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In a nutshell

This work offers the characterization of
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coming from
Labelled Configuration Structures®
in
Reversible Calculus of Communicating Systems (RCCS).
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Concurrent calculus
Study of behaviour. J

Good calculus Interesting way(s) of equating similar behaviors
CCS Bissimulation
Weak Bissimulation
RCCS Back-and-forth Bisimulation (B&F)

Good models Interesting way(s) of equating similar behaviors
Conf. Structures Hereditary History-Preserving Bisimulation (HHPB)

Our result
HHPB = B&F
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Why do we care about HHPB?

Acta Informatica 37, 229-327 (2001)

Wityglica

© Springer-Verlag 2001

Refinement of actions and equivalence notions
for concurrent systems

Rob van Glabbeek', Ursula Goltz*

conflict [Winskel] upgraded with a termination predicate. We argue that his-
tory preserving and hereditary history preserving equivalence both preserve
causality, branching, and their interplay, and both abstract from choices be-
tween identical alternatives; however, the latter may be the finest reasonable
equivalence with these properties — it thoroughly respects the internal struc-

ture of related systems — whereas the former may be the coarsest equivalence
of this kind, still making nontrivial identifications.

—al O s
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INEORMATION AND COMPLTATION 127, 1641155 (1996)
Nerens e 0057

Bisimulation from Open Maps

ANDRE JovaL

Dépuartement de matiératigues et dinformatique, Université d Ouébec d Montréal, Moniréal, Qucbec Canada I13C 3PS,
A

MoGexs NIELSEN AND GLYNN WINSKEL

Computer Science Deparimens, Aups Univrsiy, $000 Aarhus C, Denmark

An abstract inition of bisii ion is p It makes possible
a uniform definition of bisimulation across a range of different models
for parallel computation presented as categories. As examples, trans-
ition systems, synchronisation trees, transition systems with inde-
pendence (an abstraction from Petri nets), and labelled event struc-
tures are considered. On transition systems the abstract definition
readily specialises to Milner’s strong bisimulation. On event structures
it explains and leads to a strengthening of the history-preserving
bisimulation of Rabinovitch and Traktenbrot and van Glabeek and

\‘7-,/"\ "J\O\J\\.—«
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Why do we care about HHPB?

Theorenc

*22*"ScienceDirect

ELSEVIER  Flecronic Notsin Theortical Compter Scince 192 2007) 93108 s
o el ot e

Reversibility and Models for Concurrency

Tain Phillips'

Depariment of Computing
tnoia Colloe oo
130 Quen's Gt oo S0 A%, United Kingdom

Irek Ulidowski*

Uniersity R, 12 Y, United Kinadom

tion laws (a | (b+¢))+(a | B)+((a+¢) | b) = (a | (b+€)+((a+c) | ). We show
that FR bisimulation coincidos with hereditary history-preserving (HP) bisimula-
tion, which is regarded as the canonical true concurrency equivalence [1,5,7,3]. The
result holds for reversible transition systems with no auto-concurrency and with
1o auto-cansation, and since CCSK gives rise to such transition systems the result

holds for CCSK.
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tion law: (a | (b+¢)) = (a | b)+ ((a+c) | b) = (a| (b+c)+ ((a+c) | b). We show
that FR bisimulation coincides with hereditary history-preserving (HHP) bisimula-
tion, which is regarded as the canonical true concurrency equivalence [1.5.7.3]. The
result holds for reversible transition systems with no auto-concurrency and with
no auto-causation, and since COSK gives rise to such transition systems the result
holds for CCSK.
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Why do we care about HHPB?

Contents lsts available a ScienceDirect
Journal of Logical and Algebraic Methods in
Programming

milocateflamp.

ELSEVIER

Contextual equivalences in configuration structures and @mm,k
reversibility

Clément Aubert®®**1, loana Cristescu '
A e
o,

. LACL (A 4219), UPEC 54010 ot race
s i . UMK 7126, 1-75205 P, Frnce

4. Conclusions and future work

We showed that, for a restricted class of RCCS processes (coherent, without recursion, auto-concurrency nor auto-conflict
(Definition 26)) hereditary history preserving bisimilarity has a in CCS. We used the barbed

congruence defined on RCCS as the congruence of reference, adapted it to configuration structures and then showed a
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(Erroneous) Conjecture
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R; and R; in R are “simple” back-and-forth (SB&F) if
IR c RxRsuch that (Ry, Rz) € R, and if R} is (forward or backward) reachable from
R, ie{1,2},and (R, R,) € R, then

VR, 5 R = 3Ry R, > RY

¥Ry % Ry = 3R, R, % R

VR, > R = 3Ry, Ry~ RY

a a
vRy % Ry = 3RY, R > RY

(Erroneous) Conjecture
Ry and R, are SB&F iff [R4] and [R.] are HHPB.
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The terms a.aand a| a are SB&F
a a
aa—a —0

a|aia 20

The configurations [a.g] and [a| a] are not HHPB
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The terms a.aand a| a are SB&F
a a
aa—a —0

a|aia 20

The configurations [a.g] and [a| a] are not HHPB

{ay, ax}

({a1},{ax},{a1 = a}),
}

R = {(®’®7®)7 ({31 }7 {31}, {31 g 31}),
({ar, a2} {a1, a2}, {ar1 — a1, a2~ a2}),

Clément Aubert, loana Cristescu




How Reversibility Can Solve Traditional Questions: The Example of HHPB

What we know so far
— The “right” equivalence for reversible calculi is not “just” back-and-forth + labels,

10

Clément Aubert, loana Cristescu



How Reversibility Can Solve Traditional Questions: The Example of HHPB

What we know so far
— The “right” equivalence for reversible calculi is not “just” back-and-forth + labels,
— Two transitions with the same label cannot be distinguished (auto-concurrency),

10

Clément Aubert, loana Cristescu



How Reversibility Can Solve Traditional Questions: The Example of HHPB

What we know so far
— The “right” equivalence for reversible calculi is not “just” back-and-forth + labels,
— Two transitions with the same label cannot be distinguished (auto-concurrency),

= Use RCCS'’ identifiers!

10

Clément Aubert, loana Cristescu



How Reversibility Can Solve Traditional Questions: The Example of HHPB

What we know so far
— The “right” equivalence for reversible calculi is not “just” back-and-forth + labels,
— Two transitions with the same label cannot be distinguished (auto-concurrency),

= Use RCCS'’ identifiers!

10

Clément Aubert, loana Cristescu



How Reversibility Can Solve Traditional Questions: The Example of HHPB

RCCS’ identifiers

Reversible Communicating Systems

Vincent Danos'* and Jean Krivine?

! Université Paris 7 & CNRS
2 INRIA Rocquencourt

Monitored Processes. ITn RCCS, simple processes are not runnable as such, only
monitored processes are. This second kind of process is defined as follows:
Memories: m= () Empty memory
| @-m Left-Fork
| @-m Right-Fork
| oo, Py-m Semi-Synch
| (o, P)-m Synch
Monitored Processes: R z=mp P Threads
| (R|R) Product,
| (a)R Restriction
w\o—-’ \/ Tt gt et
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RCCS’ identifiers

% Journal of Logical and Algebraic Methods in

Contextual equivalences in configuration structures and @
reversibility *

Clément Aubert*, loana Cristescu™"*

Grammar. Consider the following process constructors, also called combinators or operators:
e:={(i,a,P)
m:=o || Y.m | em
P,Q:=2P || PIQ || ~P+7.Q || P\a | O
R.S:=m>P || RIS | R\a

A (memory) event e = (i, «, P) is made of:

(memory events)
(memory stacks)

(CCS processes)
(RCCS processes)

o An event identifier i € | that tags transitions. We may think of them as pid, in the sense that they are a centrally

distributed identifier attached to each transition.

w\/‘\./\/\--“_,.anl\/\\_"
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RCCS’ identifiers
% meim’;;:iﬁ;l:%%‘::mhm’“

SEVIER — -~

Contextual equivalences in configuration structures and @

IN+ i¢1(m)
m>aP+Q -5 ¢ia Q) me P

outt _ ig1(m)
meaP+Q —5 (i,a Q)mpeP

L Es— S (U]
(e, Q)mePSmeaP+Q

or- ————— i¢lm)
(i,a,Q)mr>P S mpaP+Q

(a) Prefix and sum rules

e L, B, ia
R R
comp =R S=5 g - i£105)
RIS=5 R[S RISS RS
[T e o,
Com— R2R S5 PARR i i¢1(S)
RISER|S SIRSsIR

(b) Parallel constructions
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How Reversibility Can Solve Traditional Questions: The Example of HHPB

Cy and C, are HHPB if
IR cCy x Co x (Ey — Ep) such that (2,3, 2)e R, and if (x1,X2,f) € R, then fis a
label- and order- preserving bijection between x; and x, such that:

VY1, X =y = 3y, 0o Xe —> Yo, O = F, (Y1, Y2, 9) € R
V}’2,X2—>}’2=>3}’1,Q7X1 —>Y1 x =L (V1,)2,9) €R

Yy, X4 "W’Y1 = 3Y2,Q7X2M}’2,Q= fty,, (V1,¥2,9) € R

(=2} €4
VYZ,XQMY2:> E|y1,g,X1 MY1,g: ffyﬁ(Yh}’Zag) €R
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Ry and R, are B&F if
IR cCqy x Co x (Ey -~ Eo) such that (3,3, @)e R, and if (x1, X0, f) € R, then fis a
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R; and R, are B&F if
FRcRA xR x|~ lsuchthat (g > Og,,2@> Og,,2)e R, and if (x1,x2,f) € R, then f is
a label- and order- preserving bijection between x; and x, such that:
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R; and R, are B&F if
IR cRx R x| —lsuchthat (g > Og, o> Og,,@)eR, and if (Ry, Rz, f) € R, then f
is a label-and-order--preserving bijection between /(R;) and /( R>) such that:

Vy1, X1 —>}’1 = d)y»,9, X2 —>Y2, x =L (V1,)2,9) € R
VYo, Xo 25 Yo = 31,00 X1 —> Y1, 9t = F, (Y1, ¥2,9) € R

€4 €2
v.y17X1 MY1 = 3}’279’)(2%}/2,9: ffy1;(Y1’}’2ag) €R

(=2} €4
VYZ,XZM}/2=> 3)’1,9’)(1 WY1,Q= ffy1a(Y1,}’2ag) €ER
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R; and R, are B&F if
IR cRx R x| —lsuchthat (g > Og, .o > Op,,@)e R, and if (Ry, Rz, f) € R, then f
is a label-and-order-preserving bijection between /(R;) and /(R) such that:

VR, Ry = R, = 3R}, g, R => Rb,glr, = f, (R}, Ry, g) e R
VRévRZ 2 R;_: Equag:R1 i RLQTR = f)(RqaRévg) €eR

VH1>R1 W R1 = EIRQ;Q; RZ H27g f Ff' (RMRQ?g) €eR

VRz,Rz 323391,9391””91’9 flrr (Ri,R,9) e R
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R; and R, are B&F if
IR cRx R x| —lsuchthat (g > Og, o> Og,,@)eR, and if (Ry, Rz, f) e R, then f
is a label-and-order--preserving bijection between /(R;) and /(R>) such that:

VR47R1 E) R‘II = ElR.éng’RZﬁ) Réugr:‘:ﬁ = fv(R‘,hR;Jg) eR
VRéaﬂ.?Ie_a) R.;_: Equ?g?R1 ﬁ) R‘?agr,‘? = f:(RqaR;_?g) €eR

VR17R1 R1 = EIF',Zaga R2 R2ag f R’ (R15R2ag) €eR

VRZ)RZ R233R1 g,F‘l"| R-I,g fR/ (R1,R2,g D
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R; and R, are B&F if
FRcRA xR x| —Isuchthat (> Og,,o> Og,,@)e R, and if (R, Rz, f) e R, then f
is a label-and-order--preserving bijection between /(R;) and /(R>) such that:

VR47R1 E) R‘/I = E”_?é7g7l?2ﬁ> Réugr:‘:ﬁ = fv(R‘17Ré7g) eER
VRéaRZ _’Z_a) R;_: Equ?g?R1 _Iﬁ’ Rqagr,‘? = f:(RqaRéag) €eR

VR1,R1 R1 = EIR27ga R2 R2ag f Fw” (R17R27g) €eR

VRZ,RZ R233R1 g,R‘| R-I,g fR/ (R1,F‘l’2,g D

— f preserves labels “for free”,
— f will always have to (un-)match i; and i,
— identifiers will induce an order on the transitions.
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Main result
Ri and R, are B&F iff [Og,] and [Og,] are HHPB. J
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Main result
P; and P, are B&F iff [P¢] and [P-] are HHPB.

By-product
On processes without auto-concurrency, B&F = SB&F.
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Example of memory encoding and its correspondence

{a1 ’ 32}
2N
{a,} {az}
N P = a a
Pl- ©
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Example of memory encoding and its correspondence

{a1 3 32}
2N
{a;} {az}
B @B - 9B 2| @D
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Example of memory encoding and its correspondence

{a} ) 32}
N
{a2}

@rP=Ngralvora
[(1,a).v.2| _)1:a->0|.>a
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How Reversibility Can Solve Traditional Questions: The Example of HHPB

In a nutshell (again!)

We solved
an open problem
using
reversibility
and offering
a new model.
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In a nutshell (again!)

We solved
the question of the capturing HHPB in syntactical terms
using
back-and-forth transitions and the memory mechanism
and offering
identified configuration structures.

Thanks! |

We’ll be in the chat to answer your questions!
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