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“Stubborn sets for reduced space generation”, Valmari, Petri Nets 1989

“Using partial orders to improve automatic verification methods”, Godefroid “Dynamic partial order reduction for model checkin software”. Flanagan,
CAV'91 Godefroid, POPL'05

“Verification of distributed programs using representative interleaving sequences”,
Katz, Peled, Distributed Computing’92

“Stubborn Set Intuition Explained”, Valmari, Hansen, Transactions on Petri Nets
and Other Models of Concurrency, 2017

“Source Sets: A foundation for Optimal Dynamic Partial-Order Reduction”,
Abdulla, Aronis, Jonsson, Sagonas, POPL’'14, JACM’17

“Dynamic Partial Order Reduction”, Marek Chalupa, Krishnendu Chatterjee,
Andreas Pavlogiannis, Nishant Sinha, and Kapil Vaidya, POPL'17

Chatterrjee CAV21 [chatterjee-por-cav21.pdf]

“Truly Stateless, Optimal Dynamic Partial Order Reduction”, Kokologiannakis,
Back to state-full Marmanis, Gladstein, Vafeiadis, POPL'22

“Automated hypersafety verification” Farzan, Vandikas, CAV’19

SymPaths: Symbolic Execution Meets Partial Order Reduction, de Boer, F.S.,
Bonsangue, M., Johnsen, E.B., Pun, V.K.I., Tapia Tarifa, S.L., Tveito, L. (2020)
“Sound Sequentialization for Concurrent Program Verification”, Farzan, Klumpp,
Podelski, PLDI’22

“A Pragmatic Approach to Stateful Partial Order Reduction”, Cirisci, Enea. Farzan

Mutiuergil, VCAI'23 Handling blocking (stateless)
» “Stratified Commutativity in Verification Algorithms for Concurrent Progre
Farzan, Klumpp, Podelski, POPL’23 » Awaiting for Godot: Stateless Model Checking that Avoids Executions where

Nothing Happens, Jonsson, Lang, Agonas, FMCAD22
¢ Unblocking Dynamic Partial Order Reduction, Michalis Kokologiannakis , lason
Marmanis, and Viktor Vafeiadis, CAV’23



é/éere FOIQ S apcfv(

/”Oole(— céec/@; [frogpess (&r/ea'a({; Jlalele,; moleld- Jec/&,})

“Dynamic partial order reduction for model checkin software”. Flanagan,
Godefroid, POPL'05

f/"& l/l'h; Ca/rcczte:) o/ Cax«zc_‘kf/'c}?f //97/::«;«,_/
“Sound Sequentialization for Concurrent Program Verification”, Farzan, Klumpp,

Podelski, PLDI’22
Sﬁméolz'c e}({CaZ’Oh ) . ) ,
SymPaths: Symbolic Execution Meets Partial Order Reduction, de Boer, F.S.,
Bonsangue, M., Johnsen, E.B., Pun, V.K.l., Tapia Tarifa, S.L., Tveito, L. (2020)

VZV///CC( (o 3/ lineel Jj,}?élh,j

/»—oéa 6,7y Zec 594 Temy



How FPOR works
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How FOR works
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Handling blocking (stateless)

¢ Awaiting for Godot: Stateless Model Checking that Avoids Executions where
Nothing Happens, Jonsson, Lang, Agonas, FMCAD22
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Marmanis, and Viktor Vafeiadis, CAV’23

o)



y ]
#/aq/ 5&-/ Cam O/Zl:ha( J'Z:‘Z;/e» Jef,

4 V,’
Vi, C// \“\ch
/Ziv L /vrocewe) VLJ/ S o - EM&Q )

‘“d &
NS

ell ”hermufcam \

N
o L \/ \ /

n! ypela, nl palis

repesiel

= CM’// / Z((}LLZJ



° “TZL('/( ia;eo'( o7

J’cn‘//'ﬁ}/c

/N
c\ /d

/30 fé arc

Statefull [FOR

Z GX/{‘/aVof(‘g;. 0s e

a,/\é..,
e\

opLimal :

/E/J{‘) fe,,f/cua/«/c e +

ch?

(ée// Jefj’
> ...
J/ha“j,«u/o4 }_Jj:
¢
b ) N
‘9 gr ‘*«/ : /d
c",'g// Ve,
S

Z;'ac-e Ck/7/v e/

\SfaZLC(@JJ /1}0644?( /7rdo/acc ZLAZ 65'7 7/‘0\/4ﬁ

< f /ho;f Chce



G‘OOJ POR ‘7»'1 74,«, s zm/nh /é
Mlﬁﬂ/?) 5 Z‘Ae JMale.;?L /74{/#/6// D/fa ey % < ,jga/,,/ afno{ CO/);//( 7-\/‘/#/

ﬂ% oy ;Zc?_ﬁi/ % ‘75'1/(’4 P C'dn;f/a.¢/f a \faanv( cund (ﬂ/h//?zz; 7\[/0:/ P
g Size < 2 (mnlI(P))  Tine <r(/Plemi7IP)

T////”) ; y /#’ V/ 44 féen /Ze//-e 4 Vi 7ﬁoa/ PO/Z O/‘(ﬁﬂ//( '/Z/h_



7//’//7 %Z L F NP Then Iheve 4 s 7500/ FOR 0/971/{"/2/?’/\

Fdr a 500/2601 /"’ﬂréf/é « C@n/?ﬁz«j‘ Vs

%

LT

Y ¢ mlTAT Ziew  wi/T(F,) £ 61/
: jf ¢« JAT Ties M//?]:f[?tc) > Z valuclionr J‘a//—'/%j/l.; e

P/vo%! Jate ¢« =% (2 v2)n . A (2,,., v2.,)
¢ JAT Then < hoy > 27 ralisfolss valeaZsons
Pew Ay [ Jo) S r(Glel) line.
772 ‘L Slps ¥ G ol SAT
771 /i Aoes nol 375)?/ “ 5 SAT



KO
Ce>

O

Ce
:>J

X
s

o
Ceo

I 29

Ceo

4\

~

o
Ry

> 0

/-\L'/\~

" —
> Qo)

Kul
A
~—

0l

n

o2

LN

>
~\K~\
)
S/
'\Q

é[ « hofJ/47 Z_é?n 4 AOVE

/% E 5/47/ 77)1‘—’/4 Z%erc are

rany wil4 &

(45 Teasd % e,



W/:af r/[o &e LQVC ?

SZ&Q[:C/“/ POE 0‘(70//'/2/7«7f ZZG(L' Ao{ho{/e g{dc:%/'h;
Kaf o pe ﬁaf 7000( :)



CONCLUSIONS

We are interested in stateful POR methods

Finding subclasses for which good POR algorithms exist: acyclic architectures

Finding heuristics working in practice (based on reversals)

Impossibility results:

We cannot determine if a transition system will be small or large by simply looking at the program.
This means that there is no nice syntax for parallelism avoiding state explosion
(without limiting the kinds of models we can write in an important way).

Show that optimal stateless POR with blocking is impossible



