5 T <1 timeout 231 3492
uClinux 61 2 timeout 258 39713
refd055 46 1 timeout tlmeout 37299
adderIl 49 1 timeout timeout 48508
ecos-lcsell 40 1 timeout timeout timeout
m5272c3 45 1 timeout tlmeout 43946
pati 46 1 timeout timeout 38404
olpce2204 51 1 timeout tlmeout 53046
integrator_arm9 G5 2 timeout tlmeout ATTHHG
atOlsamTsek 49 1 timeout timeout ARTTG
=eTTx8 70 2 timeout timeout timeout
phycore220x 49 1 timeout tlmeout G323
busybox-1.18.0 202 3 timeout timeout timeout
busybox_1_25_0 ar <1 timeout tlmeout 18087
embtoolkit 2306 35 timeout timeout timeout
freebsd-icsell 201 T timeout timeout timeout
uClhinux-config 206 7 timeout timeout timeout
buildroot 6916 21 timeout timeout timeout
freetz 16540 35 timeout timeout timeout
2.6.28.6-1c5ell 558 29 timeout timeout timeout
2.6.32 2var 36000 256 timeout timeout timeout
2.6.33.3 2var 36000 280 timeout timeout timeout

NSbS SAT-based DDbS

£30 £30 > £30
S0 220 =
10 10 T10
o L¥] o
2 2 2
@0 @ 0 @ 0

0 50 100 0 50 100 0 50 100
32 52 32
S 5 S )
21 21 =
g £ g
S0 2o =1

0 50 100 0 50 100 0 50 100

Selected features(#)

Difference

Unigen3
30 me %30
8
20 220
3
10 }ém
L
0 @ 0
0 50 100 0 50 100
2 33
5
1 £1
L L 5 MEL LTI
0 o
0 50 100 0 50 100

Figure 3: For configurations generated by each sampler on JHipster, the number of selected features and the
difference of this number between two successive configurations are shown in histograms.
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[ICSE 2022] Yi Xiang, Han Huang*, Yuren Zhou, Sizhe Li, Chuan Luo, Qingwei Lin, Miqging Li, Xiaowei Yang*. Search-based Diverse Sampling from Real-world
Software Product Lines. In 44th International Conference on Software Engineering (ICSE'22), 2022, 1945-1957.

[EXFSHR2024] @38, =5, D) ||, 7BRf5. BT SHMESATKESFFEHE AV R, £0/4# 7%, 2024, DOI:10.13328/j.cnki.jos.006906
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smtahle programs. Xiang et al. provide a novel approach to sample algorithm
configurations for large software product lines [34]. They use SAT solvers to find
an initial set of valid sample points (i.e., algorithm configurations) and a search
procedure that uses a distance metric to build a umiform sampling set incremen-
tally. The resulting samples are a reduced representation of the software product

/)(ia ng % A;iEEHj Hg%ﬁﬁiﬁ&ﬁ% line, enabling the'alc.)p]inm‘:iun‘ qf rtechniques such a.E Iupt':imizatiun pmcnedu.rjas‘ l:fr
i& i _I_ J: Eﬁ %ﬁbﬁ'ﬁ (“OVEI) H performance prediction. Jamshidi et al. proposed a concept to explore the space
* ' o

HixieMEERRRERETIELI
Mﬁﬂ%@ﬁﬂ?ﬁ B, FEINBEAZE® | . Xiang, Y., Huang, H., Zhou, Y., Li, S., Luo, C., Lin, ., Li, M., Yang, X.: Search-

: 1= = 1 based diverse sampling from real-world software product lines. In: 2022 IEEE/ACM
!&i‘%%ém‘?ggm*mﬁuhgﬂg& 43rd [nternatinna]PCoiFerence on Software Engi:.eeﬁng (ICSE). International Con-
Q‘I’fﬂ'lﬁ.l;ﬁg%lﬂiﬂﬂgﬁﬁ%o j ference on Software Engineering. Proceedings, IEEE (2022), not yet published as

of 04/02/2022
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Additionally, several studies proposed tool support for their specific approaches. They
used SAT solvers to generate configurations to satisfy the feature model constraints
which, in turn, reduces the configuration space to be tested (Henard ef al. 2013, 2014a,
b; Galindo et al. 2016; Hervieu et al. 2016; Souto and d° Amorim 2016; Fragal et al.
2019; Luthmann ef al. 2019a; Eneter et al. 2020; Xiang ef al. 2022). Using or imple-

/ . . menting a tool or toolkit to produce valid confisurations has been proposed by Ensan
Xlang %Azozz_) HgI1’E5 Dax:d et al. (2012), Al-Hajjaj1 et al. (2016). Arrieta ef al. (2016). Al-Hajjaji et al. (2019) and
BE“3V|dGS%EBﬁSPL$ﬁHWﬁq— Arrieta et al. (2019). For example, FeatureIDE has been used in studies by Al-Hajjaji

EAEETAR—E, W3 FIE E: ;1_4: imgﬂjim et 21_ {Eﬂlﬁj;ii]l;fzgsji ﬂral_ {22&2&13 ar:;tjnrieta et al. (2019); this
SAT RARSRLERL I BISHRIERILYE o penerate vl comfigueations manally md v
| EERAEERE, Py

Xiang ¥ Huang H, Zhou Y, Li 5, Luo C, Lin Q. Yang X (2022) Search-based diverse sampling from real-
world software product lines. In: ICSE™22, pp 1945-1957. hitps://dot.org/10.1145/3510003.3510033
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Input: FNL /b, ub
Termination conditions

MAP_ Elites | 11 . Step 1: Imitialization: For each cell.

generate an initial solution or a

Ny ! ] seed using either PLEDGE or
), ¢+ 11| SamplingCA

Repeat Steps 2-4 b “ L Jub

IﬁEggﬁgﬁE%
%&%ﬁ_*ﬁﬂ Yhe B, x" = arg 111}ax_ﬂxj _quﬁs [
s.t. b(x) = b, b: {Sil/1TAEE

— i ESHR
FHIES

i
! Step 2: Random selection
i Select randomly a solution .

' > 1
! from the grid
i

Ib — ub

IS TS | ,

100 y V i Step 3: Mutation: Use one of the following three mutation operators to

! generate a new solution. In test case addition and substitution, a new test |

95 i case 1s generated by PLEDGE ;
= 1

ISI={t06, tc?}
lf-.z—{tcz, tcs, tc?}
TS3_{1C|’ te,. te., lcg}

-4
L

AET

30}‘3:

-Wis \% 0
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o0
n

b ub Ib ub b ub
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Fig. 3. Overview of MAP-Elites for automated test suite generation.

[TOSEM 2023] Yi Xiang, Han Huang*, Sizhe Li, Miging Li, Chuan Luo, Xiaowei Yang*. Automated Test Suite Generation for Software Product Lines Based on Quality-Diversity Optimization, ACM
Transactions on Software Engineering and Methodology (TOSEM), 2023,33(2):46.1-46.52

[AUSE 2022] Yi Xiang, Xiaowei Yang*, Han Huang, Zhengxin Huang, Miging Li. Sampling Configurations From Software Product Lines Via Probability-aware Diversification and SAT Solving. Automated
Software Engineering (AUSE), 2022, 29(2):54.1-54.45
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Table 5. QD-Score for Pairwise Coverage Obtained by MAP-Elites, YASA, IncLing, and SamplingCA

MAP-Elites YASA A | MAP-Elites IncLing Az MAP-Elites SamplingCA Az
ZipMe F.306e + 02 4.682e + 02 il T.506e + 02 7.071e + 02w T 6.218e + 02 6.106€ + 02 Tl
BerkeleyDBFootprint 5.0%35e + 02 4.867e + 02e T G.063e + 02 3.844e + 02w H 5.926e + 02 5.844e + 02e Tl
Apache 6.145e + 02 5.862e = 0Z2e 11 6.172e + 02 5.979% + 2w Tl 6.093e + 02 5.97% + (2e T
argo-uml-spl 5.248e + 02 4.926e + 02e T G.248e + 02 6.0%2e + 0Ze H 6.172e + 02 6.092e + 02e Tl
LIVM T.088e + 02 6.516e + 02e 11 7.102e + 02 6.869e + 02w T 6.984¢ + 02 6.873e + 02e Tm
PKJab 5.395e + 02 5.136e =+ 0Ze Tl 5.395e + 02 5.305¢ + 02w T 6,325 + 02 6.316€ + 02 Ts
Curl D.764e + 02 0.482e + 02w T 1.476e + 03 l.454e + 03w T 9.632e + 02 D691 + 0Zo 1
Wiet 9.677e 4+ 02 0.22% + 02e 11 1.26% + 03 1.254e + 03w T 9.57% + 02 9.644e + 020 m
xlh4 1.444e + 03 1.342e + 05 11 1.845e + 03 1.821e + 03w Tl 1.327e + 03 1.347e + 030 1
BerkeleyDBC 1.813e + 03 1.753e + 03e T 2.013e + 03 1.9%4e + 03 r 1.686e + 03 1.72%¢ + 030 1
L 1.006e + 03 0.29% + 02e 11 1.108e + 03 1.101e + 03w T 1.079e + 03 1.097& + 030 m
Berkeley DBM emory 2.624e 4+ 03 2.550e <+ 03e 11 2.828e + 03 2_805e + 03w Tl 2.584e + 03 2.654e + 030 1
fame_dbms_fm 9,947 4+ 02 0.180e =+ 02w 11 1.593e + 03 1.581e + 03w 3 1.180e + 03 1.190¢ + 03c m
DesktopSearcher 8.175e + 02 7.408e + 02e 11 2.177e + 02 2.110e + 02« T 8.073e + 02 E.182¢e + 02a 1
CounterStrikeSFM B.008e + 02 7.938e + (2= 11 5.999¢ + 02 .904e + 02w 3 3.877e + 02 9.048e + 020 1
Berkeley DBP B.092e 4+ 02 7.567e + 02= 11 1.010e + 03 9.957e + 02w 3 9.022e + 02 9.088e + 020 m
LinkedList 1.377e 4+ 03 1.301e + (5= 11 1.875e + 03 1.878¢e 4+ 0350 I 1.354e + 03 1.388e + 030 1
SensorNetwork 1.073e + 03 1.011e + 03e 11 1.375e + 03 1.359¢ + 03w Tl 9.581e + 02 9.792e + 020 m
HiPAce 3.10%e 4+ 03 3.067e + 03a 11 3.715& + 03 3.711e + (3= Tm 2.951e + 03 3.043e + 030 m
SPLSSimuel ESPnP B.049¢ + 02 7.525¢ + 02e 11 1.604e + 03 1603 + 03= Is 9.878¢ + 02 1.003¢ + 032 1
TankWar 1.367e + 03 1.302e + 03e 11 1.568e + 03 1.568e + 3= ~n 1.260e + 03 1.28%¢ + 030 m
JavalGC 4,144 + 03 4.090¢ + (5 T 5.050e + 03 5.074e 4 030 I 4.004e + 03 4.115¢ + 03+ =
Pally 3.334e 4+ 03 3.256e + 05e i 3.53% + 03 3.550e 4 030 I 3.00% + 03 3.076e + 05« 5
[5Sample 8.632¢ + 03 B.725e 4+ 030 { 9.457e + 03 9.613e 4 030 I 8.508e + 03 B.B60e + 050 1
VP9 3.238e + 03 3.191e + 3= T 3.544e + 03 3.545e + 03+ 5 2.973e + 03 3.028e + 03+« 5
WebPortal 1.821e 4+ 03 1.729e + 03 11 2.421e + 03 2.450e 4+ 03c I 1.615e + 03 1.660e + 0530 m
JHipster 3.332e 4+ 03 3.161e + 03 11 4.627e + 03 4.653¢ + 030 I 3.312e + 03 3.397¢ + 030 1
Drrupal 1.162e + 03 1.116e + 3= 11 1.266e + 03 1.268e 4+ 030 I 1.245e + 03 1.275& + 030 1
SmiartHomev 2.2 1.544¢ + 03 1.460¢e + 03 11 1.745e + 03 1.755¢ 4 030 I 1.433¢ =03 1.466¢ + 030 m
VideoPlayer 1.081e + 03 9.96%9 4+ 02e 11 1.282e + 03 1.28%¢ + 030 I 1.269¢ + 03 1.289¢ + 030 m
Amazon B.6T4e + 03 9.842e + 030 i 9.814e + 03 P.946e + 030 I 9.674e + 03 9.927e + 030 1
ModelTransformation 2.983e 4+ 03 2.844e = 03e 11 3.190e + 03 3.214e + 03¢0 I 2.62%e + 03 2.674e + 030 m
CocheEcologico 8.507e + 03 B.479 =+ (3= 11 9.132e + 03 9.220¢ + 030 I 8.62% + 03 8.760e + 030 1
n3iMadell 1.094e + 03 0.976e + 02e 11 1.2%e + 03 1.2T6e + 03w T 1.083e + 03 1.101e + 030 1
n3iModelz 1.398e 4+ 03 1.315& + (3= 11 1.701e + 03 l.684e + 03w T 1.276e + 03 1.301& + 030 m
n3iMadel3 1.387e + 03 1.324e + 03 T 1.58%¢ + 03 1.577e + 03w T 1.176e + 03 1.199¢ + 03c m
n3iMadeld 1.482e + 03 1.413e + 03 T 2.180e + 03 2.171e + 03w r 1.55%e + 03 1.5%0¢ + 03c m
n30Models 1.004e + 03 0.513e + 0Ze 11 1.505e + 03 1.284¢ + 03w Tl 9. 844 + 02 1.014e + 050 m
n3iMadelé 1.115e + 03 1.085e + 03 T 1.514e + 03 1.508e + 03w r 1.196e + 03 1.21%¢ + 030 m
n3iMadel7 1.558¢e 4+ 03 1.488e + 03 11 2.060e + 03 2.067e 4+ 030 I 1.439e + 03 1.484e + 030 5
n30Models 1.003e + 03 0.014e + 02w 11 1.504e + 03 1.287e + 03w Tl 1.022e + 03 1.056e + 030 m
n3iModel? 1.376e + 03 1.337e + 03 T 1.678e + 03 1.6T4e + 03w Tm 1.241e + 03 1.29%3¢ + 030 m
n3iMadel10 1.367e 4+ 03 1.275e + 3= 11 1.771e + 03 1.758e + 03w T 1.286e + 03 1.334& + 030 m
n50Modell 9.301e + 02 8.752e + 02e 11 9511 + 02 9.28%¢ + 02w Tl 1.022e + 03 1.055 + 050 1
n5iMadel2 1.455e + 03 1.344e + 03 T 1.95%e + 03 1.962e 4 050 I 1.527e + 03 1.571e + 03« =
n50Madel3 1.454e + 03 1.3442 + 03 11 1.954e + 03 1.962e 4+ 030 I 1.534e + 03 1.571e + 03+ 5
n50Model4 1.830e + 03 1.744e + (5 11 2.551e + 03 2.543¢ 4 030 I 1.803e + 03 1.867e + 05« 5
n50Madel3 1.760e + 03 1.575e + 03 T 2.557e + 03 2.563¢ + 030 I 1.637e + 03 1.67% + 030 m
n50Models 2.057e 4+ 03 1.95% + 03 11 2.260e + 03 2.264e 4+ 03 5 1.840e + 03 1.884e + 030 m
n50Model7 2.435e + 03 2.255e + 05e i 2.642e 4+ 03 2.613¢ + (3w T 2.355e + 03 2.421e + 05« 5
n50Madeld l.666e + 03 1.632e + 03 T 2.263e + 03 2.276e + 030 I 1.746e + 03 1.792¢ + 030 =
n50Models 1.473e 4+ 03 1.417e + (5= i 1.676e + 03 1.67% + 0350 m 1.353e + 03 1.392e + 030 m
n50Model10 1.482e + 03 1.335e + 05 11 1.583e + 03 1.5T8e + 03w Tl 1.372e + 03 1.399 + 05« 5
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Fig. 14. A1z comparisons between MAP-Elites and three state-of-the-art f-wise testing tools.
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Fig. 20. The differences between the total time with and without using MAP-Elites.
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in the black-box testing environment, LO-TCP may fail. For

h i £ fault d i h example, SPL testing [12] is to test a family of related software
them in terms of average percentage fault detection. In another products that share a common set of features and functionalities.

study, Xiang et al. [181] developed a model for test suite genera- It is generally available to access the feature set rather than
tion of SPLs using quality-diversity optimization. Each test case the white-box code information. Motivated by these facts, in
. . . this article, we transter LO-TCP to SPL testing, which mainly
e represented = bmary s LElEs of n-features, and the fitness leverages test configuration coverage instead of code coverage.
function for test generation is guided by feature diversity that is Given a test suite, the test configuration coverage is relatively

calculated usiug antidice distance. easy to collect, because it is a static metric to measure test cases

that does not require to execute the tgst cases. This approach is
Xiang 2 A48Quality-Diversity{fttt3I iz BB 64k Bt

%I X Xiang B TfE 61, I8 T 1R PR A Tt
RIFSTTIE, BORBEIG P SRS S S AL testing) MEIBAR SR A Bt
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HAIBLO-TCPHLIEIZEESPL testingla IR TEE
181. Y. Xiang, H. Huang, S. Li, M. Li, C. Luo, and X. Yang, “Automated

B4 (Motivated) .,

Test Suite Generation for Software Product Lines Based on Quality- [12] Y. Xiang, H. Huang, S. Li, M. Li, C. Luo, and X. Yang, “Automated
. ) .. . - ) : : test suite generation for software product lines based on quality-diversity
Diversity Optimization,” ACM Transactions on Software Engineering optimization,” ACM Trans. Softw. Eng. Methodol.,vol. 33, no. 2, pp. 1-52,

and Methodology 33, no. 2 (2023): 1-52, https://doi.org/10.1145/3628158. 2023.
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select a set of representative test scenarios, and (2) how to assess
the effectiveness of a test scenario suite. In this paper, we leverage
variability modelling techniques to select scenarios from a scenario
space and assess the resulting scenario suites with a mutation score
as metric. We capture the scenario space in a feature model and
generate representative subsets with feature-interaction coverage
sampling| The mutation score assesses the failure-finding effec-
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configuration spaces of simulation tools. e b~ e g e
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— We show that FM sampling is suitable to scenario-based
ADAS testing by comparing coverage-based and random
sampling with expert strategies.

Simple_Crossing = Crossing_0bj ~ Crossing_Path
NCAP_AEB_CWN = ~Traffic
Rain = “Fog

------------------------------------------------------------- Figure 3: Example FM for scenario generation for AEB-system
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Abstract—Robotic  applications are often designed to be
rensable and confisurable. Sometimes. duoe to the different
supported software and hardware components, as well as the
different implemented robot capabilities, the total number of

possible configurations for a single system can be extremely large.

In these scenarios, understanding how different configurations
coexist and which components and capabilities are compatible
with each other is a significant time sink both for developers
and end wvsers alike. In this paper, we present a static analysis
tool, specifically designed for robotic software developed for the
Robot Operating System (ROS), that is capable of presenting
a graphical and interactive overview of the system’s runtime
variability, with the goal of simplifving the deployment of the
desired robot configuration.

ROS application and how it is often expressed. We found out
that variability management is a mostly manual and error-prone
process, both for developers and (perhaps more so) for users.
This served as motivation for us to develop a methodology and
tool where ROS applications are interpreted as SPLs.

TR A

=launch=
<arg name="

=znode name="control

R\ iti,

vel_topic"
<arg name="use_teleop"
zparam name="max_vel"

MiE it BRI TR

default="vel_cmd" /=
default="falze" />

type="double" value="0.8" /=
<include file="4$(find example)/launch/diagnostics.launch" /=
ler" pkg="robot_teleop" type="kb_teleop"

if="%${arg use_teleop)">

=zremap from="vel_

</node=

<pnode name="controll

type="laser_planner"

zremap from="vel_cmd"
=/node=
</launch=

Fig. 1
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Santos, A., Cunha, A., Macedo, N., Melo, S., & Pereira, R. (2022, December). Variability analysis for robot operating system applications. In 2022 Sixth IEEE
International Conference on Robotic Computing (IRC), (pp. 111-118). IEEE.
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Hainan Zhang,Yi Xlang et al. 2025 Behavior-Guided Two-Level QuaIlty—Dlver5|tyOpt|mlzatlon for UAV Test Case Generatlon IEEE Transactions on Software
Engineering, 2025
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=1 A 1A 2 ] Rank Score Final
SCIOIEUE Algorithm #0bst. Cs2 CS3 Cs4 CS5 CS6 Cs7 i oore e

# sCcore # sCore # score # sCore # sCore # sCore

TLQD g 54 E:JE E 19.72 7 1_4.91]' §4 10.77 2? 106.40 51 56.3§ 6 233,32 1 I
WOGAN-UAV 3 61 12.55 72 14.00 81 2.35 30 8.40 71 4.81 00 11.57 18 53.60 2
TUMB [1-4] 60 0.12 113 1559 135 7.12 114 2.73 151 15.32 125 11.12 22 52.00 3
CAMBA 2 36 11.84 30 8.50 33 0 11 3.l6 102 12.92 22 4.69 24 41.11 4
DeepHyperion 2 2 1.22 28 8.31 10 774 22 1.08 7 0 14 2.96 34 21.31 5
AmbieGen [1-4] 30 2.82 46 2.00 36 0.86 65 1.22 151 10.07 30 1.51 32 18.47 6
Surrealist 2 10 5.03 1 0 10 0 1 0.75 19 3.88 2 0 40 0.67 7
TALST [2-4] T 0.81 13 0 6 0.43 11 1.57 29 1.67 22 1.33 30 3.81 3
SUM 260 5054 341 6812 338 3340 297 2068 627 15507 356 80.56

m  TLQD o TUMB B DeepHyperion B Surcalist

= WOGAN-UAV ] CAMBIiA ] AmbieGen m TAIIST

FHRHTLQDEERFERERME (SPHIRBSE—) . ESZR(ESS CS6 1 CS7 REMAHEL, HESLYIE—2HZN , HE
ERIEEEAY CS2-CS5 {(ESSH{RAMRIFMS, BEMEEB(ISERERREMRE.
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KEEPkER1: FRIBIQMER

[RIGHSESSAER Z MIFG1E W Bl AP R A T AR S
—iGia, &% TCP FEEXERTLER, HLBW
IRBlE KA R

Open-source simulator for autonomous driving research.
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* Balanced strategic score

. 4 2 ' L - - .
(a) Test Scenarios (b) Representation Learning - "The Map (¢) Prioritization - 'The Compass'
Ccntr.ﬂ]_zr:d
24 — Strategic Score P
al . Latent
min . i space gmmmm———— efut _— 9lmrn """"" "
-\“'.._ . H . [
. . 4 ® ] exploration exploitation
| projection W .x\ . p /. |
min | max @ ! update 7
/ il e ° N : 5 State Space
) | 74 N - updatc PEEEEE
o/ |® e o TestCase | sme  GSGSES
X ‘,-' Permutation EEEnE
*1
S °
TCPFRER:
r:tmpe ;Eg*u :gi" I‘Ej _— High-dimensional _ Formulate RaDisP __ _— Optimization __ __ Non-myopic Search
S ] feature vector { Objeactive [Sec 3.1] { Slover [Sec3.2] { Algorithm [Sec 3.3]
Ty
¢ﬁ1j Hu EDE lti;gg * Vehicle status + Constrained trace ratio LDA \ * Alternating optimization * Sequential decision process T
+ Environmental parameters * Penalized K-means clustering Loop . | * Sub-problem solving * Risk-driven exploitation
* Obstacle/road informations * Case-wise structure sparsity \ * Convergence check + Non-myopic exploration

* Interpretable feature sparsity |

A SRR RIS HATHIRRIERRSUIRER

AR TR} :
88, ALl 25, BiE Eh, a2 SRR NS BeEene— | TCPREERRREIEFIIRE
B AENR S DEE L, ZEEFH M) MESE, SSENEESENEE | 318, EREENEEhRhTE
(ZL 2025 1 0497546.0) , #Z1Y 2025.07. HEERIRREL S EaitikiE=s

Yi Xiang, Shixuan Zhou, Jie Cao, Miqing Li, Moyixi Lei, Xiaowei Yang, and Han Huang. 2025. Non-myopic Search in a Risk-aware Latent Space for Test
Case Prioritization of Automated Driving Systems. ACM Trans. Softw. Eng. Methodol. 1, 1 (September 2025), 29 pages
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Dataset Dataset
L1 lA 5174 1 2
SERGSOIE oo —— = i
|
—— 2500 b e o Y S
0.8 —_— o N A ' g 2B0F—===
$ —— g 2000 F — = — | w?lraulu :&,_‘ i
_ = | 200 i
é 0.7 _?_ ﬁ 1500 F : % :
é I 3 : B 150 !
c I - I
& 0.6 E woor Jf i ED woEf----- :
E ! i ——NmS-TCP Z ! —— WmS-TCP
—_ TCP| ——Greedy-TCP | |
h + = - i == i —e
. N 1y L M L 5 L 5 i ls i ) L
0.4 % 1 2 3 4« s & 7 & o % 1 2 3 4 5
’ Q C? d& GQ K S d@ Test Exscution Cost {Seconds) =10% Test Execution Cost (Seconds) «10%
AN A «§
d‘S\' Q;?: Q?Qb ‘\6&‘,\ a@b‘; 0?'. Q_@(\b (a) Dataset, (b) Dataset;
)
Dataset Approach Prioritization Test Execution Total Time
Time (s) Time (s) seconds hours
Dataset NmS-TCP 2.858.0 280,399.0 283,257.9 78.7
(Large s-:;l ale) Greedy-TCP 1,882.4 528,851.0 530,733.4 147.4
(T get 2659 faults) GA-TCP 752.6 772,127.9 T72.880.5 214.7
arget: Random =0.0 881.514.3 881.514.3 244.9
Dataset NmS-TCP 4.2 19.044.7 19,048.9 5.3
(Small scz ale) Greedy-TCP 2.8 26,2731 26,275.9 7.3
(Target: 273 faults) GA-TCP 162.3 27.569.6 27,7319 7.7
arget: Random =0.0 49.653.5 49.653.5 13.8

EHEREMREAET, NmS-TCP{EDataset1LA30%A9MITHRMNEIM T
F{EDataset2fRiiNEI273MNfE, #BiIZGA-TCP5SGreedy-TCPAY

(2659/2849) wIEE, EBE(LFGreedy-TCPEI77.2%,
». ZHBIM T BTN R HIPRERERZRRIFERFEEEE,
FAY, NmS-TCPHJiE{TAtEITEDataset1§1Dataset2 L SRV AR E AN #
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