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def function(al, a2, a3, a4, .., alo)
1T a5 < 10:

if a7 > 300:

# faulty code

# triggered by interactions of a5 and a7/
else:



= 0 openssl / openssl ~ Q Type (/] to search

<> Code () Issues 994 {9 Pullrequests 563 & Agents &) Discussions () Actions [ Projects [OJ wiki @ Security and quality |

s_client seems not using client certificate when connecting via
proxy #2469/

© Closed

Assignees
ftasnetamot opened on Jun 21, 2024
No one as:
Tried with current debian based system OpenSSL 3.0.11 19 Sep 2023 (Library: OpenSSL 3.0.11 19 Sep 2023)
Labels
Connecting to FINAL-DESTINATION over proxy works perfect, as long, as the connection requires no client certificate. issue: bt
openssl s_client —-proxy PROXY:3128 -connect FINAL-DESTINATION:3128 results in no problem at all
. . - . . Type
However, using client certificate, the server claims a missing cert
No type
openssl s_client -proxy PROXY:3128 -cert public.cert -key private.pem -connect FINAL-DESTINATION:3128 |'_|;] Proi
CONNECTED(00000003) rojects
s_client: HTTP CONNECT failed, reason= 403 Forbidden No project
no peer certificate available .
o So | see: Bstone
No client certificate CA names ser |
—— e -proxy statement works st
SSL handshake has read 1448 bytes . . -
Verification: OK e -client certificate work lationst
T ) , e the combination of both does not work
New, (NONE), Cipher is (NONE) ne yet
Have | overseen something, or is this a bug?

https://github.com/openssl/openssl/issues/24697



https://github.com/openssl/openssl/issues/24697

ES Q moby / moby ~

() Issues 3.3k §9 Pullrequests 619 &> Agents  U)) Discussions () Actions [ Projects [J Wiki

28.0.1: network unavailable with iptables 1.8.11 and userland
proxy disabled #4966/

© Closed Bug

u:, le09800 opened on Mar 21, 2025 Last edited by 109800 ~

Description
If all the 3 conditions below are satisfied, docker container would have no access to the network.

iptables 1.8.11
docker daemon's userland proxy is disabled

multiple bridge networks are created (incl. those created by compose stacks)

P 0w

multiple containers span accoss multiple bridge networks

Reproduce

. build/install docker 28.0.1
. install

. ensure "userland-proxy": false added to /etc/docker/daemon.json

1

2

3

4. run docker
5. docker network create network-o
6

docker network create network-1

https://github.com/moby/moby/issues/49667

@ Security and quality

Q Type (/] to search

2

Assignee:

No one as

Labels

area/net

status/0

Type

Bug

Projects

Show 1 cl

Milestone

No milestc

Relationsl

None vet


https://github.com/moby/moby/issues/49667
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Test Model

strikethr double super sub small
strikethr : . all caps | hidden Parameters
ough ough script script caps

0 0 0 0 0 0 0
1 1 1 1 1 1 1

Value Domains

o IRAIFIENREITANS UL EEE

(e.g., input parameters, events, configurations)
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Test Generation
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Test Generation

strikethr double super sub small
ouah strikethr scfi) X <criot o all caps | hidden
2 ough X P P
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o FRMIAFE 27 = 128 MUABEA (BEEFIE 7 T2 NI EEEAES)
o WNRMFERH— 2-way combination ffi/&

o I8N (strikethrough = | & hidden = I)

o MEELMRAGEZZAS, FI120(1,0,0,0,0,0, 1)

o WMAEAEEMANZE. UM TSRV T EELR S
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Covering Array
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Covering Array

double

strikethr super sub small
ough

strikethr
ough

, : all caps hidden
script script caps

0 1 0 1 1 1 0
"""""" 1o 0 0 1 1 1
"""""" T 1 1 1 1 o0 0
""""""" 1 o o0 1 . 0 0 . 0
"""""" o 1 1 1 0 1 1
"""""" T 1 1 0o 0 1 0

£/ 7 MNABEBIESE 7 TS HHFE

2-way combinations (pairwise testing)

2-way
covering

array
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Covering Array

double

strikethr super sub small
ough
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array
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Covering Array

: double
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script script caps
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"""""" 1 o 0 0 1 1 1
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covering

array
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Covering Array
: double
stnke’;hr strikethr zzﬁei Sitrjibt sCr:aISI Al czps | dden
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0 1 0 | 1 1 1 0
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Covering Array

strikethr dc?uble super sub small :
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____________ e o v 1 1. covering

1 1 1 1 1 0 0 array
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BB

Covering Array

{FH t-way B =R 0] AR BN A SR FIR (especially for t = 2)

Covering array size increases logarithmically with the number of parameters k,
but exponentially with the coverage strength t.

34 switches
234= 1.7 x |00 inputs
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Empirical Evidence of the Interaction Rule

Cumulative proportion of faults for t = 1..6

1 B National Institute of

7/
- %,% ,% Standards and Technology
/ /7//7/ (NIST) B2 LGTA R

/// 11999~2004]
// /// : o 48 RZEN (70%~80%) HY
2 k = 9 IN
7§/// '/ Zf;'ifii E?féém .%|2@|aq
AL . MM HIEIEL NS
N - MBS 6
[ R R ——— R i LN E i S

cost-effectiveness HY17E3F
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NIST

Information Technology Laboratory

COMPUTER SECURITY RESOURCE CENTER

PROJECTS

Combinatorial Methods for Trust and Assurance Acts

f X in &

Overview

Combinatorial methods reduce costs for testing, and have important applications in software engineering:

« Combinatorial or t-way testing is a proven method for better testing at lower cost. The key insight underlying its effectiveness
resulted from a series of studies by NIST from 1999 to 2004. NIST
research showed that most software bugs and failures are caused

Cumulative proportion of faults for t = 1..6

/4/

by one or two parameters, with progressively fewer by three or
more, which means that combinatorial testing can provide more
efficient fault detection than conventional methods. Multiple
studies have shown fault detection equal to exhaustive testing
with a 20X to 700X reduction in test set size. New algorithms
compressing combinations into a small number of tests have
adaibismaihacdhaiisiisabianiagiistrial use, providing better

1 high assurance software

ification: Input space L — d e e f iy Y Gy

d in assurance and o o = i |

3, because current methods for assurance of safety critical systems rely on measures of
pply to many autonomous systems. Combinatorial methods, including a theorem relating

rr " . . e

Q = CSRC MENU

COMPUTER SECURITY
RESOURCE CENTER
CSRC

@ PROJECT LINKS

Overview
FAQs
Publications

ADDITIONAL PAGES

Quick start
Downloadable Tools
Fundamental background papers
Tutorials and Documentation
Combinatorial Methods in Testing

Why do Combinatorial Testing?

Event Sequence Testing

Case Studies
Assured autonomy - Al Safety and Security

Al-Enabled Systems

https://csrc.nist.gov/projects/automated-combinatorial-testing-for-software

D. Richard Kuhn
(now at Virginia Tech)

20


https://csrc.nist.gov/projects/automated-combinatorial-testing-for-software

2B A

Configuration Testing

Input Parameter Testing
Event Driven Software (GUI)
Software Product Line

Web Service Testing

Security Testing

App Testing

Big Data Application Testing
Al Testing

NEC ENERGY SOLUTIONS

LOCKHEED MARTIN ’ﬁ

NCRTEL

AL ED ED
FA\ipmw»

21



Software Product Line (SPL)

L3R5 ™ Ga%k Feature Model 8905
o YIAIMAREEET mPIEFVPEARMEEE HITNIN?

E-Shop

/\

Catalogue Payment Security Search

SO N

Bank transfer | | Credit card High Standard

¢ Mandatory /0\ Alternative
6 Optional /’\ Or

CreditCard implies High

Mandatory — child feature must be selected.

Optional — child feature can be selected or not selected.
Or — at least one of the sub-features must be selected.

Alternative (xor) — exactly one of the sub-features must be

selected.



Problem: unknown factors
causing failures of F-16 ventral fin

LANTIRN Pod
Location
Ventral Fin Ao04-14
Figure 1. LANTIRN pod carriage on the F-16.

A04-14639001
Figure 2. F-16 ventral fin damage on flight with LANTIRN



Can the problem factors be found efficiently?

Original solution: Lockheed Martin engineers spent many months with
wind tunnel tests and expert analysis to consider interactions that could
cause the problem

Combinatorial testing solution: modeling and simulation using ACTS

Aircraft 15, 40

Altitude 5k, 10k, 15k, 20k, 30k, 40k, 50k

hi-speed throttle, slow accel/dwell, L/R 5 deg
side slip, L/R 360 roll, R/L 5 deg side slip, Med
accel/dwell, R-L-R-L banking, Hi-speed to Low,
Maneuver 360 nose roll

W B e LY ] 40, 50, 60, 70, 80, 90, 100, 110, 120




COMPUTING PRACTICES

Introducing
Combinatorial
= lestinginalLarge
== (Organization

Jon D. Hagar and Thomas L. Wissink, Lockheed Martin

D. Richard Kuhn and Raghu N. Kacker, National Institute of Standards
and Technology



Test Design Techniques Presented

st ==

Specification-Based Structure-Based o Experience-Based
ISO/I EC/I EEE 29 I I 9 Techniques Techniques Techniques
(clause5.2) (clause5.3) 2 (clause5.4) |
r ) % !
Equivalence Partitioning Statement Testing Error Gue:
(clause5.2.1) (clause5.3.1) (clause>5.

Classification Tree Method
(clause5.2.2)

Branch Testing
(clause5.3.2)

BoundaryValue Analysis
(clause5.2.3)

DecisionTesting
(clause5.3.3)

r
Syntax Testing

(clause5.2.4)

Branch Condition Testing
(clause 5.3.4)

I S

1

' ' Combinatorial Branch Condition
Combinatorial Test . S
Test Techniques Combination Testing
' (clause5.2.5 (clause5.3.5
Techniques ‘ ) ‘ :
3 P _ [Modified Condition Decision
All Combinations Testing ;
(clause5.2.5.3) Coverage Testing
T (clause5.3.6)
r r
Pair-Wise Testing Data Flow Testing
(clause5.2.5.4) (clause5.3.7)
4 ™
Each Choice Testing All-DefinitionsTesting
(clause5.2.5.5) (clause5.3.7.2)
r
Base Choice Testing All-C-Uses Testing
(clause5.2.5.6) (clause5.3.7.3)

DecisionTable Testing
(clause5.2.6)

All-P-Uses Testing
(clause5.3.7.4)

Cause-Effect Graphing
(clause5.2.7)

All-Uses Testing
(clause5.3.7.5)

~A A A

B2 s - a5 v v omenn pnpaes N
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SEIRIT
Design of Experiment (DOE)

Genichi Taguchi

Ronald Fisher HOZ—
A Z A EZRSER, E T 1FRXZR (Orthogonal Array)
RIEREZ BN EER RIEFERENZSHEE
[1920s, s=E R M1 5] [1950s~1980s, HAFIZEE

V==t




IERRZ

Orthogonal Array

1

o -

]

5i(1<i<k)NTTREBRE

— 1 BIE v Level WBFRES

X TFEpER

EE t=2%, H

FTB BT BERY Level HEEBAINTE

yE]ias

ElE

A

LELRRE ST E

Lo(3%)

ERRE—TRNAN <k BFERE, 159 Lav(vh), BEimeal MEmR:

s

1

2

3

EZ=E A

E%= B

EZE C

E%= D
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Covering Array

LT ERRBREREITHS LI
MEIRE (B3NS EZ A= HA
FELERE), BERNEXRETA
a2 LY

+ EERENIETHETIIGH0ES

o NEIZEBVEBR/NVFI AN —HF
(Mixed Covering Array)

Test Model

1 1 1 1
2 ...................... 2 ............
2-way Covering Array
P1 P2 P3 P4
0 0 0 0
"""""" 10 1
"""""" o 1 . 0 2
"""""" 1.0 1 0
"""""" O 111
............ 1012
"""""" o . 1 2 0
"""""" 0 2 1
"""""" 0 2 2

30



Input condition
analysis techniques

~1967: Equivalence partitioning, i
Boundary value analysis i

...............................

1970: Cause Effect Graph
[Elmendorf]

Combinatorial techniques

r

History of Combinatorial Testing

/ Combination Table
[Satoh, Shimokawa)

(e}

1987: Test Case Design Support

*
System [Tatsumi]

2\
MR ey

G
(1983~)1985: Orthogonal Latin Squares

i

1950 19J60 19_'70 19.80 ‘8l5 19.90 ‘915 20PO ‘0:5 20}0
.................. ( 3  SUSE - ———-————————— o] o
‘E- (1957: Decision table) i (1983~)1984: Orthogonal array (199x~)2004: Orthogonal Array

(HAYST method)
[Akiyama(Fuji Xerox)]

G T o—O
1998: IPO 2007: FireEye 2009:ACTS
[Lei, Tai] (IPOG) [Lei, Kuhn]

[R. Mandl]

Y=

, O

| (198x~)1992: OATS

I [Brownlie, Prowse, Phadke]
I

- 2000: CTE XL
[Daimler Chrystler]

\

: T Q
| AT&T, Bellcore | ,“3(1990~)1994: CATS

(1976: Test Factor Analysis
Method) [Fujitsu]

[Sherwood]

S Q
992~)1994: AETG
[Cohen, et. al]

£ <
L-3(2000~ 12004: PICT
[Microsoft]

- —— =

1
|
1
1
|
. [ 2000: Covering arrays
I [Williams]
|
1
1
|
1
/

.
1988: Category-partition method
[Ostrand, Balcer

]

1993: Classification-tree method
[Grochtmann, Grimm]

(C) K. Tatsumi 2012

Keizo Tatsumi
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Variable Strength Covering Array

ETEAESNEE, BNTUNFEGRGHEREHN EEX

o BlE0, WARHSE 2-way Coverage
EE/_\ \ ol HAL 2 = l 1
RENAARENES P P2 P3 P4 P5 P&  P7

GBI 0 1 1 0 1 1 0
1 o o o 0o o 1
1 o 1 1 o 0
""""" o o 0 1 0 1 1 |
e o 0o 1 1
""""" o o 1 0 0 0 0 |
""""" o 0o 0 1 1 1 1
""""" o 1 0 0 1 1 0 |
1 o 1 o o o 1

3-way Coverage .
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Sequence Covering Array

ETHSEENEE, BMAIUAAEZRIITSNSEN "EER"

. GiEN, (BIENLE 3-way Sequence Covering Array

10,1, 2,3, 4} X5 1B Event1 Event2 Event3 Event4 Eventb5

AN —FPHEF 5 UM B T 3 4 2 0
(permutation of events) 0 i o2 a4 3

o BEZAEH t-way sequence 4 0 1 2 3
<0, 1>, <1, 0>, <0, 2> ... 3 2 1 0 | 4

<0,1,2>,<0,2, 1> ... 10 4 3 2

____________ T e e

............ e

____________ e S B e

____________ T e

____________ P S T R

..............................................................................................................................
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AE—PIRAA S BRREEEE &, NAWEN— P IUERE
INEY t-way BER

« —TIREEREBMENASERIER (KEf7015/4 FE NP-Hard)
o IR5| T REANFHRIMMTENRZFRNKE
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Charles Colbourn

Colbourn tables

Ulrike Gromping July 25, 2025

Purpose

This file gives access to a November 2024 status of Covering Array tables maintained by Charlie Colbourn (short: t
as those tables are no longer available to the public at their previous location (see references). In a few places (e.g.,
with v = 4 levels for more than 798 columns or for strength t = 6 with v = 2 levels for k = 30, ..., 72; not systematically checked for more
such instances), this file has more recent content than the latest wayback machine crawl of February 2025 at
https://web.archive.org/web/20250211193915/https://www.public.asu.edu/~ccolbou/src/tabby/catable.html, as the latest crawl dates for
linked individual tables are all earlier than February 2025. The one instance for t = 2, v = 10 with a crawl| date later than November 2024
(crawled in Dec 2024) has unchanged content.

Tables

There is a table for each combination of covering array strength t and number of levels per column (i.e., order) v. The table entries
indicate the largest number of columns k for a given run size N or the smallest runs size N required for a given number of columns N
based on a known construction, which is hinted at in the column headed “Source”. These tables are a replication of those by Colbourn,
as they were available recently (download in November 2024), but are not available at present.

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

2  t2v2 t2v3 t2v4 | t2v5  t2v6 @ t2v7  t2v8  t2v9  t2v10  t2v11 @ t2v12 @ t2v13 @ t2vi14 @ t2v15 @ t2v16

3 t3v2 t3v3 t3v4 t3vb t3v6 t3v/ t3v8 t3v9 t3vi0 t3v11 t3v1i2 t3vi3 t3vi4 t3v15 t3v16

4 t4v2 t4v3 t4ava t4v5 t4v6 t4av7 t4v8 t4v9 t4v10 t4v11 t4v12 t4v13 tdv14 t4v15 t4v16

5 tbv2 t5v3 tbv4 tbvb t5v6 tbv7 t5v8 t5v9 t5v10 t5v11 tbv12 t5v13 t5v14 t5v15 t5v16

https://github.com/ugroempi/CAs 35
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In-Parameter-Order (IPO)

1. Initialise a test set T to cover all combinations of the first ¢t parameters

2. Horizontally extend T to include a new parameter (assign parameter
values to cover the most uncovered t-way combinations)

3. Vertically extend T to cover the remaining f-way combinations

4. Repeat steps 2 and 3, until all --way combinations are covered

36



In-Parameter-Order (IPO)

Parameters Py, P2, P3, P4 with V, =V, ={0, I},and V3 = V4= {0, |, 2}
Suppose that we are going to generate a 2-way covering array

P P2

0 0
________ 01
1 ________ -
11 _________

First, initialise T to cover all combinations
of the first two parameters



0 0
........ S
BT S
B S

()
)

___________________________________________________________

___________________________________________________________

___________________________________________________________

___________________________________________________________

___________________________________________________________

___________________________________________________________

___________________________________________________________

___________________________________________________________

___________________________________________________________

___________________________________________________________

___________________________________________________________

N
N

In-Parameter-Order (IPO)

Next, add P3 into the

table, which includes |2

combinations that need to

be covered
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0 0
........ S
BT S
B S

___________________________________________________________

0 1
........ 02
1 ...................................... 0 ........
11 .........
1 ...................................... 2 ........
............................ 01
............................ 02
1 .................. 0 ........
11 .........
1 .................. 2 ........

In-Parameter-Order (IPO)

Next, add P3 into the

table, which includes |2

combinations that need to

be covered
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0 0
........ S
BT S
B S

___________________________________________________________

___________________________________________________________

0 2
1 0
1 1
1 2
0
0
1
1 .................. 2 ........

In-Parameter-Order (IPO)

Next, add P3 into the

table, which includes |2

combinations that need to

be covered
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0 0
........ S
BT N R
B S

___________________________________________________________

___________________________________________________________

___________________________________________________________

___________________________________________________________

___________________________________________________________

___________________________________________________________

___________________________________________________________

___________________________________________________________

___________________________________________________________

___________________________________________________________

___________________________________________________________

In-Parameter-Order (IPO)

Next, add P;3 into the
table, which includes 12
combinations that need to
be covered
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0 0
........ S
BT N R
BT S

___________________________________________________________

___________________________________________________________

________ O i
AR
o
2122

In-Parameter-Order (IPO)

Next, add P3 into the

table, which includes |2

combinations that need to

be covered
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0 0 0
________ S
B S
R )

___________________________________________________________

___________________________________________________________

___________________________________________________________

________ O i
AR
o
2122

In-Parameter-Order (IPO)

Next, add P;3 into the
table, which includes 12
combinations that need to
be covered
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0 0 0
________ S
B S
R )
________ e

-
-

___________________________________________________________

___________________________________________________________

___________________________________________________________

___________________________________________________________

___________________________________________________________

___________________________________________________________

___________________________________________________________

___________________________________________________________

___________________________________________________________

___________________________________________________________

___________________________________________________________

N
N

In-Parameter-Order (IPO)

For the remaining four
uncovered combinations,
add new test cases to
cover them

(vertical extension)
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0 0 0
________ T
e T
T -
________ B
T o

-
-

___________________________________________________________

___________________________________________________________

___________________________________________________________

___________________________________________________________

___________________________________________________________

___________________________________________________________

___________________________________________________________

___________________________________________________________

___________________________________________________________

___________________________________________________________

___________________________________________________________

RN
N

In-Parameter-Order (IPO)

For the remaining four
uncovered combinations,
add new test cases to
cover them

(vertical extension)
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In-Parameter-Order (IPO)

P, P, P P, Repeat the and
o 0 @0 | for each remaining
"""" o 1 1 . parameter, until a 2-way covering array
1 """" 0T R is produced
11 .................. —— A
........ 002
11 .................. A
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In-Parameter-Order (IPO)

P, P, P P, Repeat the and
o 0 @0 | for each remaining
"""" o 1 1 | parameter, until a 2-way covering array
1 """" 01 """""""""" is produced
11 .................. o
........ 002
11 .................. A

47



= ACTS - ACTS Main Window

System Edit Operations Help

E B B @ woorthm: os

Strength: 2 Status : A new test set is built.

System View ]

= [Root Node]
= B(SYSTEM-TCAS_WithIny
=i Cur_Vertical_Sep
e 299
-~ @ 300
- # 601
® -1
e -2
. High_Confidence
Two_of_Three_Repc
Own_Tracked_Alt
Other_Tracked_Alt
- Own_Tracked_Alt_R
Alt_Layer_Value
Up_Separation
Down_Separation
Other_RAC
Other_Capability
Climb_Inhibit
. Relations
Constraints

B e S Sl o et S s St 3

t=l Test Result 'h? Statistics

O O IN O [ (5 [W N e

[
—

Cur_Vertical_Sep High_Confidence Two_of_Three_Reports_Valid Own_Tracked_Alt Other_Tracked_Alt Own_Tracked_Al
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B ZS A E E V2R (highly configurable software)

Table 1: Comparing SamplingCA against AutoCCAG, FastCA and TCA on 20 selected instances.

Instances #Options #Constraints SamplingCA AutoCCAG FastCA TcA

min (avg) time min (avg) size time min (avg) time min (avg) time
adderII 1276 3206 101 (109.16) 33.37 166 (183.67) 1605.72 164 (183.82) 1266.56 203 (219.82) 948.99
at91sam7sek 1296 3921 98 (104.10) 32.96 154 (170.23) 1484.51 156 (170.25) 1482.87 187 (204.13) 958.29
busybox_1_28_0 998 962 54 (58.12) 11.57 95(111.18)  611.19 95(111.37)  567.30  125(137.77)  512.78
dreamcast 1252 3168 108 (113.52)  33.41  172(18847) 1589.67  172(188.75) 119518 199 (226.71)  918.31
e/t 1266 3816 103 (110.17) 32.87 163 (177.60) 1732.23 163 (177.60) 1543.14 200 (218.47) 937.28
ecos-icsell 1244 3146 103 (108.22) 31.04 260 (286.70) 1662.22 260 (287.23) 1962.32 328 (366.92) 927.75
embtoolkit 2128 15483 1107 (1119.48)  891.94 - () - - () - - () -
financial 771 7241 4421 (4433.91) 544.31 5292 (5351.01) 2951.96 5292 (5351.04) 2904.89 5293 (5352.04) 2743.31
freebsd-icsel1 1396 62183 116 (121.33) 43.94 164 (184.02) 3478.97 173 (188.62) 3552.38 211 (232.44) 2821.50
h8max 1202 3072 102 (108.07) 29.84 163 (182.41) 1496.94 164 (182.80) 1178.40 192 (219.10) 801.22
innovator 1256 50452 134 (140.95) 41.17 204 (225.73) 2454.67 206 (225.92) 2988.04 255 (270.43) 1556.81
integrator_arm9 1267 3939 116 (122.19) 36.94 197 (213.56) 2445.35 196 (213.70) 3143.44 233 (256.05) 1682.01
mpc50 1213 3728 96 (100.97)  28.20 141 (160.01) 1260.33  145(160.15) 1220.16 177 (193.85)  819.19
ocelot 1266 3141 103 (107.63) 32.19 163 (181.75) 1618.54 165 (181.87) 1274.91 198 (221.31) 926.08
pc_182544 1259 3179 106 (111.18) 33.15 169 (188.16) 1561.15 168 (188.65) 1189.46 204 (225.70) 940.95
ref4955 1218 3099 95 (102.02) 28.91 154 (168.99) 1548.75 155 (169.17) 1211.88 185 (202.64) 827.63
refidt334 1263 3140 108 (114.60) 34.47 173 (192.91) 1540.53 173 (193.23) 1324.82 217 (234.44) 985.29
se7751 1295 3254 113 (118.08) 36.94 182 (198.69) 1704.43 181 (198.72) 1396.61 213 (238.97) 1028.23
uClinux-config 11254 31637 63 (66.45) 1498.42 -(=) - -(-) - -(=) -
XSEngine 1260 3803 102 (107.95) 32.50 159 (177.14) 1537.39 161 (177.30) 1389.57 191 (214.61) 926.49

Luo C, Zhao Q, Cai S, et al. SamplingCA: effective and efficient sampling-based pairwise testing for highly configurable software systems.
ACM Joint European Software Engineering Conference and Symposium on the Foundations of Software Engineering. 2022: 1185-1197. 61
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TABLE II

RESULTS OF HSCA AND ITS COMPETITORS FOR 4-WISE AND 5-WISE CCAG ON ALL 5 REAL-WORLD INSTANCES AND 5 SYNTHETIC INSTANCES.

Instance HSCA AutoCCAG CAmpactor Sampling CA PRBOT-its

min. (avg.) time min. (avg.) time min. (avg.) time min. (avg.) time min. (avg.) time
t=4
apache 734 (736.5) 971.7 --(--) - - --(--) - - --(--) - - --(--) - -
bugzilla 166 (166.3) 444.6 167 (167.6) 390.3 171 (172.9) 867.6 272 (278.2) 50.4 195 (199.6) 601.3
gcc 340 (344.3) 969.5 --(--) - - --(--) - - --(--) - - --(--) - -
spins 308 (308.0; 105.7 308 (310.0; 81.2 344 (356.9; 354.0 454 (462.2; 7.2 390 (399.2; 963.6
spinv 1,091 (1,094.2 863.2 1,107 (1,111.4 760.0 --(-- - - --(- - - --(-- - -
Syn_2 624 (628.2) 920.9 676 (680.7) 950.7 --(--) - - --(--) - - --(--) - -
Syn_4 275 (276.6) 654.8 298 (299.3) 637.0 399 (405.6) 991.6 477 (482.6) 217.4 342 (348.3) 785.8
Syn_9 200 (200.0; 635.9 200 (200.0; 222.3 209 (211.5; 977.6 329 (334.9% 142.7 237 (242.0; 879.5
Syn_12 1,257 (1,262.5 967.6 --(-- - - --(-- - - --(- - - --(-- - -
Syn_18 1,840 (1,8455) 9927 G - YO B R I Y B
t=>5
apache 3,643 (3,702.8) 9,996.6 --(-9) - - --(--) - - --(--) - - --(-9) - -
bugzilla 555 (558.6) 6,747.6 559 (559.6) 7,905.7 741 (750.2) 9,947.6 856 (860.6) 2,467.5 660 (673.7) 9,452.1
gcc 1,403 (1,427.4) 9,983.7 --(--) - - --(--) - - --(--) - - --(--) - -
spins 1,174 51,174.03 184.1 1,174 51,174.0; 487.9 1,223 (1,232.32 9,831.9 1,519 (1,533.4; 198.4 1,294 (1,306.73 9,710.6
spinv 5,577 (5,586.2) 9,691.7 5,796 (5,847.0) 9,974.5 --(-- - - -- (- - - --(-- - -
Syn_2 2,810 (2,817.7) 9,530.3 --(--) - - --(--) - - --(--) - - --(--) - -
Syn_4 984 (990.2) 9,765.2 1,022 (1,025.7) 8,576.4 --(--) - - --(--) - - --(--) - -
Syn_9 662 (667.0; 8,556.7 665 (667.4; 7,720.6 - - g- -; - - - - E— -g - - - - E- -; - -
Syn_12 6,332 (6,360.6) 9,988.4 --(-- - - --(-- - - --(-- - - --(-- - -
Syn_18 10,821 (11,041.0) 9,998.3 --(-9 - - --(--) - - --(-9) - - --(-9) - -

Luo C, Lyu S, Wu W, et al. Towards high-strength combinatorial interaction testing for highly configurable software systems. International

Conference on Software Engineering (ICSE). 2025: 1579-1509.
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