Testing and Experimental Evaluation of VERDS
Version 1.30

1 Introduction

This document contains an experimental evaluation of verds version 1.30. There
are two parts of the evaluation: one is an experimental comparison of the TBD-
based boolean diagram model checking implemented in verds (version 1.30)!
with the BDD-based model checking implemented in NuSMV (version 2.5.0)%;
the other is an experimental comparison of the QBF-based bounded semantics
model checking implemented in verds with boolean diagram model checking
implemented in verds. The experimental evaluation is done on a Linux platform
with 128 GB memory. For convenience, the TBD-based boolean diagram model
checking implemented in verds is referred to as verds-bd , and the QBF-based
bounded semantics model checking implemented in verds is referred to as verds-
QBF. For convenience, the invocation of NuSMV with the option -dcx for not
generating counterexamples is referred to as NuSMV.

2 VERDS-BD versus NuSMV

This section contains an experimental comparison of verds-bd with NuSMV. The
comparison is based on two types of random boolean programs (with variable
number of global and local variables)?.

Brief Summary Comparing with the general BDD based symbolic model check-
ing algorithm implemented in NuSMV |, verds-bd has advantages in the evaluation
with both types of random programs combined with each of 24 properties: with
respect to the first type of programs, verds-bd has advantages in all 24 cases;
with respect to the second type of programs, verds-bd has advantages in 20 of
the 24 cases. Of the 48 subtypes, 4 involve only AG properties, comparing with
an ad hoc algorithm for handling AG properties implemented in NuSMV, verds-
bd has advantages in 3 of the 4 sets of cases, while NuSMV has advantages in
1 of the 4 cases. Moreover, in most cases where verds-bd has advantages, the
differences seem to yield a coefficient of an exponential factor in the number
of boolean variables (when testing a property with a set of models of different
sizes).

! http://lcs.ios.ac.cn/~zwh/verds/
2 http://nusmv.irst.itc.it/
3 http://lcs.ios.ac.cn/~zwh/verds/



2.1 Types of Random Programs and Types of Properties

Two sets of random programs and 24 properties are formulated for the experi-
mental evaluation.

Programs with Concurrent Processes The parameters of the first set of random
boolean programs are as follows:

: number of processes

: number of all variables

: number of share variables

: number of local variables in a process

Qo o

The shared variables are initially set to a random value in {0,1}, and the
local variables are initially set to 0. For each process, the shared variables and
the local variables are assigned the negation of a variable randomly chosen from
these variables.

Ezxamples An example of such programs in the input format of NuSMV is shown
in Figure 1 of Appendix A. The corresponding program in the input format of
verds (called verds verification model, or VVM for short) is shown in Figure 2
of Appendix A.

Programs with Concurrent Sequential Processes The parameters of the second
set of random boolean programs are as follows, in addition to a, b, ¢, d specified
above.

t: number of transitions in a process
p: number of parallel assignments in each transition

Besides the b boolean variables, for each process, there is a local variable
representing program locations, with e possible values. The shared variables are
initially set to a random value in {0, 1}, and the local variables are initially set to
0. For each transition of a process, p pairs of shared variables and local variables
are randomly chosen among the shared variables and the local variables, such
that the first element of such a pair is assigned the negation of the second
element of the pair. Transitions are numbered from 0 to ¢ — 1, and are executed
consecutively, and when the end of the sequence of the transitions is reached, it
loops back to the execution of the transition numbered 0.

Ezxamples An example of such programs in the input format of NuSMYV is
shown in Figure 3 of Appendix A. The corresponding program in VVM is shown
in Figure 4 of Appendix A.



Types of Properties 24 properties are formulated for testing. The properties
involve AG, AF properties and properties specified with different combinations
of the operators with one or two levels of nesting (with two levels of nesting
when AX or EX is involved). Properties pg; to pi2 are shown as follows, in
which v; are global variables. Properties p13 to poy are similar to pg; to p12 with
the difference of A and \/ replaced by respectively V and A.

Po1 : AG(Vi—y vi)

Po2 : AF (Vi vi)

Pos AG(”Ul — AF(”UQ A V§=3 Ul))
Po4 AG(’Ul — EF(’UQ AN V::S Uz))
Pos - EG(Ul — AF(UQ N \/523 ’Ui))
pos :  EG(vi — EF(va A\i_5v;))
Pov A(U1 U A(Ug U V;::S ’Ui)

Pos A(U1 U E(Ug U \/523 ’Ui)

Po9 A(’U1 U A(Ug R \/?:3 ’Ui)

P10 A(’Ul U E(’Ug R \/523 7)1‘)

P11 ¢ A(AX’Ul RAX A(’Ug U \/::3 Ui)
P12 A(EX’Ul REX E(’UQ U V§=3 ’Ui)

2.2 Experimental Data for Two Selected Properties

For brevity, we chose to present the experimental data for two properties for each
type of the random programs. The two properties are selected by looking at the
one NuSMYV performs relatively best, and at the one verds-bd performs rela-
tively best, with respect to the ratios of the average times of their performance
on the 20 test cases. Additional details are presented in Appendix B.

For the programs with concurrent processes, we let b vary over the set of
values {12,24,36}, a = 3, ¢ = b/2, and d = ¢/a. For the programs with concur-
rent sequential processes,we let b vary over the set of values {12, 16,20}, a = 2,
c=0b/2,t=c, p=4, and d = c¢/a. Each of the 20 properties is tested on 20 test
cases for each value of b.

The data are shown as follows, in which the numbers represent times in
seconds. The left part of the table is the data obtained using the command
“NuSMV -dcx filename” . The right part of the table is the data obtained using
the command “verds filename”.



’model/property\ mein\ max\ aveerin\ max\ averH ratio‘
1/p11(12| 0.0 0.0/ 0.0|| 0.0 0.1 0.0{ 0.83
24|l 0.5| 20.4| 4.6|| 0.3] 33.6| 5.0 0.92
36((29.4/1038.1]326.0|{11.7{1028.7|175.7|| 1.86
1/po2|12[[ 0.0[ 0.0] 0.0[[ 0.0 0.0] 0.0] 4.21
24|l 0.4| 15.7] 3.8/|| 0.0 0.1 0.1} 61.43
36|(26.1] 945.7]282.3|| 0.2 2.6] 0.8]|356.56

2/pi|12] 0.1] 0.6 02[ 0.1] 5.8 2.0 0.11
16/ 0.8 7.4/ 2.7/ 0.5 107.9| 16.3|| 0.16
20(11.1] 192.0| 62.8|| 2.7| 644.7/176.4|| 0.36
2/po2|12|[ 0.1] 0.2] 0.1] 0.0 0.0] 0.0] 4.09
16/ 0.7 37| 1.8|| 0.1 0.1] 0.1] 15.78
20( 9.2 82.1| 37.8|| 0.4| 0.8 0.6| 65.20

Let 7(b,4) be the time for verification of the i-th (i € {1,...,20}) test case
with b variables, and let It.aver and rt.aver denote the aver value in respectively
the left part and the right part of the table. The explanation of the meaning of
different columns of the data is as follows.

) = minlgiggo T(i, b)
) = maxlgiggo T(i, b)

aver(b) = 219‘90 7(i,0)/20

The 4 properties are true in respectively 13, 60, 47, and 60 cases and false in
respectively 47, 0, 13, and 0 cases.

2.3 On AG Properties

Properties pp; and pi3 are of the form AGvy. As AG properties are a very im-
portant type of properties that is simple and may be handle by specialized tech-
niques, we have also compared verds-bd with an ad hoc algorithm implemented
in NuSMV, using the command “NuSMV -AG -dcx filename”. The experimental
data for pg; and py3 are as follows.



’model/property\ mein\ max\ aveerin\ max\averH ratio‘
1/po1|12]| 0.0] 0.0[ 0.0{ 0.0 0.0 0.0 0.97
24(| 0.3| 14.0| 3.4} 0.1| 19.2| 3.2|| 1.06
36|(24.5(865.2|247.4|| 7.8|249.4|89.4| 2.77
1/p13|12{| 0.0 0.0 0.0{| 0.0 0.0 0.0 2.76
24| 0.3] 14.6] 3.5|| 0.0] 0.3] 0.1} 36.63
36|(24.5(872.3|253.4|| 0.2| 3.0| 1.1}|232.70

2/po1(12|| 0.0 0.1| 0.1} 0.0| 0.0 0.0 2.50
16} 0.3 1.1} 0.7|] 0.1 62.110.5|| 0.06
20|l 2.4| 10.2| 5.6|| 0.4/450.8|31.4|| 0.18
2/py3(12|| 0.0 0.1| 0.1 0.0 0.1 0.1|] 1.10
16} 0.3] 1.1} 0.7 0.2| 0.5 0.3|| 2.36
20|l 2.4| 10.2| 5.7} 1.2| 2.7| 1.8|| 3.18

The first 6 lines are data for the first type of programs and the last 6 lines are
data for the second type of programs. The 4 properties are true in respectively
0, 0, 6, and 0 cases and false in respectively 60, 60, 54, and 60 cases. “NuSMV
-AG -dcx” performs better in one of the four cases in this comparison.

2.4 Summary

Two types of programs are tested. One is programs with concurrent processes
and the other programs with concurrent sequential processes. The experimen-
tal evaluation shows that the plain implementation of boolean diagram model
checking has clear advantages over the BDD based symbolic model checking im-
plemented in NuSMV, a well known model checking tool [1]. Although NuSMV
has advantages in 4 of 24 cases with the second type of random programs, the
advantages decrease when the size of the problem increases. On the other hand,
in most cases where verds-bd has advantages, the differences seem to yield a
coefficient of an exponential factor in the number of boolean variables (when
testing a property with a set of models of different sizes). 4 of the 48 proper-
ties are AG properties, comparing with an ad hoc algorithm for handling AG
properties implemented in NuSMV, verds-bd has advantages in 3 of the 4 sets
of cases, while NuSMV has advantages in 1 of the 4 cases.

Note: The implementation of boolean diagram model checking is a plain one
in the sense that there are no cone of influence reduction, no use of partitioned
transition relation, and no use of sophisticated relational product computation
(the implemented computation is straightforward: first conjunction and then
abstraction). It is expected that the integration of the aforementioned techniques
[2] will greatly increase the efficiency of boolean diagram model checking.

Note: The contents of the input files to the two tools verds and NuSMV are
syntactically different. To minimize the possible disturbance of the efficiency
caused by the difference, we have ensured that the variables in the respective
files are defined in the same order.



3 VERDS-QBF versus VERDS-BD

This section contains an experimental comparison of verds-QBF with verds—bd.
The comparison is based on the same types of random boolean programs as those
presented in the previous section.

Brief Summary Based on the test cases, the experimental evaluation shows that
the bounded semantics model checking does not have advantage in verifying any
of the properties that start with AG. On the other hand, the bounded semantics
model checking has advantages in various degrees, ranging from a few percent-
age to a large percentage of test cases in different sets of test cases, with respect
to the other verification and falsification problems (including falsification of AG
properties). In summary, the bounded semantics model checking has advantage
in more than 50 percent of the test cases, which are well distributed among
verification and falsification of universal properties. In this sense, bounded se-
mantics model checking and boolean diagram model checking may be considered
complementary with their own advantages.

3.1 Experimental Data

For the programs with concurrent processes, we let b vary over the set of values
{12,24,36}, a = 3, ¢ = b/2, and d = c/a. For the programs with concurrent
sequential processes,we let b vary over the set of values {12,16,20}, a = 2,
c=0b/2,t=c, p=4, and d = ¢/a. Each of the 20 properties is tested on 20 test
cases for each value of b.

For brevity, for each type of programs and each type of properties, a summary
of the experimental data is presented as follows, where N is the number of test
cases, T is the number of test cases in which the property is true, F' is the
number of test cases in which the property is false, adv is the number of cases
in which verds-QBF has an advantage. The table on the top is the experimental
data for the first type of programs, and the table on the bottom is that for
the second type of programs. The experimental data are obtained using the
command “verds -QBF filename”for bounded semantics model checking with
verds-QBF and using the command “verds filename” for boolean diagram model
checking with verds—bd. Additional details are presented in Appendix C.



property|ladv/T|adv/F adv/N
ot [58/60]  58/60
poz| 56/60 | 56/60
pos|| 0/3|33/57 33/60
pos| 0760 - 0/60
pos| 39/53]  1/7|  40/60
pos| 20760 | 29/60
por| 58760 | 58/60
pos| 57760 | 57/60
pooll 47/52| 6/8| 53760
P1ol|| 57/60 - 57/60
pu|| 13/13]43/47]  56/60
p12|| 59/60 - 59/60
P13 [59/60]  59/60
pual  3/3|34/57  37/60
pis| 0/8/33/52]  33/60
pis|| 0/60 - 0/60
pir| 37/56| 1/4]  38/60
pis| 27/60, | 27/60
po|  4/5/47/55] 51760
par|  3/3|52/57]  55/60
paol|  3/353/57|  56/60
o3 -[60/60]  60/60
paa| 23/3110/20| 33760
sum 1049/1440
poi|| 0/53] 2/7 2/60
poz| 60760 | 60/60
pos|| 0710/ 2/50 2/60
pos| 0760 - 0/60
pos|| 4/46] 0/14 4/60
pos| 1/60] - 1/60
poz| 60760 | 60/60
pos| 60760 | 60/60
pooll 36/54] 0/6]  36/60
pol 52760 | 52/60
pui| 33/47] 3/13]  36/60
p12|| 50/60 - 50/60
P13 -1 60/60 60/60
pual|  4/4] 1/56 5/60
pis|l 0/10] 4/50 4/60
pis|| 0/60 - 0/60
pur| 4/48| 0/12 4/60
ps| 1760 - 1/60
po|  8/8/44/52]  52/60
pio| 13/18] 28/42|  41/60
porll  4/4|50/56]  54/60
pos|  4/4)48/56]  52/60
o3 [59/60]  59/60
paa|| 9/16|34/44 43/60
sum 738/1440




Summary Two types of programs are tested. Based on the test cases, the
experimental evaluation shows that the bounded semantics model checking does
not have advantage in verifying any of the properties that start with AG. On
the other hand, the bounded verification has advantage in various degrees with
respect to the other verification and falsification problems (including falsification
of AG properties).

Note The evaluation of the bounded semantics model checking uses verds for
comparison, instead of the well known symbolic model checker NuSMV [1],
since verds is generally more efficient with respect to the test cases.

Note The efficiency also depends very much on the QBF-solving techniques.
External QBF-solvers may be used to increase the efficiency of the verification.
For ACTL formulas, special considerations are possible [3], and the use of SAT-
solving techniques may be more efficient for this kind of problems.
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A Examples of SMV and VVM Programs

Examples of SMV programs and VVM programs are presented. The contents are
as follows:

Random concurrent processes A random SMV program with 6 global variables,
3 processes and 2 local variables for each of the processes, and the corresponding
VVM program;

Random concurrent sequential processes A random SMV program with 6 global
variables, 2 processes and 4 local variables (of which 3 are boolean variables) for
each of the processes, and the corresponding VVM program.

MODULE main

VAR vl:boolean; v2:boolean; v3:boolean;
v4:boolean; v5:boolean; v6:boolean;
v7:boolean; v8:boolean;
pl:process plt(vi,v2,v3,v4,v5,v6);
p2:process p2t(vl,v2,v3,v4,v5,v6);

ASSIGN init(v1l):=1; init(v2):=0; init(v3):=1;
init(v4):=1; init(v5):=1; init(v6):=1;
init(v7):=0; init(v8):=0;
next(vl) :=!v5; next(v2):=!v6; next(v3):=!v4;
next (v4) :='v4; next(vb):=!v7; next(v6):=!v3;
next (v7):=!v1l; next(v8):=!vl;

SPEC  AG((vi=1|v2=1|v3=1|v4=1]|v5=1|v6=1))

MODULE pit(v1,v2,v3,v4,v5,v6)

VAR v9:boolean; v10:boolean;

ASSIGN init(v9):=0; init(v10):=0;
next(vl) :=1v6; next(v2):=!v3; next(v3):=!v4;
next(v4) :='v10; next(v5):=!v3; next(v6):=!v3;
next(v9) :=!v10; next(v10):=!vl;

MODULE p2t(v1,v2,v3,v4,v5,v6)

VAR vlil:boolean; v12:boolean;

ASSIGN init(v11l):=0; init(v12):=0;
next(vl) :='v3; next(v2):=!v6; next(v3):=!v12;
next(v4) :=1v2; next(v5):=!'v5; next(v6):=1v3;
next(vil):=!v1l; next(v12):=!v5;

Fig. 1. A Program with Concurrent Processes



VVM
VAR
INIT
PROC

SPEC

MODULE
VAR
INIT
TRANS

MODULE
VAR
INIT
TRANS

MODULE
VAR
INIT
TRANS

v1:(0..1); v2:(0..1); v3:(0..1); v4:(0..1); v5:(0..1); v6:(0.

vl=1; v2=0; v3=1; vé4=1; vb=1; v6=1;
pO:pOt(vi,v2,v3,v4,v5,v6);

pl:pit(vi,v2,v3,v4,v5,v6); p2:p2t(vl,v2,v3,v4,v5,v6);
AG((vi=1|v2=1|v3=1]|v4=1|v5=1|v6=1))

pot(vl,v2,v3,v4,v5,v6)

v7:(0..1); v8:(0..1);

v7=0; v8=0;

TRUE: (v1,v2,v3,v4,v5,v6,v7,v8):=
(1-v5,1-v6,1-v4,1-v4,1-v7,1-v3,1-v1,1-v1);

plt(vl,v2,v3,v4,v5,v6)

v9:(0..1); v10:(0..1);

v9=0; v10=0;

TRUE: (v1,v2,v3,v4,v5,v6,v9,v10):=
(1-v6,1-v3,1-v4,1-v10,1-v3,1-v3,1-v10,1-v1);

p2t(vl,v2,v3,v4,v5,v6)

v11:(0..1); v12:(0..1);

v11=0; v12=0;

TRUE: (v1,v2,v3,v4,v5,v6,vil,vi2):=
(1-v3,1-v6,1-v12,1-v2,1-v5,1-v3,1-v11,1-v5);

Fig. 2. A Program with Concurrent Processes in VVM

1)



MODULE main
VAR vl:boolean; v2:boolean; v3:boolean;
v4:boolean; v5:boolean; v6:boolean;
cp:{c0,c1,c2,c3,c4,cb}; v7:boolean; v8:boolean; v9:boolean;
pl:process plt(vi,v2,v3,v4,v5,v6);
ASSIGN init(v1l):=1; init(v2):=0; init(v3):=1;
init(v4):=1; init(v5):=1; init(v6):=1;
init(cp) :=c0; init(v7):=0; init(v8):=0; init(v9):=0;
next (cp) :=case cp=c0:cl; cp=cl:c2;
cp=c2:c3; cp=c3:c4; cp=c4:c5; cp=cb:c0; esac;
next(vl) :=case cp=c0:!v9; cp=c3:!v6; cp=cb:!v8; 1:vl; esac;
next(v2) :=case cp=c0:!v4; cp=c3:!v9; 1:v2; esac;
next(v3) :=case cp=c2:!v6; cp=c3:!v8; cp=c4:!vl; 1:v3; esac;
next(v4) :=case cp=cl:!v8; cp=c2:!v2; cp=c4:!v5; 1:v4; esac;
next (vb) :=case cp=c0:!v8; cp=cl:!v2;
cp=c2:!v8; cp=c3:!v7; 1:v5; esac;
next (v6) :=case cp=cl:!vl; cp=cb:!v4; 1:v6; esac;
next (v7) :=case cp=c0:!v6; cp=c2:!vl;
cp=c4:!v6; cp=cb:!v3; 1:v7; esac;
next (v8) :=case cp=c4:!v9; 1:v8; esac;
next(v9) :=case cp=cl:!v7; cp=ch:!v2; 1:v9; esac;
SPEC AG((vi=1|v2=1|v3=1|v4=1|v5=1|v6=1))

MODULE pit(v1,v2,v3,v4,v5,v6)
VAR cp:{c0,c1,c2,c3,c4,cb}; v10:boolean; vil:boolean; vl12:boolean;
ASSIGN init(cp):=cO; init(v10):=0; init(v11):=0; init(v12):=0;
next (cp) :=case cp=c0:cl; cp=cl:c2;
cp=c2:c3; cp=c3:c4; cp=c4:c5; cp=cb:c0; esac;
next(vl) :=case cp=c0:!v4; cp=c2:!vll; cp=cb:!vil; 1:vl; esac;
next(v2) :=case cp=c4:!v3; 1:v2; esac;
next(v3) :=case cp=c0:!v2; cp=cl:!vil;
cp=c2:!v4; cp=cb:!v2; 1:v3; esac;
next(v4) :=case cp=c3:!v3; 1:v4; esac;
next (vb) :=case cp=cl:!vl; cp=c2:!v10; 1:v5; esac;
next (v6) :=case cp=c2:!v2; cp=cd:!vl; cp=cb:!v4; 1:v6; esac;
next(v10) :=case cp=c0:!vll; cp=cl:!v6;
cp=c3:!v6; cp=c4:!v5; 1:v10; esac;
next(vll) :=case cp=c3:!v5; cp=c4:!v12; 1:v11l; esac;
next(v12) :=case cp=c0:!v6; cp=cl:!v2;
cp=c3:!vl; cp=c5:!v5; 1:v12; esac;

Fig. 3. A Program with Concurrent Sequential Processes



VVM

VAR v1:(0..1); v2:(0..1); v3:(0..1); v4:(0..1); v5:(0..1); v6:(0..

INIT vi=1; v2=0; v3=1; v4=1; vb=1; v6=1;
PROC  pO:pOt(vi,v2,v3,v4,v5,v6); pl:plt(vl,v2,v3,v4,v5,v6);
SPEC  AG((vi=1]|v2=1|v3=1]|v4=1|v5=1|v6=1))

MODULE pOt(v1,v2,v3,v4,v5,v6)

VAR cp:{c0,c1,c2,c3,c4,cb}; v7:(0..1); v8:(0..1); v9:(0..1);

INIT cp=c0; v7=0; v8=0; v9=0;

TRANS cp=c0: (v2,v7,v5,vl,cp):=(1-v4,1-v6,1-v8,1-v9,cl);
cp=cl: (v9,v5,v6,v4,cp) :=(1-v7,1-v2,1-v1,1-v8,c2);
cp=c2: (v5,v7,v3,v4,cp):=(1-v8,1-v1,1-v6,1-v2,c3);
cp=c3: (v2,v1,v5,v3,cp):=(1-v9,1-v6,1-v7,1-v8,c4);
cp=c4: (v4,v3,v7,v8,cp):=(1-v5,1-v1,1-v6,1-v9,c5);
cp=cb: (v6,v7,v9,vl,cp):=(1-v4,1-v3,1-v2,1-v8,c0);

MODULE pit(v1,v2,v3,v4,v5,v6)

VAR cp:{c0,c1,c2,c3,c4,cb}; v10:(0..1); v11:(0..1); v12:(0..1);

INIT cp=c0; v10=0; v11=0; v12=0;

TRANS cp=c0: (v1,v3,v12,v10,cp):=(1-v4,1-v2,1-v6,1-v1il,cl);
cp=cl: (v3,v12,v10,v5,cp) :=(1-v11,1-v2,1-v6,1-v1,c2);
cp=c2: (v5,v3,v1,v6,cp):=(1-v10,1-v4,1-v11,1-v2,c3);
cp=c3: (v4,v12,v11,v10,cp):=(1-v3,1-v1,1-v5,1-v6,c4);
cp=c4: (v2,v10,v11,v6,cp):=(1-v3,1-v5,1-v12,1-v1,c5);
cp=c5: (v12,v1,v3,v6,cp):=(1-v5,1-v11l,1-v2,1-v4,c0);

Fig. 4. A Program with Concurrent Sequential Processes in VVM



B Details of Experimental Evaluation I

This section contain experimental data with 2 types of random boolean programs:
programs with concurrent processes and programs with concurrent sequential pro-
cesses. Experimental data for each type of programs are further divided into a
summary of the experimental data for all the 20 test cases, and experimental data
that distinguish between models that satisfy a property and models that do not
satisfy a property.

B.1 Programs with Concurrent Processes

For the programs with concurrent processes, we let b vary over the set of values
{12,24,36}, a = 3, ¢ = b/2, and by locating each process with the same number of
local variables, we obtain d = (b — ¢)/a = c¢/a. Each property is tested on 20 test
cases for each b € {12,24,36}. The details are shown as follows.



DPo1

DPo2

Pos

Po4

DPos

DPoe

Po7

Pos

b|| min aver|ratio
12{| 0.0 0.0[ 1.18
24|l 0.4 3.2| 1.35
361|127.8 89.4| 3.31
b|[ min ratio
12{| 0.0 4.21
24| 0.4 61.43
361/126.1 356.56
b|| min aver|ratio
12{| 0.0 0.0/ 0.79
24| 0.4 2.5(1.82
361(28.5 80.6| 4.16
b|| min ratio
12|[ 0.0 2.83
24|| 0.5 25.64
361|126.3 155.84
b|| min aver|ratio
12{| 0.0 0.0[ 1.19
24| 0.4 1.4| 3.08
361(26.7 36.0] 9.61
b|[ min ratio
12{| 0.0 2.29
24| 0.4 23.08
361/129.3 142.83
b|[ min ratio
12{| 0.0 3.78
24|l 0.4 53.20
361|125.9 337.55
b|| min ratio
12|| 0.0 2.85
24|l 0.4 35.02
361(|127.4 242.75




DPoo

P1o

P11

P12

P13

D14

Pis

P16

b||min| max| aver| min aver|ratio
12{| 0.0 0.0 0.0]| 0.0 0.0[ 1.33
24|| 0.4| 19.4| 4.3} 0.0 3.7| 1.16
36(|26.3|1023.8(296.4|| 0.3 71.2| 4.16
b||min| max| aver|min aver| ratio
12|| 0.0 0.0 0.0]| 0.0 0.0 297
24| 0.4| 17.9| 4.1} 0.0 0.1 35.90
36(|29.6{1129.0(332.9|| 0.3 1.3|250.32
b|min| max| aver||min| max| aver|ratio
12|| 0.0 0.0 0.0/] 0.0 0.0] 0.83
24( 0.5 20.4| 4.6/ 0.3 5.0( 0.92
36((29.4{1038.1|326.0(|11.7|1028.7|175.7| 1.86
b||min| max| aver||min|max|aver| ratio
12{| 0.0 0.0] 0.0f 0.0 0.0 1.77
24|l 0.4 16.2| 4.0{| 0.1 0.2| 19.29
36((30.2{955.2|1312.7|| 0.5 2.4(129.73
b||min| max| aver||min|max|aver| ratio
12{| 0.0 0.0{ 0.0f 0.0 0.0 3.21
24|l 0.4 15.4| 4.0|| 0.0 0.1 41.99
36((26.9(923.4|285.1|| 0.2 1.1261.79
b||min| max| aver| min aver| ratio
12| 0.0 0.0 0.0]| 0.0 0.0 3.22
24|l 0.4| 16.8| 4.0} 0.0 0.1 39.86
36(|27.2{1046.8|311.0{| 0.2 1.2(264.51
b||min| max| aver|min aver|ratio
12{| 0.0 0.0 0.0]| 0.0 0.0[ 0.75
24|| 0.4| 20.0| 4.5] 0.2 2.5) 1.81
36(|29.91303.9(340.1|| 1.8 72.4| 4.69
b||min| max| aver||min|max|aver| ratio
12{| 0.0 0.0{ 0.0f 0.0 0.0 2.71
24|l 0.4 15.9| 4.0|| 0.0 0.2| 26.50
36((26.9932.9|282.9|| 0.3 1.9(152.17




D17

P18

P19

D20

P21

D22

D23

P24

b|{min| max| aver||min| max|aver|ratio
12{| 0.0 0.0 0.0]| 0.0/ 0.0] 0.0|1.36
24|l 0.5| 19.9| 4.3]| 0.1 8.5 1.4| 3.09
36(|29.1{1305.9|348.2|| 0.9/201.1{40.4| 8.61
b||min| max| aver||min|max|aver| ratio
12|| 0.0 0.0] 0.0{| 0.0f 0.0] 0.0] 2.34
24|l 0.4 16.6/ 4.0|| 0.1| 0.9 0.2| 23.02
361|128.3(975.7(304.6(| 0.3|/10.9| 2.1|142.03
b||min| max| aver|min|max|aver| ratio
12{| 0.0 0.0 0.0]| 0.0/ 0.0/ 0.0f 2.73
24|l 0.4| 18.3| 4.2]| 0.0] 0.5 0.1| 30.78
36(|31.6{1077.6/352.7|| 0.3| 5.6| 1.6(226.68
b|{min| max| aver||min| max|aver|ratio
12|| 0.0 0.0] 0.0|| 0.0f 0.0 0.0|1.27
24|| 0.5| 18.4| 4.4} 0.0| 33.6| 3.8 1.17
36(|28.5{1014.0(321.7|| 0.3|677.0{73.0| 4.41
b||min| max| aver|min|max|aver| ratio
12{| 0.0 0.0 0.0]] 0.0/ 0.0/ 0.0f 2.66
24|l 0.5| 17.0| 4.2{| 0.0] 0.5 0.1| 30.63
36((30.2{1007.1(328.9(| 0.3| 4.8| 1.5|217.00
b||min| max| aver|min|max|aver| ratio
12{| 0.0 0.0 0.0]] 0.0/ 0.0/ 0.0f 3.29
24|l 0.5| 16.2| 4.0|| 0.0] 0.3] 0.1| 39.10
36(|28.2{1115.0(343.5|| 0.2| 3.2| 1.2(291.63
b||min| max| aver|min|max|aver| ratio
12{| 0.0 0.0 0.0]| 0.0/ 0.0/ 0.0f 1.58
24|l 0.5| 17.5| 4.2]| 0.1] 1.1] 0.2| 18.34
36/((31.5{1239.3|363.4|| 0.5/13.0| 2.6/140.28

b||min| max| aver|min| max|aver|ratio
12|| 0.0 0.0] 0.0{] 0.0 0.1 0.0/ 0.87
24| 0.4 17.4| 4.3|| 0.1| 38.8| 4.5/ 0.95
36((27.61964.1|299.9|| 0.5/695.7|83.2| 3.60




Separating Data for Correct and Incorrect Models The experimental data are
further divided into two groups for those test models that are true and for those
models that are false, with respect to each of the properties. For each property, there
are two tables, the first table is the experimental data obtained for the models that
are evaluated to true, and the second table is the experimental data obtained for
the models that are evaluated to false. The number in the leftmost column is the
number of true (respectively false) models among the 20 models for each value of
b.



DPo1

DPo1

Po2

Po2

DPo3

DPo3

Po4

Po4

min|max

aver ||min|max

aver||ratio

o o olH

min| max

aver

min| ma

X |aver||ratio

20
20

0.0, 0.0
0.4] 184

20|(27.8]986.3

0.0
4.3

295.9

0.0, 0.
0.1} 19.

7.8|249.

0| 0.0f 1.18
2| 3.2\ 1.35
4/89.4| 3.31

T| min| max

aver

min|max

aver|| ratio

20
20

0.0, 0.0
0.4| 15.7
20((26.1]945.7

0.0
3.8
282.3

0.0/ 0.0
0.0/ 0.1
0.2] 2.6

0.0 4.21
0.1)| 61.43
0.8//356.56

min|max

aver||min|max

aver||ratio

o oo™

min|max

aver ||min|max

aver||ratio

o~ |

0.0] 0.0
14| 14

0.0
1.4

0.0| 0.0
0.6/ 0.6

0.0/ 2.80
0.6/ 2.35

F|| min

max| aver

min| max|aver||ratio

18
19

0.0
0.4
20|(28.5

0.0, 0.0
19.9| 4.7
1226.8|335.6

0.2 12
2.2|1383

0.0, 0.

1| 0.0{| 0.74
9] 2.6|| 1.81
.0/80.6|| 4.16

T| min| max

aver

min|max

aver|| ratio

20
20

0.0, 0.0
0.5 15.7
20((26.3924.6

0.0
3.8
280.9

0.0/ 0.0
0.0] 0.7
0.3| 8.5

0.0 2.83
0.1|| 25.64
1.8{155.84

min|max

aver||min|max

aver||ratio

o oo™




DPos

T| min| max| aver|min| max|aver||ratio

16} 0.0 0.0/ 0.0{| 0.0/ 0.0{ 0.0f 1.33
18|| 0.4| 18.9| 4.4\ 0.1} 8.1| 1.5} 2.97
191126.7|1231.3|358.9|| 0.8|142.0|37.8]| 9.49

DPos

min| max| aver||min|max|aver|| ratio
0.0 0.0] 0.0|f 0.0] 0.0{ 0.0]| 0.88
2.2 2.4 2.3}| 0.2] 0.3] 0.3|| 8.68
102.4|102.4(102.4|| 2.0| 2.0| 2.0{/52.01

— o | ™

Pos

T| min| max| aver|imin|max|aver|| ratio
20|| 0.0f 0.0/ 0.0{] 0.0/ 0.0] 0.0 2.29
20( 0.4] 16.4| 4.0{| 0.0/ 0.9] 0.2|] 23.08
20((29.3(970.8/300.5|| 0.3/10.8| 2.1{|142.83

Poe

min|max|aver||min|max|aver||ratio

o oo™
1
1
1
1
1
1
1

DPor

T|| min| max| aver|min|max|aver|| ratio
20|| 0.0f 0.0/ 0.0{] 0.0/ 0.0] 0.0 3.78
20( 0.4] 16.0] 3.9{| 0.0/ 0.2| 0.1{] 53.20
20((25.9(982.9(297.3|| 0.2| 2.8| 0.9(|337.55

Dot

min|max|aver||min|max|aver||ratio

oo ol™
1
1
1
1
1
1
1

Pos

T | min| max| aver|imin|max|aver|| ratio
20|| 0.0f 0.0/ 0.0{] 0.0/ 0.0] 0.0 2.85
20( 0.4] 16.1] 3.9{| 0.0/ 0.4| 0.1}] 35.02
20(|27.4]956.2|300.2(| 0.3| 3.4| 1.2{|242.75

Pos

min|max|aver||min|max|aver||ratio

o oo™
1
1
1
1
1
1
1




DPoo

T| min| max| aver|min| max|aver||ratio
14|| 0.0 0.0 0.0/] 0.0 0.0] 0.0f 1.65
18|| 0.4| 15.6f 3.5|| 0.0] 17.3| 2.2|| 1.64
20((26.3(1023.8|296.4|| 0.3|674.6|71.2|| 4.16

DPo9

min|max|aver||min|max|aver||ratio
0.0 0.0| 0.0]| 0.0] 0.0{ 0.0/| 0.93
2.8/19.4|11.1|| 1.4]34.0{17.7|| 0.63

o o™

Pb1o

T||min| max| aver|min|max|aver| ratio
20{| 0.0 0.0 0.0]| 0.0/ 0.0 0.0ff 2.97
20|| 0.4| 17.9| 4.1|| 0.0] 0.4] 0.1f 35.90
20(|29.6(1129.0(332.9|| 0.3| 4.2] 1.3(|250.32

P1o

min|max|aver||min|max|aver||ratio

o oo™
1
1
1
1
1
1
1

P11

min| max| aver| min| max|aver|/ratio
. 0.0 0.0/| 0.0f 0.0f 0.0{| 0.90
0.5| 20.4| 6.0|| 0.3] 25.1] 5.2(| 1.16
123.9|455.1|239.9((12.5|182.1|72.5(| 3.31

w 1 w|H
o
=)

P11

F|{min| max| aver||min| max| aver||ratio

17} 0.0 0.0, 0.0|| 0.0 0.1 0.0} 0.82
13]| 0.6| 17.4| 3.8|| 0.3] 33.6] 4.9 0.78
17(/129.4(1038.1(341.2||11.7]1028.7{193.9{| 1.76

P12

T | min| max| aver|imin|max|aver|| ratio
20|| 0.0 0.0/ 0.0|] 0.0/ 0.0| 0.0 1.77
20( 0.4] 16.2| 4.0{| 0.1| 0.9 0.2|] 19.29
20(/30.2(955.2|312.7|| 0.511.3| 2.4{{129.73

P12

min|max|aver||min|max|aver||ratio

o oo™
1
1
1
1
1
1
1




P13

T'||min|max|aver|/min|max|aver||ratio
0 _ _ _ _ _ _ _
0 _ _ _ _ _ _ _
0 - - - - - - -
D13
F||min| max| aver|imin/max|aver|| ratio
20|| 0.0f 0.0/ 0.0{| 0.0/ 0.0] 0.0ff 3.21
20|| 0.4 15.4| 4.0{| 0.0/ 0.3| 0.1 41.99
20(/26.9(923.4|285.1| 0.2 3.0| 1.1{{261.79
P14
T||min|max|aver| min|max|aver|| ratio
2|| 0.0] 0.0{ 0.0}l 0.0] 0.0{ 0.0|| 3.43
1|| 3.8| 3.8| 3.8|| 0.2| 0.2 0.2{|24.31
0 _ _ _ _ _ _ _
P14
F||min| max| aver||min/max|aver|| ratio
18| 0.0 0.0 0.0]| 0.0/ 0.0| 0.0ff 3.20
19|| 0.4 16.8| 4.0|| 0.0] 0.3| 0.1|] 41.17
20((27.2{1046.8|311.0{| 0.2 3.4| 1.2|[264.51
D15
T|| min| max| aver||min|max|aver|| ratio
5/| 0.0 0.0/ 0.0|| 0.0/ 0.0/ 0.0f 2.57
2 1.3 2.9] 2.1|] 0.2| 0.6] 0.4]| 5.15
1({435.2|435.2|435.2{|10.8|10.8|10.8{|40.31
D15
F||min| max| aver||min| max|aver|ratio
15f 0.0 0.0 0.0]| 0.0/ 0.1 0.0/] 0.66
18{| 0.4| 20.0] 4.8 0.3 13.0| 2.7{| 1.75
19{/29.9(1303.9(335.1|| 1.8({378.8|75.7|| 4.43
P16
T | min| max| aver|imin|max|aver|| ratio
20|| 0.0f 0.0/ 0.0{] 0.0/ 0.0] 0.0f 2.71
20( 0.4] 15.9] 4.0{| 0.0/ 0.7] 0.2||] 26.50
20(/26.9(932.9|282.9(| 0.3| 8.5| 1.9||152.17
P16

min|max|aver||min|max|aver||ratio

o oo™
1
1
1
1
1
1
1




D17

D17

Pbis

P18

P19
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P20

P20

min

max| aver
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max|aver||ratio

19
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0.0
0.5
29.1

0.0, 0.0
19.9] 4.5
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0.0
0.1
0.9

0.0| 0.0{ 1.35
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0.0
16.6
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0.1
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0.9 0.2

10.9| 2.1}|142.03
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23.02
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max|aver||ratio

o oo™
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0.0
0.4
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0.0
18.3

0.0
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0.0
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0.3

0.01 0.0
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31.68
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aver
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0.4

0.0/ 0.0{| 1.28
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3.6
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max| aver
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max|aver

ratio

14

16

0.0
0.5

28.5

0.0 0.0
18.4f 3.9
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310.8

0.0
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0.3

0.0 0.0
33.6| 3.3
677.0{65.4
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4.75
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aver|| ratio

o~ ol H
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18
19
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0.0
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0.0
17.0

30.2{1007.1

0.0
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4.8

0.0 2.59
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min|max

aver||min

max

aver|| ratio

o~ | H

0.0/ 0.0
3.6/ 3.6

0.0
3.6
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0.2
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0.2 0.2{|22.29
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max|aver|| ratio

18
19
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0.0
0.5

0.0
16.2

28.2|1115.0

0.0
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0.0
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0.2

0.0
0.3
3.2
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min|max
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o o o|lH

min
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aver|| ratio

20
20
20

0.0
0.5
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0.0
17.5
1239.3

0.0
4.2
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0.0
0.1
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0.0
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13.0

0.0l 1.58
0.2|| 18.34
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max

aver||ratio

0.0 0.0

1.1

11.8
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0.0
3.9
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0.0
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5.9

0.0
19.6
370.7

0.0/ 0.89
3.8/ 1.03
103.4| 3.00
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aver||ratio
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0.0
0.4
27.6

0.0
17.4
964.1
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0.0
0.1
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0.1
38.8
695.7

0.0/ 0.80
5.3(| 0.89
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B.2 Programs with Concurrent Sequential Processes

For the programs with concurrent sequential processes,we let b vary over the set of
values {12,16,20}, a =2, ¢ =b/2, e =¢, f =4, and d = (b — ¢)/a = ¢/a. Each
property is tested on 20 test cases for each b € {12,16,20}. The details are shown
as follows.



DPo1

b||min|max|aver||min| max|aver|ratio
12{| 0.1] 0.2| 0.1]] 0.0] 0.0 0.0|4.33
16|| 0.6] 7.8| 2.6|| 0.1] 62.1|10.5| 0.25
20| 8.9/79.1|37.4(| 0.4]450.8|31.4| 1.19

DPo2

b||min|{max|aver| /min|max|aver| ratio
12{| 0.1] 0.2| 0.1|] 0.0] 0.0 0.0| 4.09
16{| 0.7] 3.7| 1.8|| 0.1] 0.1] 0.1|15.78
20| 9.2|82.1|37.8|| 0.4] 0.8] 0.6|65.20

Pos

b||min| max| aver||min| max| aver|ratio

12|| 0.1 0.8 04| 1.1 7.8 2.9]0.12
16]| 1.2| 14.0f 6.0|| 9.7| 84.8| 28.0] 0.21
20((20.3]1028.9|256.0{|49.5|840.5|270.5| 0.95

Po4

b||min| max|aver| min|max|aver|ratio
12|| 0.1 0.4 0.2} 0.5/ 1.3] 0.8/ 0.23
16{| 0.9| 5.4 2.7|| 1.8/ 7.0| 4.0] 0.68
20((13.8{150.1|61.1{|20.6|88.3|45.1| 1.36

DPos

b||min| max| aver||min| max| aver|ratio

12| 0.1 0.7 0.3| 0.5 5.2/ 2.3/0.14
16} 1.7) 29.8| 8.7|| 6.7 52.2| 19.0| 0.46
20|(83.9]2429.2|534.5(|27.0|349.9|147.5| 3.62

DPoe

b||min| max|aver| min|max|aver|ratio
12|| 0.1 0.4 0.2|| 0.6/ 1.4| 0.9] 0.22
16{| 1.0| 7.9] 3.6|| 1.9| 7.4| 4.2]| 0.87
20(/19.4]215.4|88.5((21.8|83.8(47.2| 1.87

Po7

b||min|max|aver||min|max|aver| ratio
12{| 0.1] 0.3| 0.1|] 0.0] 0.2] 0.1| 2.28
16{| 0.7] 3.7 1.8|| 0.1] 0.2 0.2(11.78
20| 9.2|83.2|137.9(| 0.4] 0.9] 0.7|55.69

Pos

b||min| max|aver| /min|max|aver| ratio
12{| 0.1/ 0.3| 0.2]| 0.1] 0.2| 0.1] 1.30
16|| 0.8| 6.0| 2.7|| 0.3| 0.6| 0.4| 7.10
20((14.9({149.2|65.6(| 1.4| 3.3| 2.2{29.50
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Separating Data for Correct and Incorrect Models The experimental data are
further divided into two groups for those test models that are true and for those
models that are false, with respect to each of the properties.
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B.3 Summary

The experimental data for b = 36 for the first type of programs and b = 20 for the
second type of programs are summarized in the following two tables. The tables
show that the ratio vary from 1.86 to 356.86 for the first type of programs and
from 0.36 to 65.20 for the second type of programs. In the latter case, NuSMV has
advantage in 4 of the 24 cases.



min| max| aver||min| max| aver| ratio
Po1||27.8| 986.3|295.9|| 7.8| 249.4| 89.4] 3.31
Po2(|26.1| 945.7|282.3|| 0.2 2.6| 0.8]356.56
Pos3||28.5[1226.8|335.6|| 2.2| 383.0| 80.6] 4.16
Poal||26.3] 924.6|280.9|| 0.3 8.5| 1.8]155.84
Pos||26.7|1231.3|346.1|| 0.8 142.0| 36.0] 9.61
po6(|29.3] 970.8|300.5|| 0.3| 10.8| 2.1]{142.83
Ppo7||25.9] 982.9|297.3|| 0.2 2.8] 0.9/337.55
pos||27.4| 956.2|300.2|| 0.3 3.4 1.2|242.75
P09 ||26.3[1023.8]|296.4|| 0.3| 674.6| 71.2| 4.16
P10(/29.6{1129.0|332.9|| 0.3 4.2|  1.3|250.32
p11/|29.4|1038.1|326.0|[11.7|1028.7|175.7| 1.86
p12(|30.2] 955.2|312.7|| 0.5 11.3| 2.4]129.73
p13(|26.9] 923.4|285.1|| 0.2 3.0 1.1]261.79
P14||27.2|1046.8|311.0|| 0.2 3.4 1.2]|264.51
p15(/129.9(1303.9|340.1|| 1.8 378.8| 72.4| 4.69
p16(|26.9] 932.9|282.9|| 0.3 8.5| 1.9|152.17
p17//29.1|1305.9(348.2|| 0.9 201.1| 40.4| 8.61
p1s||28.3] 975.7|304.6|| 0.3| 10.9| 2.1{142.03
Pp19]|31.6(1077.6|352.7|| 0.3 5.6| 1.6/226.68
P20(/28.5/1014.0(321.7|| 0.3| 677.0| 73.0| 4.41
p21(/30.2{1007.1|328.9|| 0.3 4.8/ 1.5(217.00
Pp22(128.2(1115.0|343.5|| 0.2 3.2| 1.2]291.63
p23(|31.5(1239.3|363.4|| 0.5 13.0| 2.6/140.28
P24||27.6] 964.1|1299.9|| 0.5| 695.7| 83.2] 3.60
poi|l 8.9] 79.1| 37.4|| 0.4| 450.8| 31.4| 1.19
poz|| 9.2| 82.1| 37.8| 0.4 0.8] 0.6| 65.20
po3(/120.3[1028.9|256.0((49.5| 840.5(270.5| 0.95
poal||13.8] 150.1| 61.1][20.6] 88.3| 45.1] 1.36
P05((83.9(2429.2|534.5(|27.0| 349.9/147.5| 3.62
pos||19.4] 215.4| 88.5|[21.8| 83.8| 47.2| 1.87
por|l 9.2] 83.2| 37.9|| 0.4 0.9] 0.7] 55.69
pos||14.9| 149.2| 65.6|| 1.4 3.3 2.2| 29.50
pool|| 9.1] 796.5| 99.4|| 0.6| 396.6/105.4] 0.94
Pp10(|25.6| 414.4|122.7|| 1.4 5.8] 3.8| 32.56
p11||11.1| 192.0| 62.8|| 2.7| 644.7|176.4| 0.36
p12(|21.9] 239.0|102.7|| 3.5| 16.8| 10.1] 10.16
p13(|14.3| 143.3| 64.2|| 1.2 2.7 1.8| 35.77
p14||14.5| 142.2| 64.8|| 1.2 5.5 3.1| 21.23
p15(/120.3[1007.9|292.9((50.2| 845.7|277.9] 1.05
p16(|14.0] 151.4| 61.3||21.2| 132.2| 51.3] 1.19
p17/|82.6/2959.8|601.7|(28.5| 346.6|151.7| 3.97
p1s(|19.9] 218.1| 88.6([22.0| 135.2| 55.1] 1.61
pio||41.1] 743.5|205.7|| 2.1| 11.3| 5.7| 36.32
P20(|25.5|2615.4|376.0|| 1.3| 400.9/110.6| 3.40
p21(/129.9] 351.3|137.5|| 2.0 5.9 4.2| 33.02
p22(|25.6] 285.0|1101.5|| 1.2 3.7 2.7| 37.40
p23||37.5| 635.0{190.8|| 4.2| 22.8| 13.4| 14.22
p24(|16.6] 239.9| 87.8|| 3.4| 437.8/142.7] 0.61




C Details of Experimental Evaluation II

This section contain experimental evaluation based on 2 types of random boolean
programs: programs with concurrent processes and programs with concurrent se-
quential processes. The maximum time for verds-QBF is set to 300 seconds. The
sign — in the tables either means timeout or the data are not available.

C.1 Programs with Concurrent Processes

For the programs with concurrent processes, we let b vary over the set of values
{12,24,36}, a = 3, ¢ = b/2, and by locating each process with the same number of
local variables, we obtain d = (b — ¢)/a = ¢/a. Each property is tested initially on
20 test cases for each b € {12,24,36}. The details are shown as follows, where the
left part of the table is the data obtained for model checking with verds—bd, using
the command “verds filename”. The right part of the table is the data obtained for
model checking with verds-QBF, using the command “verds -QBF filename”.

The ratio is marked with 0.00 when the maz of the right part of the table is not
available (the time exceeds 300 seconds). verdsbd has advantage in cases where
ratio < 1.00 (possibly except the case of pog).



DPo1

DPo2

Pos

Po4

DPos

DPoe

Po7

Pos

min| max|aver|/min|max

aver

ratio

12
24
36

0.0, 0.0
0.1} 19.2

7.8|249.4|89.4|| 0.0

0.0|| 0.0
3.2|] 0.0

0.0
0.0
0.2

0.0
0.0
0.1

3.33
247.00
1718.82

min|max|aver||min|max

aver

ratio

12
24
36

0.01 0.0
0.0] 0.1
0.2] 2.6

0.0)| 0.0
0.1 0.0
0.8| 0.0

0.0
0.0
0.0

0.0
0.0
0.0

1.87
18.86
173.99

b||min| max|aver|min

max

aver|ratio

12} 0.0 0.1} 0.0f] 0.0
24| 0.2 12.9| 2.5|| 0.0
36| 2.2]383.0|80.6{| 0.2

-1 0.00
-1 0.00
-1 0.00

b||min|max|aver||min|max|aver|ratio
12{| 0.0] 0.0 0.0 - - -1 0.00
24( 0.0 0.7] 0.1 - - -1 0.00
36|| 0.3| 85| 1.8 - - -1 0.00
b||min| max|aver|min|max|aver|ratio
12{| 0.0] 0.0f 0.0} 0.0 - -1 0.00
24| 0.1| 8.1 1.4|| 0.0 - -1 0.00
36| 0.8/142.0|36.0|| 0.1 - -1 0.00

b||min|max|aver||min|max|aver|ratio

12} 0.0| 0.0
24|l 0.0] 0.9
36| 0.3]10.8

0.0)] 0.0
0.2} 0.0
2.1y 0.1

0.0
0.5
8.5

0.0
0.2

1.7) 1.24

0.48
1.12

min|max

aver||min

max

aver

ratio

12
24
36

0.0] 0.0
0.0/ 0.2
0.2] 2.8

0.0)| 0.0
0.1)| 0.0
0.9| 0.0

0.0
0.0
0.0

0.0
0.0
0.0

2.22
22.40
171.00

min|max

aver||min

max

aver

ratio

12
24
36

0.0/ 0.0
0.0/ 04
0.3| 3.4

0.0)| 0.0
0.1y 0.0
1.2{| 0.0

0.0
0.0
0.0

0.0
0.0
0.0

2.69
40.44
255.00




DPoo

b||min| max|aver|min|max|aver|ratio
12{| 0.0] 0.0 0.0|| 0.0] 0.0| 0.0|2.31
24]| 0.0 34.0| 3.7|| 0.0 5.2| 0.4]9.33
36| 0.3/674.6|71.2|| 0.0 - -1 0.00

P1o

b||min|max|aver||min|max|aver| ratio
12{| 0.0] 0.0] 0.0{| 0.0] 0.0] 0.0/ 2.17
24|| 0.0/ 0.4| 0.1{| 0.0] 0.0] 0.0 28.44
36/| 0.3| 4.2| 1.3| 0.0] 0.0] 0.0|218.00

P11

b||min| max| aver|min|max|aver| ratio

12} 0.0 0.1} 0.0{| 0.0/ 0.0f 0.0/ 2.65
24|l 0.3] 33.6] 5.0|| 0.0] 0.3] 0.1] 68.48
36([11.7|1028.7|{175.7(| 0.0| 3.8| 0.6/294.77

P12

b||min|max|aver|/min|max|aver| ratio
12|| 0.0] 0.0| 0.0{| 0.0/ 0.0] 0.0/ 3.25
24|| 0.1 0.9/ 0.2{ 0.0] 0.0 0.0 49.40
36| 0.5/11.3] 2.4(| 0.0] 0.0 0.0|415.55

P13

b||min|max|aver|/min|max|aver| ratio
12{| 0.0] 0.0{ 0.0{| 0.0/ 0.0] 0.0f 3.31
24]| 0.0/ 0.3| 0.1{ 0.0] 0.0f 0.0| 28.89
36/| 0.2 3.0/ 1.1{| 0.0] 0.0 0.0|224.52

D14

b||min|max|aver||min|max|aver|ratio
12{| 0.0] 0.0 0.0{| 0.0] 0.0| 0.0/ 0.65
24|} 0.0/ 0.3| 0.1f| 0.0] 0.2] 0.0| 2.04
36( 0.2 3.4| 1.2|| 0.0] 8.3| 1.1| 1.11

Pis

b|lmin| max|aver|min|max|aver|ratio
12{| 0.0] 0.1| 0.0} 0.0 - -1 0.00
24| 0.2| 13.0| 2.5|| 0.0 - -1 0.00
36| 1.8/378.8|72.4|| 0.3 - -1 0.00

P16

b||min|max|aver||min|max|aver|ratio
12|| 0.0| 0.0| 0.0 - - -1 0.00
24|| 0.0| 0.7 0.2 - - -1 0.00
36| 0.3| 8.5| 1.9 - - -1 0.00




D17

P18

P19

D20

P21

D22

D23

P24

min

max

aver

min

max

aver|ratio

12
24
36

0.0
0.1
0.9

0.0
8.5
201.1

0.0
14
40.4

0.0
0.0
0.1

0.3

0.0] 0.35
-1 0.00
-1 0.00

min|max

aver

min

max

aver|ratio

12
24
36

0.0
0.1

0.3

0.0
0.9
10.9

0.0
0.2
2.1

0.0
0.0
0.1

0.0
0.5
8.6

0.0] 0.46
0.2] 1.10
1.8/ 1.19

min

max

aver

min

max

aver| ratio

12
24
36

0.0
0.0
0.3

0.0
0.5
5.6

0.0
0.1
1.6

0.0
0.0
0.0

0.0
0.0
0.0

0.0, 1.30
0.0| 23.48
0.0/154.84

min

max

aver

min

max

aver|ratio

12
24
36

0.0
0.0
0.3

0.0
33.6
677.0

0.0
3.8
73.0

0.0
0.0
0.0

0.0

0.0 2.62
-1 0.00
-1 0.00

min

maxjaver

min

max

aver| ratio

12
24

36

0.0
0.0
0.3

0.0
0.5
4.8

0.0
0.1
1.5

0.0
0.0
0.0

0.0
0.0
0.0

0.0, 1.66
0.0 28.28
0.0/185.95

min

maxjaver

min

max

aver| ratio

12
24
36

0.0
0.0
0.2

0.0
0.3
3.2

0.0
0.1
1.2

0.0
0.0
0.0

0.0
0.0
0.0

0.0, 1.41
0.0| 23.41
0.0/146.33

min

maxj|aver

min

max

aver| ratio

12
24
36

0.0
0.1
0.5

0.0
1.1
13.0

0.0
0.2
2.6

0.0
0.0
0.0

0.0
0.0
0.0

0.0/ 3.90
0.0| 56.41
0.0/310.28

min

max

aver

min

max

aver|ratio

12
24

36

0.0
0.1
0.5

0.1
38.8
695.7

0.0
4.5
83.2

0.0
0.0
0.4

0.1

0.0 2.00
-1 0.00
-1 0.00




A summary for b = 36 is as follows.

m/p||min| max| aver|min/max|aver| ratio
1/po1|| 7.8] 249.4] 89.4[[ 0.0 0.2] 0.1[1718.82
1/po2|| 0.2| 2.6/ 0.8[| 0.0| 0.0 0.0| 173.99
1/pos|| 2.2| 383.0| 80.6/| 0.2| -| - 0.00
1/posf| 0.3 85| 1.8 - - - 0.00
1/pos|| 0.8] 142.0| 36.0[ 0.1 -| - 0.00
1/pos| 0.3] 10.8] 2.1|| 0.1| 8.5 1.7 1.24
1/por|| 0.2| 2.8] 0.9/ 0.0/ 0.0 0.0/ 171.00
1/pos|| 0.3] 3.4| 1.2| 0.0/ 0.0 0.0] 255.00
1/pool| 0.3 674.6| 71.2|| 0.0, -| -  0.00
1/po|| 0.3 42| 1.3|| 0.0| 0.0 0.0| 218.00
1/p11||11.7|1028.7]175.7|| 0.0| 3.8| 0.6| 294.77
1/pi2|| 0.5] 11.3| 2.4| 0.0/ 0.0 0.0| 415.55
1/pis|| 0.2| 3.0/ 1.1} 0.0/ 0.0 0.0] 224.52
1/pia|| 0.2] 3.4 1.2[ 00| 83| 1.1] 1.11
1/pis|| 1.8] 378.8| 724/ 03| -| -] 0.00
1/ps|| 0.3 85| 1.9 - - - 0.00
1/pi7|| 0.9| 201.1| 40.4([ 0.1 -| -] 0.00
1/pis|| 0.3] 10.9| 2.1|| 0.1 8.6 1.8) 1.19
1/po|| 0.3 5.6/ 1.6(| 0.0| 0.0 0.0| 154.84
1/p2o|| 0.3 677.0| 73.0[ 0.0 -| -] 0.00
1/po1|| 0.3] 4.8] 1.5 0.0/ 0.0 0.0 185.95
1/pa2|| 0.2] 3.2| 1.2|| 0.0/ 0.0 0.0 146.33
1/p2s|| 0.5 13.0] 2.6/ 0.0/ 0.0| 0.0 310.28
1/poal| 0.5 695.7| 83.2 0.4 -| - 0.00

Number of cases in which verds-QBF has advanatages The data are also pre-
sented in a way that the number of cases in which verds-QBF has advantage and
that in which NuSMV has advantage are explicitly shown, where N is the number
of test cases, T' is the number of test cases in which the property is true, F' is the
number of test cases in which the property is false, adv is the number of cases in

which verbs-QBF has an advantage.




DPo1

Po2

DPo3

Po4

DPos

Pos

Po7

b|ladv/T|adv/F|adv/N
12 '18/20] 18/20
24 -1 20720 20/20
36 -| 20720 20/20
sum [58/60 58/60
b|ladv/T|adv/F|adv/N
12(16/20 7716/20
24| 20/20 -| 20/20
36| 20/20 - 20/20
sum|| 56/60 1'56/60
b|ladv/T|adv/F|adv/N
12 0/2] 9/18] 9/20
24 0/1|15/19] 15/20
36 -l 9720 9/20
sum|| 0/3| 33/57| 33/60
b|ladv/T|adv/F|adv/N
12(0/20 - 0/20
24| 0/20 | 0720
36| 0/20 -l 0/20
sum|| 0/60 -| 0/60
b|ladv/T|adv/F|adv/N
12][ 6/16] 0/4] 6/20
24/ 15/18|  1/2| 16/20
36|/ 18/19|  0/1| 18/20
sum|| 39/53] 1/7| 40/60
b|ladv/T|adv/F|adv/N
12] 4/20 " 4/20
24[ 12/20 -| 12/20
36| 13/20 - 13/20
sum|| 29/60 -1 29/60
b|ladv/T|adv/F|adv/N
12 18/20 '18/20
24| 20/20 -| 20/20
36| 20/20 -| 20/20
sum|| 58/60 -| 58/60




Dos

Poo

P1o

P11

D12

P13

P14

adv/T

adv/F

adv/N

12
24
36

17/20
20,20
20,20

17/20
20,20
20,20

sum

57/60

57/60

adv/T

adv/F

adv/N

12
24
36

12/14
16/18
19/20

176
2/2

16/20
18/20
19/20

sum

47/52

6/8

53/60

adv/T

adv/F

adv/N

12
24
36

17/20
20,20
20,20

17/20
20,20
20,20

sum

57/60

57/60

adv/T

adv/F

adv/N

12
24
36

3/3
7/7
3/3

13/17
13/13
17/17

16/20
20,20
20,20

sum

13/13

43/47

56,/60

adv/T

adv/F

adv/N

12
24
36

19/20
20,20
20,20

19/20
20,20
20,20

sum

59/60

59/60

adv/T

adv/F

adv/N

12
24
36

19/20
20/20
20/20

19/20
20,20
20,20

sum

59/60

59,/60

adv/T

adv/F

adv/N

12
24
36

2/2
1/1

4/18
15/19
15/20

6/20
16,/20
15/20

sum

3/3

34/57

37/60




P15

P16

D17

P18

P19

P20

P21

b|ladv/T|adv/F|adv/N
12 0/5] 8/15] 8/20
24| 0/2|13/18 13/20
36| 0/1]12/19] 12/20
sum|| 0/8] 33/52| 33/60
b|ladv/T|adv/F|adv/N
12[0/20 - 0/20
24|| 0/20 | 0/20
36| 0/20 -l 0/20
sum|| 0/60 -| 0/60
b|ladv/T|adv/F|adv/N
12[ 4/19] 0/1] 4/20
24/ 15/18|  1/2| 16/20
36/ 18/19] 01| 18/20
sum|| 37/56] 1/4| 38/60
b|ladv/T|adv/F|adv/N
2] 3/20 " 3/20
24| 11/20 - 11720
36| 13/20 - 13/20
sum|| 27/60 -| 27/60
b|ladv/T|adv/F|adv/N
12 3/4| 8/16| 11/20
24| 1/1]19/19] 20/20
36 -1 20/20| 20/20
sum|| 4/5] 47/55| 51/60
b|ladv/T|adv/F|adv/N
12|/ 10/11] 6/9] 16/20
24| 4/612/14] 16/20
36| 1/4]11/16| 12/20
sum|| 15/21] 29/39] 44/60
b|ladv/T|adv/F|adv/N
12 2/2[13/18| 15/20
24||  1/1]19/19] 20/20
36 -1 20/20| 20/20
sum|| 3/3| 52/57| 55/60




D22

Pb23

P24

b|ladv/T|adv/F|adv/N
12 2/2[14/18] 16/20
24|  1/1]19/19] 20/20
36 -1 20/20| 20,20
sum|| 3/3|53/57] 56,60
b|ladv/T|adv/F|adv/N
12 ~20/20] 20/20
24 -1 20720 20/20
36 -1 20/20| 20,/20
sum -1 60/60| 60/60
b|ladv/T|adv/F|adv/N
12|/ 14/15] 3/5| 17/20
24|| 6/10] 4/10| 10/20
36| 3/6| 3/14] 6/20
sum|| 23/31] 10/29] 33/60




C.2 Programs with Concurrent Sequential Processes

For the programs with concurrent sequential processes,we let b vary over the set of
values {12,16,20}, a =2, ¢ =b/2, e =¢, f =4, and d = (b — ¢)/a = ¢/a. Each
property is tested on 20 test cases for each b € {12,16,20}. The details are shown
as follows.



DPo1

DPo2

Pos

Po4

DPos

DPoe

Po7

Pos

b||min| max|aver

min

max

aver|ratio

12
16
20

0.0, 0.0

0.1} 62.1{10.5
0.4/450.8|31.4

0.0

-1 0.00
-1 0.00
-1 0.00

b||min|max|aver

min

max

aver| ratio

12
16
20

0.0/ 0.0
0.1) 0.1
0.4 0.8

0.0)] 0.0
0.1)] 0.0

0.6

0.0

0.0
0.0
0.0

0.0 6.58
0.0{16.39
0.0/51.47

b||min| max

aver

min

max|aver|ratio

12
16
20(/4

1.1} 7.8
9.7 84.8

9.5|840.5|270.5

2.9
28.0

1.4
13.6

- -1 0.00
- -1 0.00
- -1 0.00

min|max|aver

min

max

aver|ratio

12
16
20

0.5 1.3
1.8] 7.0
20.6/88.3

0.8
4.0
45.1

-1 0.00
-1 0.00
-1 0.00

b||min| max

aver

max|aver|ratio

12|| 0.5 5.2
16} 6.7| 52.2
20)27.0{349.9|147.5

2.3
19.0

115.2

- -1 0.00
- -1 0.00
- -1 0.00

min|max

aver

min

aver|ratio

12
16
20

0.6] 1.4
1.9] 74
21.8/83.8

0.9
4.2
47.2

1.0
59.5

-1 0.00
-1 0.00
-1 0.00

min|max

aver

min

max

aver| ratio

12
16
20

0.0/ 0.2
0.1} 0.2
0.4/ 0.9

0.1
0.2
0.7

0.0
0.0
0.0

0.0
0.0
0.0

0.0]11.12
0.0]22.17
0.0/60.83

min|max|aver

min

max

aver| ratio

12
16
20

0.1) 0.2
0.3| 0.6
1.4] 3.3

0.1
0.4
2.2

0.0
0.0
0.0

0.0
0.0
0.0

0.0 24.23
0.0 53.84
0.0/205.79




DPoo

P1o

P11

P12

P13

D14

Pis

P16

b||min| max| aver||min|max|aver|ratio
12|| 0.0 2.8 1.4} 0.0 - -1 0.00
16|| 0.1] 26.7| 11.7|| 0.0 - -1 0.00
20| 0.6/396.6|105.4|| 0.0 - -1 0.00
b||min|max|aver||min|max|aver|ratio
12{| 0.1] 0.5] 0.2|| 0.0|74.0| 3.8/ 0.05
16{| 0.2] 0.8] 0.4|| 0.0|/40.5| 2.3/ 0.18
20( 1.4| 5.8| 3.8|| 0.0/22.6| 1.3| 2.83
b|imin| max| aver|/min|max|aver|ratio
12|| 0.1 5.8 2.0|| 0.0 - -1 0.00
16{| 0.5/107.9| 16.3]|| 0.0 - -1 0.00
20| 2.7(644.7|176.4|| 0.0 - -1 0.00
b||min|max|aver||min|max|aver|ratio
12{| 0.1] 0.7] 0.4|| 0.0 - -1 0.00
16{| 0.6| 1.9 1.0|| 0.0 - -1 0.00
20|| 3.5/16.8|10.1]| 0.0 - -1 0.00
b||min|max|aver|/min|max|aver| ratio
12{| 0.0] 0.1| 0.1|| 0.0| 0.0] 0.0] 14.16
16{| 0.2] 0.5] 0.3|| 0.0] 0.0| 0.0| 40.23
20|| 1.2| 2.7| 1.8 0.0] 0.0| 0.0{155.38
b||min|max|aver||min|max|aver|ratio
12|| 0.0] 0.2| 0.1} 0.0 - -1 0.00
16{| 0.2| 0.6] 0.3|| 0.0 - -1 0.00
20(| 1.2| 5.5| 3.1} 0.0 - -1 0.00
b||min| max| aver||min|max|aver|ratio
12|| 1.0 6.0 2.8|| 1.3 - -1 0.00
16|| 9.6| 84.2| 30.3||11.2 - -1 0.00
20((50.2{845.7|277.9 - - -1 0.00
b||min| max|aver|/min|max|aver|ratio
12{| 0.5 1.3] 0.8 - - -1 0.00
16|| 1.7| 7.2 4.5 - - -1 0.00
20((21.2{132.2|51.3 - - -1 0.00




D17

P18

P19

D20

P21

D22

D23

P24

b||min| max| aver||min|max|aver|ratio
12{| 0.5 4.0 2.1f| 1.0 - -1 0.00
16|| 6.7| 51.8| 20.4 - - -1 0.00
20|(28.5(346.6/151.7 - - -1 0.00
b||min| max|aver|| min|max|aver|ratio
12{| 0.6| 1.4 0.9|| 0.9 - -1 0.00
16|| 1.9] 7.6 4.7| 54.2 - -1 0.00
20(/22.0{135.2|55.1(|240.0 - -1 0.00
b||min|max|aver||min|max|aver|ratio
12|| 0.1] 0.4| 0.2|] 0.0] 0.2] 0.0] 5.94
16{| 0.4| 1.0| 0.6|| 0.0| 1.6| 0.4| 1.40
20(| 2.1|11.3| 5.7|| 0.0/11.0| 1.3| 4.50
b||min| max| aver|min|max|aver|ratio
12{| 0.1] 2.3| 1.4]| 0.0 - -1 0.00
16|| 0.2] 27.6| 11.9]| 0.0 - -1 0.00
20(| 1.3/400.9(110.6| 0.0 - -1 0.00
b||min|max|aver||min|max|aver|ratio
12{| 0.1] 0.3| 0.2|] 0.0] 0.2] 0.0} 5.04
16|| 0.4] 0.9/ 0.5|| 0.0| 2.8] 0.4| 1.31
20|| 2.0 5.9/ 4.2f 0.0{11.1] 1.1} 3.67
b||min|max|aver||min|max|aver|ratio
12{| 0.0] 0.2| 0.1|] 0.0] 0.5] 0.1} 2.29
16{| 0.2] 0.6] 0.3|| 0.0] 1.8| 0.3| 1.29
20|| 1.2| 3.7| 2.7{| 0.0] 7.5] 0.7| 3.69
b||min|max|aver||min| max|aver| ratio
12{| 0.2] 0.9/ 0.5|| 0.0 0.1} 0.0({32.44
16|| 0.7] 2.4| 1.2|| 0.0 0.3| 0.0(29.29
20|| 4.2|22.8|13.4]| 0.0{120.8| 6.2| 2.18
b|imin| max| aver|/min|max|aver|ratio
12|| 0.3] 3.9/ 2.1} 0.0 - -1 0.00
16{| 0.6| 36.7| 16.3|| 0.0 - -1 0.00
20(| 3.4(437.8|142.7|| 0.0 - -1 0.00




A summary for b = 20 is as follows.

m/p||min| max| aver|| min| max|aver| ratio

2/po1|| 0.4[450.8] 31.4 - -[ -] 0.00
2/poz2|| 0.4 0.8] 0.6/ 0.0] 0.0 0.0 51.47
2/pos||49.5(840.5|270.5 -l - -] 0.0
2/po4||20.6| 88.3| 45.1 -l 4 - 0.0
2/pos||27.0|349.9|147.5 -l - - 0.0
2/pos||21.8| 83.8| 47.2 - -l -] 0.00

2/por|| 0.4] 0.9 0.7| 0.0/ 0.0] 0.0] 60.83
2/pos|| 1.4] 3.3 2.2|| 0.0/ 0.0| 0.0/205.79
2/pos|| 0.6/396.6|105.4|| 0.0 -l -] 0.00
2/pio|| 1.4] 5.8| 3.8|| 0.0 22.6| 1.3] 2.83

2/p11|| 2.7/644.7/176.4|| 0.0 -l -] 0.00
2/p1z2|| 3.5/ 16.8| 10.1|| 0.0 -l -] 0.00
2/pis|| 1.2| 2.7| 1.8|| 0.0/ 0.0| 0.0[155.38
2/p1al| 1.2| 5.5 3.1|| 0.0 -l -] 0.00
2/p15(/50.2|845.7(277.9 - -l -] 0.00
2/p16||21.2132.2| 51.3 - -l -] 0.00
2/p17||28.5|346.6(151.7 - -l -] 0.00
2/p18]|22.0(135.2| 55.11240.0 -l -] 0.00

2/po|| 2.1| 11.3| 5.7|| 0.0| 11.0| 1.3| 4.50
2/p2o|| 1.3/400.9/110.6|| 0.0 -l - 0.0
2/pa1|| 2.0 5.9 4.2 0.0 11.1| 1.1| 3.67
2/peol| 1.2| 3.7| 2.7|| 0.0/ 7.5/ 0.7| 3.69
2/p2s|| 4.2| 22.8| 13.4]| 0.0[120.8| 6.2| 2.18
2/p2a|| 3.4/437.8|142.7|| 0.0 -l - 0.00

Number of cases in which verds-QBF has advanatages The data are also pre-
sented in a way that the number of cases in which verds-QBF has advantage and
that in which NuSMV has advantage are explicitly shown.



DPo1

Po2

DPo3

Po4

DPos

Pos

Po7

b|ladv/T|adv/F|adv/N
12|l 0/20 7 0/20
16| 0/14| 2/6] 2/20
20|| 0/19] 071 0/20
sum|| 0/53] 2/7| 2/60
b|ladv/T|adv/F|adv/N
12(20/20 720/20
16/ 20/20 -| 20/20
20| 20/20 - 20/20
sum|| 60/60 -1760/60
b|ladv/T|adv/F|adv/N
12 o/6] 1/14] 1/20
16| o/3] 1/17] 1/20
20| 0/1] o0/19] 0/20
sum|| 0/10] 2/50| 2/60
b|ladv/T|adv/F|adv/N
12(0/20 770/20
16|| 0/20 | 0720
20|| 0/20 | 0/20
sum|| 0/60 -| 0/60
b|ladv/T|adv/F|adv/N
12 4/17] 0/3] 4/20
16| 0/15| 0/5 0/20
20| 0/14| 0/6| 0/20
sum|| 4/46| 0/14| 4/60
b|ladv/T|adv/F|adv/N
12] 1/20 1 1/20
16/ 0/20 | 0/20
20|| 0/20 | 0/20
sum|| 1/60 -| 1/60
b|ladv/T|adv/F|adv/N
12 20/20 720/20
16/ 20/20 -| 20/20
20([ 20/20 -| 20/20
sum|| 60/60 -1 60/60




Dos

Poo

P1o

P11

D12

P13

P14

adv/T

adv/F

adv/N

12
16
20

20,20
20,20
20,20

20,20
20,20
20,20

sum

60/60

60/60

adv/T

adv/F

adv/N

12
16
20

12/17
10/18
14/19

0/3
0/2
0/1

12/20
10/20
14/20

sum

36/54

0/6

36/60

adv/T

adv/F

adv/N

12
16
20

16,20
17/20
19/20

16,20
17/20
19/20

sum

52/60

52/60

adv/T

adv/F

adv/N

12
16
20

10/15
11/16
12/16

2/5
1/4
0/4

12/20
12/20
12/20

sum

33/47

3/13

36/60

adv/T

adv/F

adv/N

12
16
20

18,/20
15/20
17/20

18/20
15/20
17/20

sum

50/60

50/60

adv/T

adv/F

adv/N

12
16
20

20/20
20/20
20/20

20,20
20,20
20,20

sum

60/60

60,/60

adv/T

adv/F

adv/N

12
16
20

2/2
1/1
1/1

1/18
0/19
0/19

3/20
1/20
1/20

sum

4/4

1/56

5/60




P15

P16

D17

P18

P19

P20

P21

b|ladv/T|adv/F|adv/N
12 o0/6] 2/14] 2/20
16| 073 2/17 2/20
20| 0/1] o0/19] 0/20
sum|| 0/10] 4/50| 4/60
b|ladv/T|adv/F|adv/N
12[0/20 - 0/20
16/ 0/20 | 0/20
20|| 0/20 | 0/20
sum|| 0/60 -| 0/60
b|ladv/T|adv/F|adv/N
12[ 4/19] 0/1] 4/20
16| 0/15| 0/5 0/20
20|| 0/14] 0/6| 0/20
sum|| 4/48] 0/12] 4/60
b|ladv/T|adv/F|adv/N
12[ 1/20 1 1/20
16|| 0/20 | 0720
20|| 0/20 | 0/20
sum|| 1/60 -| 1/60
b|ladv/T|adv/F|adv/N
12 474 15/16| 19/20
16| 2/2|12/18| 14/20
20| 2/2|17/18| 19/20
sum|| 8/8]44/52| 52/60
b|ladv/T|adv/F|adv/N
12 6/7] 9/13| 15/20
16| 5/6| 8/14| 13/20
20|| 2/5|11/15| 13/20
sum|| 13/18| 28/42[ 41,60
b|ladv/T|adv/F|adv/N
12 2/2[17/18] 19/20
16| 1/1|15/19| 16/20
20| 1/1|18/19] 19/20
sum|| 4/4] 50/56| 54/60




D22

Pb23

P24

b|ladv/T|adv/F|adv/N
12 2/2[16/18| 18/20
16| 1/1|14/19| 15/20
20| 1/1]18/19] 19/20
sum||  4/4] 48/56] 52/60
b|ladv/T|adv/F|adv/N
12 ~20/20] 20/20
16 -1 20720 20/20
20 -1 19/20| 19/20
sum -1 59/60| 59/60
b|ladv/T|adv/F|adv/N
12 6/8] 9/12| 15/20
16| 2/3|13/17| 15/20
20(| 1/5/12/15| 13/20
sum|| 9/16] 34/44| 43/60




C.3 Summary

The data are grouped into 12 groups, one for each type of properties where p; and
pi+12 are considered as of the same type. Since pos and pos are existential properties
(and there is only one initial state in the models), we present and interpret the data
according to the verification and falsification of —pgs and —pos. The following is a
summary of the experimental data.

properties| adv/T| adv/F| adv/N
Po1, P13 0/53| 179/187| 179/240
poz, p1a| 123/127) 35/113| 158/240
Do3, P15 0/31 72/209 72/240
Do4, P16 0/240 - 0/240
—Pos, P17 2/37| 84/203 86/240
—Po6, P18 -| 58/240|  58/240
por, pro|| 130/133| 91/107| 221/240
Pos, pao|| 145/159|  57/81| 202/240
poo, p21|| 90/113| 108/127| 198/240
pio,p22|| 116/127| 101/113| 217/240
P11, P23 46/60| 165/180| 211/240
D12, p24|| 141/167 44/73| 185/240
sum|(793,/1247(994 /1533|1787 /2880

The bounded semantics model checking does not have advantage in verifying any of
the properties that start with AG. The bounded bounded semantics model checking
has advantage in various degrees in verifying the other 8 types of properties (no
data for verification are available for —pgs) and in falsifying 11 types of properties
(no data for falsification are available for pos). The details of the experimental data
do not indicate how the sizes of problems may affect the advantage/disadvantage
of bounded verification. Rather, the type of the verification problems matters.



