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Objective 1 : promoting model checking tools

¢ Asynchronous systems

¢ Compare and debug

¢ Enhance reproducibility of results
¢ Encourage tools

» To enhance reliability
» To increase their features

¢ Encourage interoperability among tools
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Objective 1 : promoting model checking tools

€& Asynchronous systems
¢ Compare and debug
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¢ Encourage too R
» To enhance relic emark

» To increase theit ¢ Month period = very short!
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«known» models «Surprisen models
¢ Those from past years ¢ New models proposed by the
» Test the tool as used by its community this year
developers » Test the tool as used by

«non-expert of the tool
» new situations for the tool
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«known» models «Surprisen models
¢ Those from past years ¢ New models proposed by the
» Test the tool as used by its community this year
developers » Test the tool as used by

«non-expert of the tool
» new situations for the tool

¢ Model =  one Petri net, possibly with scaling parameter
¢ Instance = one Petri-net with scaling parameters instantfiated

'

Coefficients in 2019

269 «knowny instar ces (x 1)
49 «surprisey instar ces (x 4)

‘M_

F. Kordon — Sorbonne Université — CC2019

“"‘N



235:15 4 New Models for 2019

L. M. Hillah & F. Kordon

¢ CloudOpsManagement
» P/T

L. M. Hillah

¢ FamilyReunion
» Colored + P/T

W. Serwe & Z. Zhang

¢ NoC3x3

» P/T
» + NUPN

P. Ballarini & B. Barbot

& VehicularWifi

» Colored only
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L. M. Hillah & F. Kordon

¢ CloudOpsManagement

» P/T
L. M. Hillah : §
& FamilyReunion Thanks!!!

» Colored + P/T
We really need different models

W. Serwe & Z. Zhang

& NoC3x3

» P/T
» + NUPN

P. Ballarini & B. Barbot

& VehicularWifi

» Colored only
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Extending the collection of benchmarks every year
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2011 2012 2013 2014 2015 2016 2017 2018 2019

Data on the MCC 2011 2012 2013 2014 2015 2016 2017 2018 2019

% of colored

i 45,26 %|40,82 % 139,10 % (33,91 % 131,24 % 26,05 % 123,13 % 19,92 % | 18,95 %
instances

Number of selected

. 95 196 266 404 525 664 586 949 1018
instances
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Extending the collection of benchmarks every year

1200
O Models 1018
o P/Tinstances -~ . O
go0 © Colored instances 2.8 825
O models with NUPN information O %
< Total instances (P/T + colored) .-~ //a
! R
This year

] 15 034 formulas produced
(GlobalProperties, UpperBound, Reachability, CTL, LTL)

Y ——

2011 2012 2013 2014 2015 2016 2017 2018 2019

Data on the MCC 2011 2012 2013 2014 2015 2016 2017 2018 2019

% of colored

i 45,26 %|40,82 % 139,10 % (33,91 % 131,24 % 26,05 % 123,13 % 19,92 % | 18,95 %
instances

Number of selected

. 95 196 266 404 525 664 586 949 1018
instances
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26 tools

ACTIVITY-LOCAL A
Alpina @A
Crocodile gl
Cunf g1l
enPAC
GreatSPN- 1
Helena 1

+

2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019

ITS-Tools
LoLA
LTSMin
M4M
MARCIE
Neco
PeCan
pNMC
PNXDD
Pele

Sara
smart
Spot 1k
Strafagem E
Tapaal =
TINA g1
+
+

1=l

=
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26 II.OOIS 2011 | 2012 | 2013 | 2014 : 2015 : 2016 : 2017 : 2018 : 2019

ACTIVITY-LOCAL £ |
Alpina | ’
|
Cunf | 201 9
enPAC | .
GreatSPN- ) 9 tools and variants
Cma |+ comparison to 2018 winner

t
ITS-Tools i e ——
LoLA m ’ ’ ’ ’ ’
LTSMin
M4M
MARCIE
neco
PeCan
ponNMCc
PNXDD
Pele =
Sara
smart E
Spot 1
Stratagem
Tapaal
TINA
Yaspa
ydd-pft

Crocodile

F. Kordon — Sorbonne Université — CC2019




M

=(316) 9 Editions of MCC — Tools over the Years

26 II.OOIS 2011 | 2012 | 2013 | 2014 : 2015 : 2016 : 2017 : 2018 : 2019

ACTIVITY-LOCAL £ |
Alpina | !
|
Cunf | 201 9
enPAC | .
GreatSPN- ) 9 tools and variants
Cma |+ comparison to 2018 winner

t
ITS-Tools i e ——— T
LoLA ’ ’ ’ ’
LTSMin
M4M
MARCIE
neco
PeCan
ponNMCc
PNXDD
Pele =
Sara
smart E
Spot I
Stratagem
Tapaal
TINA

Crocodile

;

All VMs published =
For reproducibility

F. Kordon — Sorbonne Université — CC2019
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Tools

enPAC

GreatSPN-Meddly | P/T & Col

smart
Tina
ITS-Tools
ITS-Tools.M
LoLA
LTSMin

Tapaadl

Tools and Techniques Reported in 2019

< o

PN type | parallelism Tech nlq Uues

ABSTRACTIONS EXPLICIT LTLNFBA SEQUENTIAL TOPOLOGICAL

DECISION_DIAGRAMS SEQUENTIAL_PROCESSING TOPOLOGICAL
UNFOLDING_TO_PT USE_NUPN

DECISION_DIAGRAMS IMPLICIT RELATIONS

P/T SEQUENTIAL PROCESSING

DECISION_DIAGRAMS EQUATIONAL_ABSTRACTION
SEQUENTIAL_PROCESSING STRUCTURAL_REDUCTION
UNFOLDING_TO_PT USE_NUPN

BMC DECISION_DIAGRAMS EXPLICIT INITIAL_STATE K_INDUCTION
P/T& Col| Colat PARTIAL_ORDER SAT_SMT STRUCTURAL_REDUCTION TAUTOLOGY
TOPOLOGICAL USE_NUPN LTSMIN

BMC COLLATERAL_PROCESSING DECISION_DIAGRAMS EXPLICIT INITIAL_STATE
P/T & Col Colat K_INDUCTION LTSMIN PARTIAL_ORDER SAT_SMT STRUCTURAL_REDUCTION
TAUTOLOGY TOPOLOGICAL USE_NUPN

P/T & Col

COLLATERAL_PROCESSING EXPLICIT SAT_SMT SEQUENTIAL_PROCESSING
P/T & Col Colat STATE_COMPRESSION STUBBORN_SETS SYMMETRIES TOPOLOGICAL
UNFOLDING_TO PT USE_NUPN

P/T Par DECISION_DIAGRAMS PARALLEL_PROCESSING USE_NUPN

COLLATERAL_PROCESSING CPN_APPROX CTL_CZERO EXPLICIT LP_APPROX
QUERY_REDUCTION SAT_SMT SIPHON_TRAP STATE_COMPRESSION
P/T & COI COIGII. STRUCTURAL_REDUCTION STUBBORN_SETS TOPOLOGICAL
TRACE_ABSTRACTION_REFINEMENT UNFOLDING_TO_PT
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=(31¢) Examinations

StateSpace
GlobalProperties
¢ ReachabilityDeadlock
: = UpperBound — new in 2019
| Reachability
> ¢ ReachabilityCardinality — atomic propositions refer to tokens
:o ¢ ReachabillityFireabillity — atomic propositions refer to firing
iU CIL
g ¢ CTLCardinality — atomic propositions refer fo tokens
“ & CTLFireability — atomic propositions refer to firing
LTL
¢ LTLCardinality — atomic propositions refer to tokens
¢ LTLFireabllity — aftomic propositions retfer fo firing
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=™ 16) 9 Editions of MCC — Examinations & tools

. Tools improve every year

Tool participation per

. 2011 2012 2013 | 2014 2015 2016 2017 2018 2019
examination

Participating 10 9(+1) | 9(+2) 9 10(+3) | 10(+2) | 9(+1) | 9(+3) | 8(+1)

= Supporting Colored nets 4 4 4 2 4 2 8 10 6
§| Supporting NUPN 1 3 3 4 10 7
2 StateSpace 7 7 7 7 11 10 8 11 8
% GlobalProperties 5
§ UpperBound 7 é 11 7
S

£ Struct. formulas 3 2

: Reachability 5 5 8 5 10 8 b 10 5
g CIL 0 7 2 2 5 é 10 5
J; LTL 0 6 1 0 4 4 8 4

Answered examinations |15,60 %‘22,22 %‘26,30 %‘40,47 %‘ — ‘
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P

~February 15, delivery of disk images

¢ Qualification phase
¢ Completed by early May
» ~37 000 test runs

Mach 10, starting to operate tools

¢ 91 619 runs distributed on 4 different machines over Europe

&€ VM with 4 cores / 16GB

» ITS-Tools, ITS-Tools.M, LoLa, LTSMin, Tapaal
¢ VM with 1 core / 16 GB

» enPAC, GreaiSPN-meddly, smart, TINA.tedd
¢ Time confinement, 1h

F. Kordon — Sorbonne Université — CC2019

¢ Only physical cores allocated to VMs

March 25, feedback sent to developers about their tool
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=1 About Analysis of Outputs

Late march, consolidation + analysis of outcomes

¢ 25 GB of logs and CSV files
» Post analysis = ~18KLOC Ada + ~800 LOC bash

Analysis process

¢ Pass 1, computing results for the majority in a «liney

» All tools for an examination for a model instance
¢ Pass 2, evaluating tool confidence

» Only considering values with a large majority
¢ Pass 3, reconstructing the results using tool confidence

» Help to decide when only 2 different answers
» A result must be of confidence 0.98 or more (0.97 in 2018)
» Some results are tagged «insecureyn

¢ Pass 4 computing scores

F. Kordon — Sorbonne Université — CC2019

» «insecure) results not considered when counting points
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Late march, consolidatirn + analvsis of ©utcomes

§ 25 GB of logs and CSV files Scoring (normalizcn‘ion)

» Post analysis = ~18KLOC Ada + ~8 per : :
eXamination, [102 204]

Analysis process —

¢ Pass 1, computing results for the majority in a «linex

poIints
e —————

» All tools for an examination for a model instance
¢ Pass 2, evaluating tool confidence

» Only considering values with a large majority
¢ Pass 3, reconstructing the results using tool confidence

» Help to decide when only 2 different answers
» A result must be of confidence 0.98 or more (0.97 in 2018)
» Some results are tagged «insecureyn

¢ Pass 4 computing scores
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Late march, consolidatirn + analvsis of ©utcomes

§ 25 GB of logs and CSV files Scoring (normalizcn‘ion)

» Post analysis = ~18KLOC Ada + ~8 per : :
eXamination, [102 204]

» Help to decide when only 2 different answers
» A result must be of confidence 0.98 or more (0.97 in 2018)
» Some results are tagged «insecureyn

¢ Pass 4 computing scores

. points
. '~ Analysis process s e
7 € Pass 1, computing results for the majority in a «liney
§ ) » All tools for an e.xqmlnqhon for.a model instance ch“-d
5 & Pass 2, evaluating tool confidence ’r
E » Only considering values with a large majority F”C]fSTei int
4§ Pass 3, reconstructing the results using tool confiden SMaAll TOOTP
5 R —— e
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» tinsecurey results not considered when counting points
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=1 About Analysis of Outputs

?S 4

Late march, consolidatinrn + analvsis of ©utcomes

§ 25 GB of logs and CSV files Scoring (normalizcn‘ion)

» Post analysis = ~18KLOC Ada + ~8 per : :
eXamination, [102 204]

» Help to decide when only 2 different answers
» A result must be of confidence 0.98 or more (0.97 in 2018)
» Some results are tagged «insecure)

& Pass 4 computing scores Penalty for mistakes

» Kinsecure) results not considered w

. Points
. '~ Analysis process s e
7 € Pass 1, computing results for the majority in a «liney
§ ) » All tools for an e.xqmlnahon for.a model instance ch“-d
5 & Pass 2, evaluating tool confidence ’r
g » Only considering values with a large majority F”C]fSTe?r int
"’T ¢ Pass 3, reconstructing the results using tool confiden SMall TooTp
: R ——— e
2

Twice the score for g good value
e ————
;__-——'-“
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=(316) Checks and Tool Confidence

Consistency checks

¢ Colored versus equivalent P/T nets

Computing the “confidence rate”
¢ Section Ill.2 in http://mcc.lipé.fr/rules.php

¢ Computing V, the set of values with a majority of 3 or more tools
¢ For each tool t, selecting Vi, the values computed €V

¢ For each tool 1, selecting Vi, the correct values computed € V;

¢ Confidence rate = | V|
Vi |

F. Kordon — Sorbonne Université — CC2019
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Tools

enPAC
GreatSPN
smart
TINA.tedd
ITS-Tools
ITS-Tools.M
LoLA
LTSMin
Tapaal

2018-Gold

Confidence success selected

85,63 7

100,00 %

100,00 7%

100,00 %

100,00 7%

99.95 7%

99.99 %

100,00 %

100,00 7%

99.99 7%

Global Tool Confidence

2313

32525

6725

2284

63174

61558

85034

1086

66462

88922

63174

61585

85039

1086

66462

88926

- — .

Examinations

3 StateSpace, LTLCardinality,
LTLFireability

7 StateSpace, GlobalProperties,
UpperBounds,

2 StateSpace, UpperBounds

1 StateSpace

9 StateSpace, GlobalProperties,
UpperBounds,

9 StateSpace, GlobalProperties,
UpperBounds,

8 GlobalProperties,
UpperBounds,

2 StateSpace, UpperBounds

7 StateSpace, GlobalProperties,
UpperBounds,

7 StateSpace, GlobalProperties,
UpperBounds,
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=(31€) 8 Editions of MCC — evolution of confidence

i—f{ - 19%%
ol

Evolution of the confidence since it was infroduced

2015 2016 2017 2018 2019
smallest confidence 6230% | 37,40% | 79.59% | 99.71% | 8553 %
average confidence 89,65% | 94,20 % 9734 % | 99.97 % 98,55 %

highest confidence 100 % 99,99 % 100 % 100 % 100,00 %

F. Kordon — Sorbonne Université — CC2019
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Evolution of the confidence since it was infroduced

2015 2016 2017 2018 2019
smallest confidence 6230% | 37,40% | 79.59% | 99.71% | 8553 %
average confidence 89,65% | 94,20 % 9734 % | 99.97 % 98,55 %

highest confidence 100 % 99,99 % 100 % 100 % 100,00 %

J

- Tools are improving
Industrial quality!

F. Kordon — Sorbonne Université — CC2019
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Computing Results in 2019

P
-~

- 4
e T A -

- W |
— — 1A
Caserta Ebro Octoginta-2 Smallieel Total
(cluster)
13x12 @
Physcal cores| 96 @ 2.2GHz | 32 @ 2.7GHz | 80 @ 2.4GHz -
2.4GHz
Memory (GB) 2043 1024 1536 13x64 -
Cores (1 per VM) 95 3] 7, 13x3, g
for sequential tools| 925 VMin// 31 VMin // 7 VMin // 13x3 VM //
Cores (4 per VM) 92, 28, 20 13x8, )
for parallel tools| 23 VMin// 7 VMin // 4VMin // 13x2 VM //
Number of runs 28 548 33819 27 432 26 820 921 619
Total CPU required 604d, 3h, 48m, | 117d, Oh, 57m, |573d, 13h, 56m,| 518d, 3h, 32m, 1812d, 22h,
9 275 18s 155 34s 14m, 34s

F. Kordon — Sorbonne Université — CC2019
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Computing Results in 2019

a
-~

s 4
-
g

| iy
— — 1B 1B
Caseria Ebro Octoginta-2 Smallieel Total
(cluster)
13x12 @
Physcal cores| 96 @ 2.2GHz | 32 @ 2.7GHz | 80 @ 2.4GHz -
2.4GHz
Memory (GB) 2043 1024 1536 13x64 -
Cores (1 per VM) 95 3] 7, 13x3, g
for sequential tools| 925 VMin// 31 VMin // 7 VMin // 13x3 VM //
Cores (4 per VM) 92, 28, 20 13x8, )
for parallel tools| 23 VMin// 7 VMin // 4VMin // 13x2 VM //
Number of runs 28 548 33819 27 432 26 820 921 619
Total CPU required 604d, 3h, 48m, | 117d, Oh, 57m, |573d, 13h, 56m,| 518d, 3h, 32m, 1812d, 22h,
9 275 18s 155 34s 14m, 34s

F. Kordon — Sorbonne Université — CC2019

Total CPU

About 4 years, 11 months and 17 days

Time spent to complete
benchmarks

about 21 days

VM boot time of VMs +
management (overhead)

About 8d, 21h (Included in total CPU)




M

=(JT1E)

Computing Results in 2019

—wivo |4 p@l VM)
for parallel tools

Number of runs

Total CPU required

—

iB

1 Ebro Octoginta-2 el et Total
(cluster)
m ebro
3 13x12 @
m caserta >Hz 32 @ 2./7GHz 80 @ 2.4GHz 2 4GHz =
octoginta2
= small 1024 1536 13x64 -
31 /, 13x3, .
'/ 31 VMin // 7VMin // 13x3 VM //
92, 28, 20 13x8, i
23 VMin // 7VMin // 4VMin // 13x2 VM //
28 548 38319 27 432 26 820 21 619
604d, 3h, 48m, | 11/d, Oh, 5/m, [§73d, 13h, 66m,| 518d, 3h, 32m, 1812d, 22h,
275 18s 155 34s 14m, 34s

F. Kordon — Sorbonne Université — CC2019

Total CPU

About 4 years, 11 months and 17 days

Time spent to complete
benchmarks

about 21 days

VM boot time of VMs +
management (overhead)

About 8d, 21h (Included in total CPU)
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Computing Results in 2019

—wivo |4 p@l VM)
for parallel tools

Number of runs

Total CPU required

—

iB

Ebro

m ebro
m caserta >Hz
octoginta2

m small

i

92,
23VMin//

28 548

604d, 3h, 48m,
275S

2@27  More CPU than in 2018

1024

3]
31 VMin//

28,
7VMin //

8819

117d, Oh, 57m,
18s

| Octoginta-2

Small (roof)
(@duster)

Total

But fewer runs this year

7 VMin //

20
4VMin//

27 432

573d, 13h, 56m,
15s

133 VM /] ———
13x8, )
13x2 VM //
26 820 21 619
518d, 3h, 32m, 1812d, 22h,
34s 14m, 34s

F. Kordon — Sorbonne Université — CC2019

Total CPU

About 4 years, 11 months and 17 days

Time spent to complete
benchmarks

about 21 days

VM boot time of VMs +
management (overhead)

About 8d, 21h (Included in total CPU)
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Computing Results in 2019

—wivo |4 p@l y~rrt

for parallel t¢

Number of r

Total CPU requi

F. Kordon — Sorbonne Université — CC2019

Total

Time spent to comj
benchn.

4

1 Ebro | Octoginta-2

m ebro

m caserta sHz 32 @ 2.7¢ More CPU

Small (roof)

(@lster] Total

than in 2018

octoginta2
= small 1024 But fewer runs this year
31
7 31 VMin // 7 VMin// 13x3 VM // —
Ly 2 20 13x8,
— 13x2 VM //
Tha Q
nk you ery much 26 820 91 619

Université de Genéve
Jniversity of Twente
Rostock University
Universijté Nanterre
Sorbonne Universijté

VM boot time of VMs +
management (overhead)

3d, 3h, 32m, | 1812d, 22h,
34s 14m, 34s

About 8d, 21h (Included in total CPU)
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Surprise&P/T
B Surprise&Colored
9 000 p Known&P/T
: Known&Colored
8 000
2 7000
6000
§ 5000
5
2 4000
5
c? 3 000
$ 2000
.
~ 1000
O o
5= =5 = = 0 O 2 =2 N w
S L €3 388333
CRNCEY= Q2 > O aNee
©c o 2 2% 0 @ 3 Q
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Surprise&P/T
— B Surprise&Colored
9 000 Known&P/T
N = Known&Colored
8 000 ——
2 700043
3 e
6000
§ 5000
c
=
2 4000
5
c? 3 000
$ 2000
.
~ 1000
O -
5= =5 = = 0 O 2 =2 N w
S L €3 388333
CRNCEY= Q2 > O aNee
c o 3 2 0 @& 3 Q
) (7 O
= 3 QO 37
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=1 StateSpace Examination

/:'";.

Surprise&P/T

, B Surprise&Colored §

9 000 e 0% Known&P/T
T AN Known&Colored

) TINA.tedd

8 000 "

700045 )

6 000 =
5 000
4 000
3 000

2 000

F. Kordon — Sorbonne Université — CC2019
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=1 StateSpace Examination

Surprise&P/T ;
B Surprise&Colored | | TINA.tedd
9 000 Known&P/T
O N — Known&Colored
8 000 — :
70002 %
2 L ) 2018-Gold
T 6000
5 5000 |
= : StateSpace | confidence success selected
o U0 E enPAC | 7831% 65 83
> A 5 LTSMin | 100,00% 1086 1086
é : Tapaal | 100,00 % 645 645
S : ITS-Tools | 100,00 % 1482 1482
“ 1000 : ITS-Tools.M| 100,00 % 1373 1373
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 Handling some rare bugs in models

¢ Unexpected infinite instances in RefineWG
< Improving verdicts
¢ Instance-based verdict

Best Virtual Tool

& Better measure than Best Virfual Score tool

& Lessons learnt, 6 weeks was too short for running MCC

€ 15 months until the next edition
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