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Abstract. In Promela, the specification language for Spin, messages passing between processes are
able to contain channel identifiers, which intuitively provides a direct way to interpret m-calculus
into Promela and therefore verify specifications in m-calculus with Spin. This paper presents a
rule-based translation algorithm with an experimental tool pi2promela. Regarding the translation,
two types of rules are introduced. One is to generate variables from names in m-calculus, while
another is to generate statements from process expressions. A case study with Bluetooth Service

Discovery Protocol shows its effectiveness.

1 Introduction

n-Calculus [4, 5] is characterized by describing the mobility with a well-built algebraic foundation. It
enables to specify and verify concurrent systems with dynamically evolving communication topologies.
Much theoretical research has been devoted to n-calculus, along with a number of industrial applications.
Such research also contributes to many verification tools for model checking m-calculus, such as
Mobility Workbench [1, 2]; however they’re still not so practical.

On the other hand, Spin [3] has been regarded as an efficient software to specify and verify distributed
systems. Furthermore, in Promela, the input language of Spin, messages passing between processes are
able to contain channel identifiers, which actually provides a concrete way to model the mobility. So one
question may arise whether it’s possible to interpret t-calculus into Promela so as to verify specifications
in mt-calculus with Spin. If so, not only Spin can be extended indirectly to deal with mobile processes, but
also m-calculus may gain much usability from Spin, i.e. to some extent, become executable.

Our work gives a positive answer. This paper presents a rule-based translation algorithm, which
interprets m-calculus into Promela. Furthermore an experimental tool pi2promela has also been
developed in ANSI C. To show its effectiveness, a case study with Bluetooth Service Discovery Protocol
[6] is also presented.

The paper is organized as follows. Section 2 and 3 give a brief introduction on n-calculus and Promela
respectively. The translation algorithm is illustrated in Section 4, while Section 5 shows some
implementation details of the tool pi2promela. Section 6 presents the case study. The paper is concluded

in Section 7 with some future work.



2 w-Calculus

Only two kinds of entities are involved in n-calculus. One is name that is always thought of as the name
of a communication channel, while another is process that expresses some mobile system. Processes use
names to interact, and especially pass names to one another in their interactions.

Letp, g...range over the set of processes, x, y...range over the set of names. The syntax of t-calculus is
given as follows.

p=0laplp+plplpl(mpllx=ylpllp| AX)
a::=r|x(y)|;<y>

0 is inaction that can do nothing. The prefix a.p evolves into p after performing the action ¢. There are
totally three types of actions: the input action, denoted by x(y) that receives any name y via x; the
output action, denoted by X < y >that sends the name y via x; the silent action, denoted by 7 that
expresses an internal action.

The summation p+g¢ represents a nondeterministic choice between p and ¢. If any one of
summands is exercised, another one is rendered void. On the contrary, for the composition p|gq , the
component p and g can proceed in a parallel way and can also interact via shared names. In the restriction
(»)p , the scope of the name x is restricted. For the match [x = y]p , the process p is executable only if
x and y are the same names. The replication ! p can be thought of as an infinite composition p|p|---.

Finally, A(X) represents a process identifier of which the definition is in the form

_def
A(x) =p

3 Promela

In Spin, a formal specification is built using Promela, which is an imperative language supporting
nodeterministism and parallelism with

1) The selection statement if :: sequence [ :: sequence 1* £i, which describes a

nondeterministic choice among those guarded conditions prefiexed by : :, and

2) The predefined unary operator run name ( [ argument list ] ), whichis used to create

new process. The new process executes asynchronously with the current active processes from this
point on.

Promela also provides a direct means to describe interprocess communication via an explicit message
passing channel. Both synchronous and asynchronous communication are supported. For synchronous
communication, the channel works in a rendezvous mode with the capacity of zero; while for
asynchronous communication, the channel works as a FIFO buffer with a nonzero capacity.

For example, chan ¢ = [0] of {chan}; where chan is the keyword for channel declaration.
It defines a single rendezvous (indicated by 0) channel ¢ for messages that contain just one field of type
chan. It’s because the ability to pass channel identifiers in messages that Promela can serve as an optimal
candidate for interpreting n-calculus. The sending and receiving operations are denoted respectively by

3) The sentstatement name ! arguments, which sends messages to the channel specified by name,

and

4) The receive statement name ? arguments, which receives messages from the channel specified

by name.

For detailed Promale grammer, please refer to [7].



4 Rule-based Algorithm

The basic idea of our algorithm comes from the correspondences between concepts in mt-calculus and in
Promela.

o Statements in Promela are the counterpoint of process expressions in w-calculus.

e Variables in Promela are the counterpoint of names in n-calculus;

Therefore our algorithm works by structural reduction on process expressions. Two types of
translation rules are introduced:

e Rules for generating statements from actions and processes;

e Rules for generating variables via name synthesis.

As mentioned above, messages in m-calculus contain only names, no values. So the only variables
concerned during translation are those of type chan. In addition, only synchronous channels are involved

according to the semantics model of m-calculus.

4.1 Statement Generation

Actions are correspondent with atomic statements in Promela. Messages in the Promela code contain

only zero or more channel identifiers. The rules to translate actions are shown in Fig 1.

xX<y>

SILENT — ACT ——  INPUT — 4T ) outpuT - ACT
true x?y xly

Fig. 1. Rules for Actions

The silent action 7 gives its continuation a high priority. For process z.p, the continuation p is enabled
unconditionally at the time. So 7 is interpreted as true. It’s obvious that the input prefix and output
prefix should be translated into the receive and send statement respectively.

Based on action translation, the algorithm interprets process expressions according to their syntactical

structure. The rules to translate process expressions are shown in Fig 2.

wacrion L preFry — %P yparey —LX=¥1p
o(a);,o(p) (x==y)—>a(p)
P plq none of p or q is an identifier ,or

' run Id[pl;0(q) pis an identifer but q is not.

rlyq . o _
PAR is an identifer but p is not.
“run 1d[gko(p) yer but p

PAR, rlg p and q are both identifier s.
run Id|[p]; & & run Id[q];




sum L9 pps(DP pp A A= p
if o(p) proctype A (chan x)
mo(p) {
wo(q) chan z;
£i; o(p)
}

Fig. 2. Rules for Processes

1) For inaction 0, no statement is generated.

2) The prefix and match both are interpreted as sequential statement. Note that the semi-colon and the
arrow are equivalent statement separators in Promela.

3) For the composition, there are three cases. Id [p] represents the identifier of the process p.

a) If one of components is an identifier while another is not, a run statement is used to fork a
process, for the component that is an identifier, proceeding in a parallel way with current
active processes, as rule PAR; and PAR,show.

b) Ifnone of components is an identifier, a new identifier is to be introduced for the first one, i.e.
p, as rule PAR; shows. Such identifier is generated randomly, but certain to be
non-conflicting from others. Then such case can be dealt with as a).

c) If both components are identifiers, two run statements are used to fork two concurrent
processes, as rule PAR; shows.

4) Rule SUM interprets the summation as a guarded selection statement.

5) For the restriction, a local channel variable x is declared for process p in the Promela code.

6) Finally, with rule /DE, the complete definition of a process can then be generated, i.e. the body of
the definition is combined with its interface. Here chan x represents a channel declaration
sequence chan x,, chan x,, .., chan x_, where X =X,%, yees Xy, 20,

Furthermore, these rules for actions and processes can be easily extended for polyadic n-calculus. For
example,
wpur - acr XY
x?y

where ¥ =y,,v,,...,,,120; ; represents an argument listy:, y2, .., ¥n,

4.2 Name Capture Avoidance

Generally speaking, all names can be reused for the definition of variables in the Promela code. However
in m-calculus, a-conversion provides a basic but implicit means to keep names from conflict. The
algorithm has to perform such conversion explicitly, whenever necessary, so that no name conflict may

take place during code generation. Remember that such a-conversion should be injective so that different
names wouldn’t be converted to the same one. Let [S], be the image of a-conversion on name set S.

Definition (name capture avoidance) Let S, T be name sets,
S\T:{(S—T)U[SmT]a if SNT#Q
S otherwise
To be informal, S\T is just the result by performing a-conversion in S on those names shared between
SandT.



As a side effect of rule INPUT-ACT, OUTPUT-ACT, two sets of variables are introduced: one is of
free variables, denoted by FV'(«), while another is of local variables, denoted by BV («) . Here a
variable is said to be free if its scope is not specified yet. Fig 3 shows the definition of FV(e) and
BV(a).

(1) FV(r)=BV(r)=Y
(2) FV(x(y) = {x}, BV (x(y)) = {y}
(3) Frx<y>)={x,y},BV(x<y>=0

Fig. 3. Definition of FV (&) and BV (&)

After each translation step based on rules in Fig 2, name checking is necessary to avoid semantic
errors in the Promela code. Let FV(p) be the set of free variables in the Promela code for process p,
BV (p) be the set of local variables in the Promela code for process p. The definition for FV(p) and
BV (p) is shown in Fig 4, where V()= FV(a)uBV(a), V(p)=FV(p)VBV(p).

(4) Fr)y=BV0)=9
FV(a.p)=FV(a)w (FV(p)-BV(a)),

(3) BV (a.p) = BV (a) U (BV(p)\V(a))
(6) FV(p+q)=FV(plq)=FV(p)YFV(g),
BV(p+q)=BV(p|lq)=(BV(p)\FV(q)w(BV(g)\V(p))
7 FV([x=ylp)=FV(p)uix, y},
BV([x=ylp) =BV (p)\{x, »}
@) FV((w)p)=FV(p)—1ix},
BV ((w)p) ={x} W (BV (p) \{x})
(9) FV(AX)=FV(p)-{x|x in X},

BV(A(X))=BV(p)Ui{x|x in X}

Fig. 4. Definition of F¥V(p) and BV (p)

Two types of name checking are mandatory here. One is name binding, i.e. to determine the scope of
a free variable. For example, if FV(p)nBV(a)#J , assuming x € FV(p)n BV («) without loss of
generality, x is free in p, however its scope is restricted to «.p at this time, namely
x ¢ FV(a.p), x € BV(a.p), as shown in (5). Such case can also be found in (9) and (10).

Another one is to avoid name capture by a-conversion. It works only on local variables. For example,
if BV(p)nV(a)+#J, assuming x e BV (p)nV(a) without loss of generality, although the name is
same, however the scope is different. The scope of x € BV (p) is p while the one of xeV () is a.p.
With the definition above, the former x has to be a-converted, as shown in (5). Such case can also be
found in (6), (7), (9) and (10).

5 pi2promela — An Experimental Tool

An experimental tool pi2promela has been developed to implement the algorithm above. This section
will address some detail on the implementation.

The input language of pi2promela borrows notions from Mobility Workbench to define process
expressions. Within pi2promela, each process expression is interpreted as a syntax tree internally to

gather enough information for code generation.



As far as name processing is concerned, each process expression is associated with a name table to
record all names that occur in it. In order to make o-conversion convenient, an index table is built for
each name x to keep track of its occurrence. In this way, when a name has to be a-converted, only the
corresponding item in the name table should be modified without interference on its occurrence.

In addition, type consistency is also an important issue for the implementation because the mismatch
on name type may cause confusion on code generation. For example, x(y).x < y,y >.0 where the type
of the first x is 1, but the type of the second one is 2. In such case, pi2promela will report a warning error
and assume the type of x as the bigger one by default. Note that such example is acceptable in Mobility
Workbench.

6 A Case Study

To show the effectiveness of the algorithm and the tool, a quantity of experiments has been performed,
including those sample codes distributed with Mobility Workbench. The result of these experiments
shows that pi2promela works well with specifications in m-calculus and the generated Promela codes are
also acceptable in Spin.

One of these experiments is Bluetooth Service Discovery Protocol (SDP). Bluetooth is a short-range
wireless communication technology. SDP is one of its protocols. It works at a high level, providing a
means for applications to discover which services are available and to determine the characteristics of

those available services. Note that the model given here is only an abbreviated one.

6.1 SDP Specification in t-calculus

SDP is consisted of two entities, SDP Client and SDP Server. A typical workflow of service discovery is:
1. A Service application registers its characteristics into SDP server so that it can be discovered in

Bluetooth environment, as illustrated in Fig 5.

SDP SDP

Client Server

dis reg

dis reg

[ Client cln? ---------------- {s v Service ]

Fig. 5. A Work Model for SDP

def

Service(reg, sid) = (v srv) @ < sid, srv > .Daemon(srv) <1>

Name reg represents the channel that is used for service registry. It is shared with SDP server.
Name sid represents the identifier of Service, as one of its characteristics.

2. A client application issues a request for SDP client to discover services with specified constraints
on their characteristics.

def N
Client(dis, sid) = (v clnt) dis < sid, cInt > Wait(cInt) <2>



Name dis represents the channel to request for service discovery. It is also shared with SDP.
Name sid represents a constraint that specifies the identifier of expected service.

3. SDP Client responses the client application with services that satisfy those constraints, or
otherwise notification of no service available.

4. If success in step 3, the client application can request for services directly without the

interference of SDP.
Wait(cint) = clnt(srv).Call(srv) <3>
SDP specification can be formalized in nt-calculus as

SDP(reg,dis) = reg(sid,srv).(SDP(reg,dis) | Proxy(sid,srv))
+dis(sid,cInt).(SDP(reg,dis) | sid < clnt > .0) 4>
Proxy(sid,srv) = sid.(clnt).(Proxy(sid,srv) | clnt < srv > .0)

6.2 Promela Code

Given the specification shown above, pi2promela generates the following Promela code (Only the
segment for process SDP is demonstrated here). As shown in a verification experiment with Spin, this

Promela code works well.
/* Agent SDP */

proctype SDP(chan reg, dis)

{
chan sid = [0] of { chan };
chan srv;
chan sid 0 = [0] of { chan };
chan clnt;
if
:: reg?sid, srv;
run SDP (reg, dis);
run Proxy(sid, srv);
:: dis? sid 0, clnt;
run SDP (reg, dis);
_sid Ol!clnt;
fi
}

In this segment, the variable sid 0 comes from dis.(sid, cint).(...) in <4> by a-conversion.



7 Conclusion

The main contribution of this paper is to propose a rule-based algorithm that interprets specifications in
n-calculus into Promela, so as to make it possible to verify them with Spin. An experimental tool,
pi2promela, is also presented in this paper. The experimental result shows that the algorithm and
pi2promela work well as expected. Anyway, pi2promela is still immature. The following aspects should
be paid more attention to.

(1) Type Consistency. As shown above, the input language of Mobility Workbench is not
strictly typed, which may cause confusion on code generation.

(2) Channel Initialization. In pi2promela, not all type information can be retrieved from
process expressions. The variable srv and clnt in the sample Promela code above is only
declared without initialization. Sometime it may cause a verification error of sending
messages to or receiving messages from a channel that is not initialized yet. To make the
generated Promela code works seamlessly with Spin, it’s desirable to gather more

information from process expressions.

Acknowledgment

The author would like to thank Prof. Wenhui Zhang for stimulating discussion on this paper.

References

1. Victor, B., Moller, F.: The Mobility Workbench: A Tool for the m-Calculus. In Dill, D. ed.,
Proceedings of the Conference on Computer-Aided Verification (CAV'94), LNCS 818:428-440,
Springer-Verlag, 1994.

2. Dam, M.: Model Checking Mobile Process. Information and Computation, 129(1):35-51, 1996.

3. Holzmann, G. J.: The Model Checker Spin. IEEE Trans. on Software Engineering, 23(5):279-295,
1997.

4. Milner, R., Parrow, J., Walker, D.: A Calculus for Mobile Processes (Parts I/I). Information and
Computation. 100:1-77, 1992.

5. Sangiorgi, D., Walker, D.: The n-Calculus - A Theory of Mobile Processes. Cambridge University
Press, 2001.

6. Specification of the Bluetooth System: Core, Part E: Service Discovery Protocol. Bluetooth SIG,
Version 1.1, 2001.

7. Spin — Formal Verfication. http://spinroot.com/spin/whatispin.html




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


