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ABSTRACT

The Propositional Statechart language described in [4] makes
it possible to provide unambiguous joint diagrammatic spec-
ifications of complex recursive interaction protocols such as
the multilateral voting protocol. Recursive protocols de-
scribed using Propositional Statecharts are not necessarily
finite state, meaning that verification of properties of these
protocols cannot be achieved solely by means of finite state
model checking. In this paper we discuss the verification
of realizability, and reachability analysis, in recursive joint
protocol specifications expressed using joint Propositional
Statecharts.
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1. INTRODUCTION

The current paper considers the verification of two key
properties of joint Propositional Statechart representations
(henceforth known as joint PSCs)'. These are realizability
[6] (also referred to by some authors as enactability [3]), and
the reachability of states.

In section 2 of this paper we introduce the concept of real-
izability and discuss the verification of realizability in joint
PSCs. Then, in section 3, we discuss reachability analysis
in joint PSCs. We present a brief discussion in section 4.

! Joint PSCs, described in [4], represent the state of a pro-
tocol as a whole, while agent-centred PSCs, described in [5],
represent a protocol from the point of view of each individual
agent.
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Figure 1: Three examples of blindness. ‘A « to B’
should be read as ‘Agent A sends message a to agent
B’.

.

2. VERIFYING REALIZABILITY

A joint protocol representation is taken to be realizable
(or enactable) if there exists an implementation of a protocol
(defined a set of agent-centred protocol representations) that
generates exactly the set of behaviours described in the joint
specification [6]. Here we consider a number of situations in
which joint protocol representations may not be realizable,
presenting examples where appropriate using joint PSCs.
We then discuss whether polynomial time algorithms exist
for the verification of realizability of joint PSCs.

2.1 Problems Related to Realizablility

An important class of realizability problem is that of blind-
ness. Blindness may arise in interactions involving three or
more agents, and refers to the possibility of a joint specifica-
tion instructing some agent to make a decision based on the
state of a private sub-interaction in which that agent is not
involved. Joint protocol specifications that exhibit blindness
problems are often difficult to implement in practice without
violating the privacy of the conversations involved.

Three examples of blindness are shown in figure 1. Each
of these joint PSC representations is deemed unacceptable,
since it is not possible to produce agent-centred representa-
tions that correspond exactly to the joint representations.
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Figure 2: A simple recursive joint PSC description.

2.2 Verifying Realizablility in PSCs

In essence, the blindness problem illustrated in figure 1
arises when a protocol specifies that a message may be sent
by some agent while the protocol is in a state which may have
been preceded by a transition event in which that agent was
not involved®. Since this is the case, realizability of joint
protocol definitions produced using PSCs can be checked by
annotating every state with a set of valid senders, defined
as the intersection of the set of agents involved in each tran-
sition event that leads to that state, and the set of agents
that are involved in the interaction in that state, as specified
using braces as part of the state label.

We can say that a joint protocol specification represented
by a joint PSC is realizable, in that it does not display blind-
ness, if and only if the sender of any message that forms
part of some transition event is a member of the set of valid
senders associated with the state from which the relevant
transition emanates. The set of valid senders associated
with any state can be computed by computing the transitive
closure of a state hierarchy function, and taking the inter-
section of the sets of agents associated with each member of
the resulting set. This can be computed in polynomial time.
Since the set of senders of any message contained within a
given event label can be computed in linear time, the real-
izability of the protocol represented by any given joint PSC
can be computed in polynomial time.

3. REACHABILITY ANALYSIS

Reachability analysis provides a basis for the verification
of a number of properties, such as safety and liveness prop-
erties, guaranteed termination, and atomicity properties. In
our discussion we distinguish between diagram states and
protocol states. We use the term diagram state to refer
to any atomic state that is represented explicitly in the ab-
stract PSC representation of an interaction protocol. We
use the term protocol state to refer to a global state of the
protocol. A recursive protocol specification expressed using
a PSC will have a finite number of diagram states, while the
set of protocol states may be unbounded.

Reachability analysis in joint PSC representations can be
performed via their conversion into Recursive State Ma-
chines, or RSMs, discussed in [1]. It is possible to directly
translate joint PSC representations into RSMs in linear time,
and, if this is done in such a way that the resulting RSM
has a single initial protocol state, this makes it possible to
calculate the set of diagram states that is reachable from the
initial protocol state, using the algorithm described in [1].

Reachability analysis in agent-centred PSC representa-
tions is undecidable for full PSCs, since they are sufficiently

2We say that an agent is ‘involved’ in some message if it is
a sender or recipient of that message.
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expressive to represent unbounded buffers. The problem
of determining reachability in systems of communicating fi-
nite state automata with unbounded buffers was shown to
be undecidable in [2]. If we consider a weaker variant of
agent-centred PSCs in which finitely bounded buffers are
assumed, reachability analysis is decidable if a maximum of
one agent’s representation of the protocol is defined recur-
sively. This follows from the fact that reachability analysis
in systems of communicating pushdown automata has been
shown to be undecidable, as discussed in [1].

4. DISCUSSION AND RELATED WORK

In this paper we have discussed the verification of two key
properties of joint specifications of agent interaction pro-
tocols expressed using Propositional Statecharts. We have
briefly described a technique for verifying realizability, and
have also argued that the verification of reachability is decid-
able via translation to Recursive State Machines. We have
focused on the verification of properties of joint specifica-
tions of agent interaction protocols expressed using Proposi-
tional Statecharts. Due to space restrictions the description
presented here has been necessarily brief. However, a more
comprehensive treatment will be provided in a forthcoming
doctoral thesis by the first author of this paper.

Realizability in open systems has been studied in a num-
ber of areas, such as the analysis of web service compositions
[6], [3]. The approach presented here differs from that put
forward in [6], [3] in that it extends to recursively defined
infinite state specifications as well as finite state specifica-
tions.

The most common approach to reachability analysis in
interaction protocols for multi-agent systems to date has
been through the use of finite state model checking tech-
niques, which are not applicable to the infinite state systems
that can be described using joint Propositional Statechart
specifications. In light of this, the work presented here is
more closely related to work on infinite state verification,
discussed in [1].

5. REFERENCES

[1] Alur, R., Benedikt, M., Etessami, K., Godefroid, P.,
Reps, T., and Yannakakis. M., Analysis of Recursive
State Machines, in ACM Trans. on Programming
Languages and Systems, 27(4), 786-818, 2005.

[2] Brand, D. and Zafiropulo, P., On Communicating
Finite-State Machines. J. ACM, 30(2):323-342, 1983.
[3] Desai, N. and Singh, M. P., Checking Enactability of
Business Protocol Specifications, AAAI Conference on

Artificial Intelligence (AAAI), 2008.

[4] Dunn-Davies, H.R., Cunningham, R.J. and Paurobally,
S. Modularity and Composition in Propositonal
Statecharts, In Proceedings of Diagrams 2006, LNCS
4045, Springer, 98-103, 2006.

[5] Dunn-Davies, H.R., Cunningham, R.J. and Paurobally,
S. Deriving Agent-Centred Representations of Protocols
Described Using Propositional Statecharts, In
Proceedings of AAMAS 2007, ACM, 2007.

[6] Fu, X., Bultan, T, and Su, J. Realizability of
Conversation Protocols With Message Contents,
International Journal of Web Services Research, 2(4),
68-93, 2005.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 36
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 36
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 36
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings with Distiller 7.0 or equivalent to create PDF documents suitable for IEEE Xplore. Created 29 November 2005. ****Preliminary version. NOT FOR GENERAL RELEASE***)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


