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@ Lots of questions are raised...

¢ To verify highly concurrent systems, should we use a symmetry-based or a
partial order-based model checker?

¢ For models with large variable domains, should we use decision diagram-based,
or a symmetry-based model checker?

¢ Can we combine structural reductions techniques with partial-order ones or
symmetry-based ones?

&
'M e o o

Q A large variety of model checking techniques
€ and their potential combination

Q A large variety of model categories
Q A challenge with large scale specifications

@ A need to evaluate in the fairest way current MC implementations
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@ Mcc is intended to:

¢ Exchange experience between tool programmers,

¢ Imagine some association of techniques, and thus better tools
¢ Stimulate development of tools

€ Provide visibility to these tools

THE OBJECTIVES...

Q@ McC can also be of great help for the PN community (and users):
¢ Define a common set of models for benchmarks
¢ Identify experimentally classes of problems (in models)

identify the techniques able to cope with a given class of problems...
¢ Improve communication between tools (and PNML ;-) )
¢ Provides raw data for comparison

@ This is the second edition
¥ We hope more editions for an enhanced analysis and evaluation of tools
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WHAT TO BE MEASURED?

Q@ The «enemies» of model checking
¢ Memory consumption
€ CPU consumption

Q «Examinations» to be processed
¢ State space generation

¢ Formula evaluation
Structural Formulas
Reachability Formulas
® CTL formulas
® LTL formulas

9 Another 2012 innovation

¢ Models to be proposed by the community («call for model»)
® 7 models in 2011
® 19 models in 2012 (including the 7 from 2011)
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WHAT TO BE MEASURED?

Q@ The «enemies» of model checking
¢ Memory consumption
€ CPU consumption

Q «Examinations» to be processed
¢ State space generation

¢ Formula evaluation
Structural Formulas
Reachability Formulas
® CTL formulas A

@ LTL formulas -

N

9 Another 2012 innovation

¢ Models to be proposed by the community («call for model»)
® 7 models in 2011
® 19 models in 2012 (including the 7 from 2011)
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WHAT TO BE MEASURED?

Q@ The «enemies» of model checking
¢ Memory consumptiot 2

¢ CPU consumption Special fhanks f
or fhe Commu H
m'l'y Who

Q «Examinations» tc ting models /

¢ State space gener

¢ Formula evaluation

@ Structural Forr Univ. p :
@ Reachability Fo Univ,. Pflr'is. Igume France
® CTL formulas Univ. Rostock - France

® LTL formulas %‘ ‘ Germqny
9 Another 2012 innovation \

¢ Models to be proposed by the community («call for model»)
® 7 models in 2011
® 19 models in 2012 (including the 7 from 2011)
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Q Execution on a dedicated cluster (23 nodes)
¢ PowerEdge R410 (6 ports gigabits) and 1.5To local disks
¢ 86B memory (DDR3, 1333)
¢ Intel Xeon E5645@2.406Hz (6 cores, 12 threads)
¥ Cache L1=192kB, L2=1536kB, L3=12288kB

EVALUATION PROCEDURE

@ Run = execution of a tool for one examination on one model/scale
€ A run is executed in a Virtual machine
¢ We process runs until one fails (to check how far a tool goes)

Q@ A benchmark script launching all runs
¢ With time confinement 3600 sec per run
¢ With memory confinement 4 GByte per run
¢ Time and memory measures
¢ CPU and Memory evolution
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zluster (23 nodes)
abits) and 1.5To local disks

cores, 12 threads)

, L3=12288kB

or one examination on one model/scale
machine

(to check how far a tool goes)

all runs

3600 sec per run
4 GByte per run
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EVALUATION PROCEDURE
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9 The Cluster

¢ Was delivered later than expected
® Old nodes could not operate virtualization

9 The formulas

¢ Last year solution was not satisfactory
® Based on invariants
Too «easy» formulas
® One set per model

¢ This year solution
One set per run
® Two formats, XML and textual (update of the grammar)

But...
. a nightmare

DIFFICULTIES

Q Other technical difficulties
¢ Fighting with gemu
¢ Change of structure for formulas
¢ provide PNML form for submitted models

@
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Model Name model type safe dead- fre_e stat_e event re_ver-

lock choice machine graph sible
i cs_repetitions colored + P/T X X ? ? ? ?
g rwmutex colored + P/T v X X X X v
N echo colored + P/T v v X X X X
s eratosthenes colored + P/T v v ? ? ? ?
; galloc_res colored + P/T X X ? ? ? ?
3 lamport_fmea colored + P/T v X X X X X
8_ neoelection colored + P/T v v X X X v
g_ philo_dyn colored + P/T v v ? ? ? ?
® planning colored + P/T X ? X X ? ?
E railroad colored + P/T X X ? ? ? ?
o ring colored + P/T v ? X X ? ?
= simple_lbs colored + P/T v X X X X X
EMS P/T X ? ? ? ? ?
g Kanban P/T X ? ? ? ? ?
e MAPK P/T X ? ? ? ? ?
% § Peterson colorred 4 ? ? ? ? ?
'g Philosophers colorred v ? ? ? ? ?
= SharedMemory colorred v X ? ? ? ?
TokenRing colorred v ? ? ? ? ?
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Model Name model type safe dead- fre_e stat_e event re_ver-
lock choice machine graph sible
i cs_repetitions colored + P/T X X ? ? ? ?
g rwmutex colored + P/T v X X X X v
N echo colored + P/T v v X X X X
'E eratosthenes colored + P/T v v ? ? ? ?
o galloc_res colored + P/T X X ? ? ? ?
3 lamport_fmea colored + P/T v X X X X X
8_ neoelection colored + P/T v v X X X v
g_ philo_dyn colored + P/T v v ? ? ? ?
0 planning colored + P/T X ? X X ? ?
E railroad colored + P/T X X ? ? ? ?
o ring colored + P/T v ? X X ? ?
= simple_lbs colored + P/T v X X X l - X
EMS P/T X . : 2 N A
g Kanban P/T X ? ? 7 Diver.s fi
e - MAPK P/T X ? ? o K ICatiop of
% § Peterson colorred v ? ? £ acter ISticg
'g Philosophers colorred v ? ? ?7 = 1
> SharedMemory colorred v X ? ? ? .
TokenRing colorred v ? ? ? ? ?
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S@OO\Imm-thH

Tool from

lola-binstore Univ. Rostock
lola-bloom Univ. Rostock

sara Univ. Rostock

neco Univ. Evry Val D'essonne
pnxdd Univ. P. & M. Curie
marcie Univ. Cottbus

helena Univ. Paris 13

AlPiNa Univ Geneva

crocodile Univ. P. & M. Curie
ITS-tools Univ. P. & M. Curie
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THE SUBMISSIONS (ORDER OF ARRIVAL ;-)

Tool from
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>

lola-binstore Univ. Rostock Providey
lola-bloom Univ. Rostock ke, VM’"
sara Univ. Rostock —
neco Univ. Evry Val D'essonne
pnxdd Univ. P. & M. Curie

marcie Univ. Cottbus

helena Univ. Paris 13

AlPiNa Univ Geneva

crocodile Univ. P. & M. Curie
ITS-tools Univ. P. & M. Curie
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Tool

lola-binstore Univ.
lola-bloom Univ.

sara Univ.
neco Univ
pnxdd Univ
marcie Univ
helena Univ
AlPiNa Univ
crocodile Univ
ITS-tools Univ
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from

Rostock Provideg |
Rostock — thej, VM’"
Rostock —

. Evry Val D'essonne

. P. & M. Curie

. Cottbus

. Paris 13 - Nice hoHing
Geneva too ;)

. P. & M. Curie”

. P. & M. Curie
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Q state space generation
¢ Decision Diagrams (any kind)
¢ Explicit representation of the state space
¢ Exploitation of the system symmetries
¢ Use of «topological» information (syphon, traps,invariant, etc)

Q@ Formula evaluation
¢ Abstractions (on the fly state elimination)
¢ Decision Diagrams (any kind)
¢ Explicit representation of the state space
¢ Use of a constraint solver (SAT, SMT)
¢ Use of structural reduction (Berthelot's, Haddad's, etc.)
¢ Use of Partial order techniques
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Q state space generation
¢ Decision Diagrams (any kind)

¢ Exp ' ~+ian nf the state space
¢ Exp
¢ Us:
Also a combi
mbinat
Q Forn @ State space lon of sych technigues ”
o - Tool: Decision Di
FDo  #PNXDD 'agrams + Symmet
$E F ITS-Tool: Decision Dlagr'am = |
$ U ormula evaluation S *+ Topologicq| !
' ¥ Lola*: EXP“CH'
g ( & + Partiq| Orde
» * Sara: - rs + Topologi
g\ Abstraction + SAT/SMT -+ Dec:Zlo:gg'a,
lagrams

M‘_
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MODELS & EXAMINATIONS
PROCESSED BY TOOLS (STATE SPACE)
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@ LolLa* and Sara did not par'rucupated in the State Space generation
ring lamport fmea
planning galloc_res
rwmutex Cs_ repetitions . railroad
echo TokenRing eratosthenes
MAPK SharedMemory simple_Ibs
Kanban Philosophers neo-election
. FMS Peterson . philo_dyn
Models
participated = . N
Max Value reached === AIPiNA
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MODELS & EXAMINATIONS
PROCESSED BY TOOLS (STATE SPACE)

@ LolLa* and Sara did not participated in the State Space generation
ring lamport fmea ) o
planning galloc_res N -
rwmutex cs_repetitions . railroad o
echo TokenRing eratosthenes  ©
MAPK SharedMemory simple_Ibs
Kanban Philosophers neo-election

. FMS Peterson . philo_dyn

Models
participated = > .
Max Value reached === . Crocodile
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MODELS & EXAMINATIONS
PROCESSED BY TOOLS (STATE SPACE)
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@ LolLa* and Sara did not par'rucupated in the State Space generation
ring lamport fmea ) :
planning galloc_res o /
rwmutex cs_repetitions . railroad T
echo TokenRing eratosthenes 3 /
MAPK SharedMemory simple__Ibs
Kanban Philosophers neo-election
. FMS Peterson . philo_dyn
Models
participated = ” =
Max Value reached —==" Helena
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MODELS & EXAMINATIONS
PROCESSED BY TOOLS (STATE SPACE)

@ LolLa* and Sara did not participated in the State Space generation
ring lamport fmea
planning galloc_res
rwmutex Cs_ repetitions . railroad
echo TokenRing eratosthenes
MAPK SharedMemory simple_Ibs
Kanban Philosophers neo-election
. FMS Peterson . philo_dyn
Models
participated == . N
Max Value reached === VV ITS-Tools
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MODELS & EXAMINATIONS
PROCESSED BY TOOLS (STATE SPACE)
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@ LolLa* and Sara did not par'rucupated in the State Space generation
ring lamport fmea
planning galloc_res
rwmutex Cs_ repetitions . railroad
echo TokenRing eratosthenes
MAPK SharedMemory simple__Ibs
Kanban Philosophers neo-election
. FMS Peterson . philo_dyn
Models
participated = ” P
Max Value reached === Marcie
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MODELS & EXAMINATIONS
PROCESSED BY TOOLS (STATE SPACE)

@ LolLa* and Sara did not participated in the State Space generation
ring lamport_ fmea \\
planning galloc_res
rwmutex Cs_repetitions . railroad
echo TokenRing eratosthenes
MAPK SharedMemory simple__Ibs
Kanban Philosophers neo-election

. FMS Peterson . philo _dyn

Models
participated =" % ‘
Max Value reached === Neco
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MODELS & EXAMINATIONS
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@ LolLa* and Sara did not par'rucupated in the State Space generation

ring

planning

rwmutex

echo

MAPK

Kanban

lamport fmea

galloc res

Cs_ repetitions . railroad

TokenRing eratosthenes

SharedMemory simple_|bs

Philosophers neo-election

Peterson . philo dyn
Models

participated = -

Max Value reached === PI\‘IX7[’)D
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MODELS & EXAMINATIONS
PROCESSED BY TOOLS (STATE SPACE)

@ LolLa* and Sara did not participated in the State Space generation
ring lamport fmea \ T
planning galloc_res » “‘killingh;ize
rwmutex Cs_ repetitions . railroad / s>?
echo TokenRing eratosthenes
MAPK SharedMemory simple_Ibs
Kanban Philosophers neo-election
. FMS Peterson . philo_dyn
Models “S-repetitio,
eo,a’;ning
participated = ” L — Slection
Max Value reached =—==""" PNXDD
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n iNa, Helena, LoLa™ and Sara participate
Q@ Only AIPiNa, Helena, LoLa* and Sara participated

MODELS & EXAMINATIONS
PROCESSED BY TooLS (REACHABILITY)

ring lamport fmea =

planning galloc_res K :

rwmutex cs_repetitions . railroad . / N

echo TokenRing eratosthenes | \\\

MAPK SharedMemory simple Ibs | \‘

Kanban Philosophers neo-election /,

. FMS Peterson . philo_dyn \\\ /’/

Models . /

Joprocessed formulas%
participated ="

Max Value reached === "
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n iNa, Helena, LoLa™ and Sara participate
Q@ Only AIPiNa, Helena, LoLa* and Sara participated

MODELS & EXAMINATIONS
PROCESSED BY TooLS (REACHABILITY)

ring lamport fmea ) \
planning galloc res , S

/ - - - .
rwmutex cs_repetitions railroad . o S~ \

/ h R \
echo TokenRing eratosthenes | N \\
MAPK SharedMemory simple Ibs | ‘
Kanban Philosophers neo-election ’

\ /

\ /

. FMS Peterson . philo dyn \ K

\

/
Models

Joprocessed formulas% )
par.ﬂCipa'red I .

Max Value reached === Helena
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n iNa, Helena, LoLa™ and Sara participate
Q@ Only AIPiNa, Helena, LoLa* and Sara participated

MODELS & EXAMINATIONS
PROCESSED BY TooLS (REACHABILITY)

ring lamport fmea

planning galloc res

rwmutex cs_repetitions . railroad

echo TokenRing eratosthenes

MAPK SharedMemory simple_|bs ‘

Kanban Philosophers neo-election /,
. FMS Peterson . philo _dyn \\\ .

Models .

Joprocessed formulas%

participated = <

Max Value reached —=== L oLa-binstore
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n iNa, Helena, LoLa™ and Sara participate
Q@ Only AIPiNa, Helena, LoLa* and Sara participated

MODELS & EXAMINATIONS
PROCESSED BY TooLS (REACHABILITY)

ring lamport fmea =
planning galloc_res K :
rwmutex cs_repetitions . railroad . /
echo TokenRing eratosthenes -
MAPK SharedMemory simple_lbs :
Kanban Philosophers neo-election

. FMS Peterson . philo _dyn

Models

Joprocessed formulas% )
par.ﬁCipG"’ed I .

Max Value reached —==="




MEC
=1

e
F. Kordon - LIP6/MoVe - UPMC 16 p SUMo 2011 - l\‘lledel Checking Contest reporthﬁr'\e 26, 2012

n iNa, Helena, LoLa™ and Sara participate
Q@ Only AIPiNa, Helena, LoLa* and Sara participated

MODELS & EXAMINATIONS
PROCESSED BY TooLS (REACHABILITY)

ring lamport fmea

planning galloc res

rwmutex cs_repetitions . railroad

echo TokenRing eratosthenes !

MAPK SharedMemory simple lbs \‘

Kanban Philosophers neo-election )
. FMS Peterson . philo_dyn \\\ ’/

Models \\

Joprocessed formulas% )
par.ﬂCipa'red I .

Max Value reached ===
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n iNa, Helena, LoLa™ and Sara participate
Q@ Only AIPiNa, Helena, LoLa* and Sara participated

MODELS & EXAMINATIONS
PROCESSED BY TooLS (REACHABILITY)

ring lamport fmea

planning galloc res

rwmutex Cs_ repetitions . railroad

echo TokenRing eratosthenes ‘\\

MAPK SharedMemory simple Ibs L‘

Kanban Philosophers neo-election |
. FMS Peterson . philo _dyn :

Models

Joprocessed formulas% )
par.ﬁCipG"’ed I .

Max Value reached ===
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@ Only AlPiNa and Helena participated

MODELS & EXAMINATIONS
PROCESSED BY TOOLS (STRUCTURAL)

ring lamport fmea - \
planning galloc res .
rwmutex cs_repetitions . railroad . \
\
/
/
echo TokenRing eratosthenes / \\
! \
MAPK SharedMemory simple_Ibs \‘
Kanban Philosophers neo-election | "
\\ i
. FMS Peterson . philo dyn \ )
\
\
Models \

Joprocessed formulas%
participated ="

Max Value reached —==" AIPiNA
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echo

MAPK

Kanban

MODELS & EXAMINATIONS
PROCESSED BY TOOLS (STRUCTURAL)
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@ Only AlPiNa and Helena participated

lamport fmea

galloc res . S
_ ) \
/ \
cs repetitions . railroad // P T \
— ~ N \
/ - N .
. / A \
TokenRing eratosthenes / \ \
! \
. ! \
SharedMemory simple Ibs |
Philosophers neo-election \ |
|
Peterson . philo dyn \ )
\
Models \
\
\

Joprocessed formulas% )
par.ﬂCipa'red I .

Max Value reached —=="" R
Helena
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@ Only AlPiNa and Helena participated

MODELS & EXAMINATIONS
PROCESSED BY TOOLS (STRUCTURAL)

at
SUMo 2011 - lYIedel Checking Contest reportﬁ\e 26, 2012

ring lamport fmea "
helgh-r
planning galloc res <<k’”i’"g mOd I
r €lss
rwmutex Cs_ repetitions . railroad E
echo TokenRing eratosthenes /
MAPK SharedMemory simple Ibs /
Kanban Philosophers neo-election gﬂ
. FMS Peterson . philo_dyn \ hcs reperi'hbn
€c
* gal €ratosth
Models OC_peg ene
| MAapg

Joprocessed formulas%

Pallroad rin P/anmng '

participated = ==

Max Value reached === ’ P
Helena
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Q@ We had a bench of «big ones»

¢ From Paris and from Rostock

THE «SURPRISE MODEL»

@ Unfortunately...
¢ Formula analysis ended last Sunday evening (about 23h00)

Q@ Due to the number of «small problems» to be solved...
¢ No possibility to operate this examination this year
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RESULTS WERE DIFFICULT TO ANALYZE

Q@ The execution itself was shorter than expected
¢ Around 6+8 hours (both examinations)

Q@ But outcomes were much bigger (see next slide)

Q state space analysis

€ This is possible

¢ «comparison» is also possible
@ Formula evaluation

¢ This is more difficult
Some problems come from the original requirements
¢ Comparison impossible
All tools do not process the same subset of formulas
Most formulas where false

@ More work is needed on formulas for the next edition
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Q@ No (more than last year) interest in a «race»

2
Q 654 charts generated

¢ 358 for the state space examination

3
Comparison of CPU, elapsed time, Memory, ’
Evolution of memory and CPU

Radars

¥ 296 for the formulas examination (reachability and structural)

Comparison of CPU, elapsed time, Memory (no signification)
Radars

Q@ Identification (partial) of some «surprises» discovered when test
were processed

¢ How tools scale up
P/T and colored

¥ Some observations on time and memory consumption
¥ Feed back with tools' characteristics

€
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Memory for state space generation (FMS)

4000 P - ]
3500 /o e B —-- :
.
3000 S e T -
S 2500 A B :
>
> 2000 S — |
= |
) T Nt SO ds S - OO U z!
= |
,,,,,,,,,,,,,,,,,,,,,,,,,,, R e —
§l | |
g 9 S 2
g o o %

Scaling parameter

AlIPiNa ITS-Tools Marcie PNXDD -- -@- --
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Q@ Marcie (new tool) is doing quite well

CPU for state space generation (Philosophers)
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STABILITY OF SOME TECHNIQUES

Q@ Decision diagrams for Marcie
Memory for state space generation (SharedMemory)
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Q Eratosthene 500 = 4,13x10'2! states
Memory for state space generation (eratosthenes)
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SOMETIMES, «SIMPLE» IS BETTER

@ Helena beats them all (philo_dyn 50 = 2,26x10° states)
Memory for state space generation (philo—dyn)
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RWMUTEX

Q@ The tool going farer used a combination of techniques
Memory for state space generation (rwmutex)
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SIMPLE_LBS

Q@ The tools that go farer also use a combination of techniques

Memory for state space generation (simple-Ibs)
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CS_ REPETITION?

PNXDD, CPU/Memory over execution for cs—repetitions (25)
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CS_ REPETITION?

Marcie, CPU/Memory over execution for cs—repetitions (25)
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CS_ REPETITION?

AIPiNa, CPU/Memory over execution for cs—repetitions (25)
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AlPiNa, CPU/Memory over execution for cs—-re| ‘tic  2F
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PLANNING
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PLANNING

F. Kordon - LIP6/MoVe - UPMC
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NEO-ELECTION

F. Kordon - LIP6/MoVe - UPMC
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NEO-ELECTION
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ON FORMULAS

@ It is impossible to really evaluate
¢ Charts have been generated but with no real meaning
¢ No execution chart (tracking bug)

@ On the number of evaluated reachability formulas

¢ LoLa-binstore is clearly better (LoLa-bloom has more fails)
¢ AlIPiNa does not scale up well

Q On the number of evaluated structural formulas
¢ AIPiNa beats Helena (more formulas and less fails)

Q@ Let us note that sometimes tool diverge
¢ The vector of evaluated formula is not the same ;-)

Q@ On the state space too
¢ Buts the notion of state (symbolic, explicit) may not be the same.
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OUTCOMES

Q Mitigated results for formulas
¢ Lots of difficulties... and lessons learned
¢ No much time left for analysis (and big data to go through)

@ McC 2013 @ Petri Nets?

¢ The team is ready to go

¥ Need to provide more help to tools submitters
A way to execute a tool on the first instance of each model?

@ What to be proposed in MCC 2013 @ Petri Nets?

* No more complex things (we must stabilize the procedure)
¥ More memory (but 64bits VM then)

¥ More models: models from 2012 and more?

¥ A finer classification of properties
Bounds + Deadlocks + mixed
Satisfiable + Unsatisfiable

@) .
¥ The «surprise model»

€0 €0 €c

)

€
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DOWNLOADING PARTICIPATING TOOLS

AIPINA - CUI, University of Geneva - Switzerland
¥  http://cui.unige.ch/~buchs/Site/About_Me.html

Crocodile - LIP6, Université P. & M. Curie - France

¥ http://www.cosyverif.org (as a part of the environment)

Helena - LIPN, Université Paris 13 - France
€  http://www-lipn.univ-paris13.fr/~evangelista/

ITS Tools - LIP6, Université P. & M. Curie - France
¢ http://ddd.lip6.fr and http://www.cosyverif.org (as a part of the environment)

LoLA Binstore - University of Rostock - Germany
€  http://www.informatik.uni-rostock.de/tpp/lola/

LoLA Bloom - University of Rostock - Germany

¢ http://www.informatik.uni-rostock.de/tpp/lola/

Marcie - BTU-Cottbus - Germany

¢ http://www-dssz.informatik.tu-cottbus.de/

Neco - IBISC, Université Evry val d'Essonne - France

¢ www.ibisc.fr/~Ifronc/

PNXDD - LIP6, Université P. & M. Curie - France

€ http://move.lip6.fr and http://www.cosyverif.org (as a part of the environment)

© © © © © © © © © ©

Sara- University of Rostock - Germany
€ http://www.informatik.uni-rostock.de/tpp/lola
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