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Abstract. Sociable interfaces are a game-based model with rich corneation primitives that facil-
itate the modeling of software and distributed systems.firkemodel of sociable interfaces has been
introduced in [9], and then implemented in a tool calleatd [2]. While the primary goal of Tcc
was to perform the composition of two or more sociable iaiegs, it has now evolved into a complete
specification and verification tool. This paper presentsthieent status of the sociable interfaces model
and of Ticc. It discusses the improvements that have been brought Wiopseversions of the model
and the tool, and investigates future directions of re¢earc

1 Introduction

The trend in software and system engineering is towards ooemt-based design: systems are designed
by combining small components into bigger ones. Comporadfesthus the unit in which complex design
problems can be decomposed, allowing the reduction of desitmmplex design problem into smaller
design problems, more manageable in complexity, that caolved in parallel. Components also provide
a unit of reuse, defining the boundaries in which functidgaian be packaged, documented and reused.

Components are designed to work as parts of larger systém@g:niake assumptions on their envi-
ronment, and they expect that these assumptions will bermtéeiactual environment. In other words, a
componentis typically an open system which has some fregsmpuovided by other components and which
in turn provides inputs to other components. It is thus obsithat the effective reuse of software requires
adequate documentation of the component’s behavior antbtiditions under which it can be used, along
with methods for checking that components are assembled appropriate way. Such documentation is
commonly referred to as theterfaceof the component.

There have been many works on the design and implementatigoaal interfaces for components.
Most of those works focus on capturing ttata dimensiorof interfaces (“What are the value constraints
on data communicated between components?”) [22].

In a series of recent works [5, 14, 12], de Alfaro and Henazingieoducednterface theorieshat is as
a formal notion of component interfaces that uses gamesptesent the interaction between the behavior
originating within a component and the behavior origingfirom the component’s environment.

This game-based model is able to captureptmocoldimension of interfaces (“What are the temporal
ordering constraints on communication events between ocasgs?”) which makes it similar to a type
system: indeed, it could be termed a “behavioral” type sydta component interaction (see [17]).

In recent work [9], we introduced sociable interfaces — actete model of interface theories with rich
communication primitives and design facilities. The theofrsociable interfaces was first presented in [9],
and then implemented in a tool calledct. The preliminary version of iItc was described in [2], but the
tool (and so the model) has now been substantially improved

* Axel Legay is supported by a F.R.I[.A grant
3 The first version of the tool was limited to the compositiorirdérfaces specified with a restrictive input language.



The first goal of this paper is to present the current versfdhesociable interface model and ofck,
as well as to discuss the perspectives for future work. Thergkgoal is to make the link between the
theory behind the tool and what the user really needs to knawse it.

Due to space limitations, we complete the practical parheftaper with a technical report [11].

2 Open Systems and Games, Where is the Link?

In this section we sketch the main features of the interfaeeries approach and we describe the link with
game theory. The reader is referred to [8, 15] for more detall
In interface theories, an interface support the compobaséed design in the following ways.

Interface specification. An interface specifies how a component interacts with itsirenment. It
describes the input assumptions that the component makes environment (methods that can be called)
and the output guarantees it provides (methods calldnteyfaces capture the I/O behavior of a component
by an automaton whose syntax is similar to the 1/0 automafazjf Unlike traditional models, including
I/O automata, that at every state must be receptive to evassilple input event, in interface theories it is
possible that inputs are illegal (cannot be accepted) aesiates. One of the main advantages of making
explicit assumptions about the environment is that it giies to an optimistic compatibility test when
interfaces are composed, as explained below. Moreoven, &rpractical point of view, the ability to forbid
inputs removes the need to specify “what happens” when gekimundesirable input. On the other hand,
it is important to guarantee that the interface works in asi®ne environment, i.e. that it is well-formed.
An interface is naturally modeled as a game between the @dgput and Output. Input represents the
environment: the moves of Input represent the inputs aedefpbm the environment. Output represents
the component: the moves of Output represent the possilieitsugenerated by the component. Then,
an interface is well-formed (i.e. can work in at least oneiremment) if the Input player has a winning
strategy in the game, which means that the environment cahafiénput assumptions.

Interface Composition. Like most existing models, interfaces interact through flyachronization

of common input and output events. The interpretation ofiis@nd outputs as assumptions and guaran-
tees, respectively, implies that, when composing two fatesP andQ, we have to ensure th&ts output
guarantees satisf@'s input assumptions and vice versa. Concretely, conshaetwo interface$® andQ,

in one state of the composition.Mwants to emit an output that cannot be accepte®liry that state (i.e.

an output guarantee that violates an input assumption), ahecal incompatibilityoccurs. While many
approaches would be pessimistic and consider the two auesfto be incompatible, the interface approach
is optimistic, by assuming that the environment will stegag from locally incompatible states. Thus, two
interfaces areompatibleif there exists an environment to use the components togethd ensure that
the assumptions of both are met. Interface compositiondbosists in synthesizing the most liberal input
strategy in the composite system that avoids all locallpmpatible states. This can be done by classical
game-theoretic algorithms [13].

Interface Refinement and Model Checking.Composition is certainly the most important operation
that differentiates the theory of interfaces from otherrapphes. However it is also worth mentioning that,
since the model distinguishes between Inputs and Outésdtion of refinement [21] naturally reduces
to the one of alternating simulation [4] between the playdrdhie components that have to be compared.
Moreover, while this game-based model do not forbid modektkng open systems with classical closed
system logics such as branching time temporal logic {7], it also offers the possibility of using logics
that have been designed for open systems, such as alterteatiporal logic [3].

As pointed out in [8], most of the ideas on which the approatlinterface theories is based have



been introduced earlier in the literature. The idea of dpigj independent constraints for input and
output behavior is present in trace theories [16]. All thgoathms used to solve the game are standard
[4]. Refinement is based on alternating simulation [4]. Gireg compatibility of composition can in
certain cases be solved by controller synthesis [27]. Timespovelty in the game-based approach for open
systems is not in any isolated algorithmic aspect, but raththe recognition that refinement, composition,
and synthesis can be homogeneously cast as game relationsaiems. Note that the work done on
game semantics for process algebra [25] and programmiggayes [1] also suggests that games provide
an unifying framework for interaction between componeAtsomparison between those models and ours
has been givenin [17].

3 Before Sociable Interfaces

There have been many recent works on the design of concretelsof interface theories. They can be
divided into two categories: (1) interface automata [12jttare asynchronous models that communicate
via disjoint* input and output actions, and (2) interface modules [5] #ratsynchronous models that
communicate via disjoint input and output variables.

While those models clearly show the applicability of the iyggeh, they impose drastic restrictions on
the way that components can communicate together. As anm&adue to the distinction between the
names of input and output actions (resp. variables), nortbasfe models allow several components to
communicate with a third one using the same action (resjahla) name. Moreover, the fact that actions
and variables cannot be combined introduces difficultiebealesign of many interesting systems, such as
those that manipulate global resources.

4 The Sociable Interface Model: Theory

This section gives a theoretical description of the soeiablerface model. We assume a fixed $ebf
variables that are interpreted over a given donfairGivenV C ¥/, astateoverV is a mapping:V — 2
and[V] denotes the set of all states ovetFor a set of variabldd CV, and a stats< [V]], the projection of
sonU is a staté € [[U]] denoted as|U]. For two disjoint sets of variabl&4 andV,, and two states; € [[V1]]
ands; € V2], the operatiorfs; o s) composes the two states resulting in a new state; osp € [V1UV2],
such thas(x) = s1(x) for all x € V1 ands(x) = s;(x) for all x € V».

Given a seV of variables, we denote biyredgV) the set of first-order predicate formulas with free
variables inV; for the moment, we assume that these predicates are wirttsmme specified first-order
language. We le¥’ = {X | x € V} be the set of primed versions of variablesvinIntuitively, a variable
X' € V' represents thaext valueof x € V. Given a formulay € PredgV) and a state € [V], we write
s= g if the predicate formulap is true when its free variables are interpreted as speciffes] Given a
formulap € PredgV UV’) and two states,s € [[V]], we write(s,s) |= p if the formulap holds when its
free variablesx € V are interpreted as(x), and its free variables € V' are interpreted as(x). Given a
setU of variables, we define the formulinchgdU) = Ay (X' = x), which states that the variablestin
do not change their value in a transition. Given a predigate PredgV ), we denote by}’ the predicate
obtained by substitutingby X' in g, for allx e V.

With those definitions, we can define a sociable interfacelémis:

Definition1. A sociable interface is a tuple M = (Act® Act,2,VC Vvt VvH w p't p!C
p°,pb ' WO ). Act® is a set of set ofglobal actions and Act- is a set oflocal actions We set
Act= ActPUAct. V€ is a set ofglobal variablesV" is a set oflocal variables andv" C V€ is a set of

4 This separation was mainly motivated to keep the distindtietween the Input and the Output players.



history variablesWe require/- V€ = 0. We sev@ = VL UVC andv = VL UVH. All variables are inter-
preted over the domai#. For each actioa € Actwe denote byV(a) the set of variables that can be mod-
ified by a. For eacha € Act®, the predicatep' (a) € PredgVva' U (vVa')), p'®(a) € PredgVva' U (VEY),
andp©®(a) € PredgvVa' UW(a)') are respectively the input local, the input global, and thgot transition
predicates fora. We requirep't(a) to be deterministicw.r.t. variables inv't, that is, for alla € Act®,
all se [va'], and allt € [[(V®)], there is a uniquai € [[(V')'] such thatsotou = p'*(a). We let
p'(a) = p'“(a) A p'®(a). For eacha € Act, the predicatep-(a) € Predgv@' U (VL)) is the local
transition predicatefor a. Local transitions represent internal choices made by dneponent that cannot
be viewed from the outside world. We defigé® € Predgva') and ' € PredgVv@") to be respectively
the output and inpuihvariant predicatesf M. Finally, we defind € PredgV@") to be the predicate that
characterizes the set wiitial statesof M.

This model differs from the one given in [9] by the additionl@fal actions and of an initial condition.
The initial condition is the prelude announcement to a neatufie of the tool: the manipulation of sets of
states.

Sociable interfaces do not distinguish between input atpudactions/variables. Rather, they associate
a set of variables that can be modified by the action, as welhasutput and an input transition relation
that describe the ways in which the variables can be modifieelhvthe component, or its environment,
output the action. In the model, one assumes that outputcad transitions are the only responsible for
the updates of the value of the variables. The global parnohput transition — which represents an
input assumption — only makes assumptions on the value ofjliieal variables. The local part of an
input transition, instead, allows the interface to immegliareact to the reception of an action from the
environment, subject to two restrictions: First, the ifdee can only modify the value of its local variables,
and second, it must do so indeterministicfashion. These restrictions are necessary to ensure tblat ea
state change is driven by the component issuing the outpioinadhe component which is receiving the
action can express assumptions on how the action will ugtletglobal variables, but it cannot participate
in the choice of the new values.

We denoteS = [V to be the set of states &f. As a shorthand, we lep' = {sc€ S|sk ¢'},
¢© = {s€ S| s YO}. We define the restriction of transitions w.r.t. invariais. o' (a) = p' (a) A (¢')’,
p°(a) = p©(a) A ($°) AUnchgdVva'\W(a)), andp*(a) = p“(a) A (/°)' AUnchgdVa\ VL),

Note that variables whose next value is not specifiedSr(resp.p’) are assumed to keep their value
in p© (resp.pl). The latter is reasonable since output (resp. local) itians reflect the behaviors of the
component. However, no assumption is madgbandp'. The reason is tha' represents the behaviors
of the environment.

4.1 The Game under the Model

In this section, we assume a sociable interfabk = (Act® Act,2,VC VLt VH W p't plC
p°, P W' yP 1), and we describe its semantics in term of a turn-based gareeée the two
players Input and Output.

The game is played in an arena thasis- [V@']]. At each round, from the current state, both players
simultaneously choose a move that defines the next state gétme.

Definition 2 (Moves). The setd™!' (M,s) andl"©(M,s) of Input and Output moves atc Sare defined as
follows:

r'(M,s) ={Ao} x {s € V¥ | M =s]M}U
{(as) e Act® x V] | (s.8) = 7' ()}

rOM,s) ={Ao} U{(as) € Act® x [V¥] | (s 8) = p°(a)}U
{(as) € Act- x [V¥] | (s ) £ p"(a)}.



The{Ao} is an extra move to ensure that both players have a move togedp each state. Note that,
when Input plays the movAy, it can also choose a new assignment to the history-freablas. This
models the fact that history-free variables can be modifieeitvironment actions that are not known to the
interface.

At each game round, both players choose a move from the pomdsg set of enabled moves. The
outcome of their choice is defined as follows.

Definition 3 (Move Outcome). For all statess € Sand movesn' € I'' (M,s) andmP € r9(M,s), the
outcomed(M,s,m',m°) C Sof playingm' andmP ats can be defined as follows.

5(M757 <A055J>5A0) = {SJ}v 6(M,S, <A07S,>7 <a7t/>) = {Slvt/}v

0(M,s, (a,s),40) = {s}, d(M,s,(a,s),{b,t")) = {,t'}.

The move outcomes show the priority that a “real” move hasieroutputdyg move, but not on the inpuig
move. Fors € S, we define the set gfinsstarting fromsas the seRungM, s) C S¥ of all infinite sequences
812 ..., such thagy =s, and foralli>0,s, 1 € 6(M,s,m',mP), forsomem' € ' (M,s),m° c r°(M,s).
We also seRungM) = JscsRungM, s). Giveni>0, The finite prefixop; of a runo = 91%,...5 ... is the
finite sequenceys; S, . .. § that is constituted of the+ 1 first states obr. A strategyfor playerp € {I,O}
is a functionr® that for each ruw € RungM) associates a move®(dp;) € ' P(M,s) to each finite prefix
ooi of 0. We denote byT), andr1g the set of input and output strategies ko respectively. Lett € 11},
and ® € M3, the setd(M,s, 7t ,7°) of ¢ and r© from s consists of all runsr = s4S;S,... such that
s=g9, and for alli>0, 5,1 € 6(M,s, T (0pi), T°(0p;)). Given a states € Sand a goay C RungM,s),
we say thats is winning for input (resp. output) with respect tg and we writes € win' (M, y) (resp.
se WIinP(M, y)), iff there istt' € 1}, (resp.n® € M) such that for ali® € 13, 6(M,s, ', 1°) C y (resp.
men, 6M,sm,m0) Cy).

Definition 4 (Normal Form). [9] We say thatM is in normal formiff ¢' = Win'(M,0¢'), and ¢© =
WinP(M,0¢°), whereOX = {s$1%... € RungM) | Vi>0.5 € X C S}.

The computation ofvin' (M, 0X) is referred to a safety game whose objectiveé.

Definition 4 induces the trivial, but important lemma.
Lemma 1. If M is in normal form, then it holds:
vse ¢' . ¥(ad)er°M,s).€ c¢',
vse ¢°.¥(a,d) er'(M,s).< € ¢°.
Definition 5 (Well-formed Sociable Interface).We say that M isvell-formediff (1) it is in normal form,
and (2)¢' N¢°n{secS|sk=1} #0.

Note that point (2) of the definition ensures tivats well-formed only if the states that are well-formed can
be reached from its initial states.

5 The Sociable Interface Model: Practice

The sociable interface model of Section 4 has been implesdenta tool called Tcc (Tool for Interface
Compatibility and Composition) The documented code @fcTis freely available and can be downloaded
from http://dvlab.cse.ucsc.edu/dviab/Tidthis website is a Wiki that also contains the document&ton
the tool, and several additional examplescd allows users to specify sociable interfaces, called “mod-
ules”, using a textual language based on guarded commaeaerdis;m operations on the modules, and verify



properties of modules using functions that extend the défed of the OCaml [20] command-line. In the
rest of the section, we describe the internal representased by the tool. The next section outlines how
the tool is used.

In the rest of this Section we consider a sociable interface (Act®, Act, 2,VC VL VH W, p't p!C
p°,p5, W', wO, ). Internally, Ticc relies on a symbolic representation of sociable interfaresed on
MDDs [24, 26] that are used to represent the predicatesp'®, p©, pt, @', ¢© andl. MDDs are graph-
like data structures that allow to represent and manipfilatetions of the typ& — {T,F} (i.e. predicates
overA), for a finite setA of variables whose domain range over the Boolean and thedeolintegers. It
is well known that MDDs are a very compact representation bitkvBoolean operations and quantifier
elimination can be performed efficiently. By abuse of naoiatigiven a predicat¥ ¢ PredgVv2'), we de-
note byX also the set of stat§s € S| s|= X}. However, in Ticc, all the algorithms are implemented with
MDDS that represent set of states.

We now consider the implementation of the first operation eedto perform on an interface, i.e. check-
ing well-formedness. As mentioned in Section 4, this openatduces to the computationWin®(M, 0¢)
for p € {I,0}. Itis well known (see [4]) that the set of winning states carcharacterized as a fixpoint of
an operator involving the so-calledntrollable predecessors operators Cfrg andCpre°(-).

Definition 6 (Controllable Predecessor Operator).For all predicateX € PredgVa"), we have:

Cprd (X) =3m e r'(M,s).vym° e F°(M,s). vt € 5(M,s;m ,m°) .t = X
Cpre®(X) =3Im° e r9(M,s).vm' e r'(M,s). vt € 5(M,s,m,m°) .t |= X.

Intuitively, Cpre (X) € PredgVa") (respCpre®(X) € PredgVv@")) is a predicate that holds true for each
states € Sfrom which the Input (resp. Output) player has a move thatdeéaX for each possible counter-
move of the Output (resp. Input) player. We have the foll@ndlefinition.

For all ¢ € Predgva), we havewin' (M,0¢) = vX. [¢ A Cpré (X)], andWin®(M,0¢) = vX. [¢ A
CpreP(X)], wherevX . f(X) denotes the greatest fixpoint of the operdtoBinceCpre (-) (resp.Cpre°(-))
is monotonic, the fixpoints exist and can be computed by Bidration, i.e.Xg = ¢, X.1 =@ A
Cpré (X),..., andXy = Xn11 = win' (M,0¢). Due to the definition of the moves and move outcomes of
our game, it is possible to apply reasoning that is ident#the one given in [9], and obtain the following
result.

Lemma 2. For all predicatesp < Predgva'), we have
Win' (M, 0¢) = vX. [¢ AVPreP(X)], and WifP(M,0¢) = vX. [¢p AVPrée (X)],
where

vPreP(X) = A Vv . (p%@) =X)A A Vv . (p @) = X))

acAct® acAct
vPre' (X) = AGVA) . X AUnchgdV)) A A 3V . (B' (@) AX)).
acAct®

Note thatyPre®(X) € PredgVa') andvPre (X) € Predgva').

It is possible to obtain several algorithms to compute thedints ofvyPre®(X) and ofvPre (X) simply by
reorganizing the Picard iteration. Some of those algorithawve been implemented and documented in the
tool.



5.1 An Introduction to the Use of TicC

This section is a summarized introduction to the uselofcT More detailed examples that illustrate the full
input language of the tool are given in [11].

We illustrate the modeling language ofct by means of a very simple example: a fire detection system
thatis composed of a control unit and several smoke detedMiten a detector senses smoke (irgoubke,
it reports it by emitting an outpdire. When the control unit receives the infie from any of the detectors,
it emits the outputall_fd, corresponding to a call to the fire department. Additionath inputdisable
disables both the control unit and the detectors, so thadrttake sensors can be tested without triggering
an alarm.

Below, we provide the code for the control unit moduteftrolUnit) and for one of the (several) fire
detectorsKireDetectorl):

module ControlUnit:
var s: [0..3] // O=waiting, 1=alarm raised, 2=fd called, 3=disabled
initial : s =0
iinv : true
ooinv : true

input fire: {local: s =0 | s=1==>¢g" :=1
else s =2 ==> 3
input disable: { local: true ==> s’ := 3 }
output call_fd: { s =1 ==>5s’ =2}
endmodule

module FireDetectorl:
var s: [0..2] // O=idle, 1=smoke detected, 2=inactive
initial : s =0
iinv : true
ooinv : true

input smokel: { local: s =0 | s =1==>35’ :=1
else s =2 ==> } // do nothing if inactive
output fire: {s=1 =>gs’> =21}
input fire: { } // other modules can detect fire too
input disable: { local: true ==> s’ := 2 }

endmodule

The body of each module starts with the (possibly empty)dfsts local variables (in the example,
those variables are used to encode the locations of the e®)dihis list is followed by the declarations of
the initial condition of the module and by its input and outjppwariants. Note that both the declaration of
the initial condition and of the invariants can be omittedwihich case they are automatically set to true.
The transitions are specified using guarded commguoesl = commangdwhereguardandcommandare
Boolean expressions over the local and global variablessaal, primed variables refer to the values after
a transition is taken. For instance, the output transifienin moduleFireDetector1 can be taken only
when the local variabls has value 1, and it leads to a state where 2. When a transition starts with
the keywordsinput or output, then the associated action is automatically considerdxt tglobal. The
variables whose next value is not precised by the user arategdollowing the theory given in Section
4. We now go through the details of parsing @ program. We consider the fire detection systems and
we suppose that it is given in a file whose naméise.si. First the user has to invokeidc using the
commandticc from the shell. The result of this operation is an OCaml profnpm where one must
type: “open Ticc;;". At this point the functions in the module ofi€c become available at the top level
(these functions are documented in theftiibe/doc/api/Ticc.htménd in [11]). Next, one has to read &T
program from a file, heréire.si. This is achieved by typing the commangatse "fire.si";;".
Theparse function reads in a .si file describing modules and possitipa variables, and places these



definition into a global namespace. If the .si file does nabWlthe syntax of the input language, the
function reports an appropriate error message. After pgrai Ticc program, it is possible to construct
the symbolic internal representation of each module. Asxam@le, here is the command to construct
the representation @ontrolUnit: “let controlunit = mk_sym "ControlUnit";;”. The command
mk_sym constructs MDDs representations for all the predicates®iodule. Moreover, it plays a safety
game and restricts the invariants to ensure that the moslweli-formed. Thus, there can be a difference
between the module specified by the user and the one thatevilsbd by the tool. Such differences can
be detected with printout functions ofdc. As an example, the following command can be used to print
out the content of modul€ontrolUnit: “print_symmod controlunit;;”. The printout functions are
particularly useful for debugging ini€c. In the new release of the tool, we also added a random siioilat
function on symbolic modules. This function generates aiVHTile with the result of the simulation (see
Example 2). This is particularly useful in the early stagemodel construction, to confirm that the model
behaves as intended. Finally, let us note that one can als® seript filesfor Ticc. A script file is a file
that groups a set of commands that can be executed in onéstean invoke Tlcc to execute the script
file with the following command from the shell prompticc scriptfile”.

6 Composing Sociable Interfaces

In this section, we consider the composition of two sociainierfacesM; and My, where M; =
(Act®, Act, 2,VC VE VR W, plt p!® pO pk ! @O, ;). In sociable interfaces, composition is done in
four steps. The theory behind those steps has already beemigi[9] and the extension to our model is
immediate. Here, we mainly focus on what the user really s¢@énow when performing the operation in
Ticc.

6.1 The Composability Condition

First, we need to check whethdr andM, are composable. This requires checking that if an aai@w\ctf
(respectiveI)Actg) of M; (resp.My) has an output transition that can modify a history varialblél(resp.
M;), thenM, (resp.M;) has an input transition for actiomc Acty (resp.a € Ac). This check is the
main motivation for distinguishing between history andtdng-free variables: an interface should only
know all actions of other interfaces that modify its histeayiables. If we dropped the distinction, then an
interface would have to know all actions of other interfatest can change any of its variables, and this
could greatly increase its number of transitions. Note, tinathe new version of the tool, we implemented
a pattern matching mechanism that can substantially rettheceumber of transitions. As an example:

input a* : {implementation}

is equivalent to say that a module accepts all the inputitians whose first letter isa”. The utility of this
mechanism is illustrated in the “house example” of [11].

6.2 The product

If the two interfaces are compatible, then we can define tpm'duct The product oM, andM, is a
sociable interfacd/i, = (Act,, Acti,, 72,V V5, VI Wiz, pi5, 015, 05, phy, Yo, WS, 1 12) First, we have
Act, = Acf UACE, Actr, = Actt UAcE, V5 =VEUVE, VL, =V % 2L,v12_v1 UV, @l = Wi A ),
l,Ulz = qu A qu , andllg = 11 Alo. The transitions oMy, are comblnatlons of the transitions B, and
M,. For each shared global action, the output transitioMef(resp.M;) synchronizes (in our model,
synchronization boils down to conjoining the correspogdinedicates) with théocal part of the input
transition ofM, (resp.M;), and gives rise to output transitions in the product. Tlasoa not to synchronize
with the global part of the input is to ensure that only outpamsitions can modify the values of the global



variables (inputs are only supposed to make assumptionkern)t The input transitions d¥l; and M,
corresponding to the same shared global actions are aleh®mzed, and lead to an input transition in
the product. Finally, the interfaces interleave asyncbusty on transitions labeled by non-shared global
actions, and on local actions.

6.3 Locally Incompatible States

The productMi» can contain locally incompatible states in which one of tterfaces being composed
wants to issue an output transition labeled by a shared gakian, while the other interface does not have
a corresponding (same action name) global input transftmm that state which agrees with the output
transition on the updates of global variables. We denot@dydthe set of locally compatible states.

6.4 Synthesizing a Strategy

After computingM;> and Good, the next operations is to compute the set of stéf@sfrom which the
Input player ofM» has a strategy to always stay@ood In other words, we play a safety game whose
arena is the set of states of the product, and whose objéstilie setGood The seWinis used to restrict
the input invariant and the initial condition &1, which is equivalent to restrict the environments in where
it can be used. This is an optimistic approach, since twafetes are considered to be compatible if they
can work in at least one environment.

6.5 Implementation

The implementation of the composition operation is dir@utes it only requires Boolean combinations of
predicates (for checking the compatibility condition, tmmputingM1», and for computing the predicate
representing the s&ood) and the solution of a safety game (for computi@) (see Section 5).

The composition of two compatible interfacé4 and M, is denoted byM;||M,. We have the fol-
lowing theorem.

Theorem 1. For all sociable interfaces M My, and M, either both(M1 ||M2)|[M3 and M, ||(M2||M3) are
undefined, because some of the interfaces are not compatitild; |M2)||M3 = M| (Mz||M3).

Theorem 1 shows that sociable interfaces support increaha@esign, i.e. the components can be composed
and checked in any order.

6.6 The Composition OperationinTicc

In Ticc, the user performs composition with the functiemtpose” followed by the name of two symbolic
modules. The result of this call is either a new symbolic Megdar an error message if the two modules are
not compatible.

Example 1.Consider the fire detection system of Section 5.1, and seppts® the existence of a faulty detector
Wrong FireDetector2 which does not react on inpatsable. The code for this detector can be derived from the one
of FireDetectorl by not implementing input disabled and renaming inguikel in smoke2. WhenControlUnit
andFireDetectorl are composed, they synchronize fire anddisable In the product, there are no locally incom-
patible states and the tool deduces that the two componantsapperate correctly in all environments. Note that the
actionfire survives in the compositiopothas an input and as an output, thus allowiigeDetectorl || ControlUnit

to be composed with other fire detectors. The compositiofoatrolUnit andFaulty_FireDetectorl goes less
smoothly. When the composition receivegisableaction, the control unit shuts dows=£ 3), while the faulty detector
remains in operation. When the faulty detector senses siiogat smoke), it will emit fire: if the control unit has
been disabled by th#isableaction, this causes an incompatibilityCic diagnoses this incompatibility by synthesizing
the following input restrictions:



— Arestriction preventing the inputisableif the faulty detector has detected smoke and is about te fasu
— A restriction preventing the inpmoke2vhenControlUnit is ats= 3 (disabled).

Since the actiondisableandsmokeXhould be acceptable at any time, the new input restricfionhese actions are
a strong indication that the compositidantrolUnit || Faulty_FireDetectorl does not work properly. However,
we conclude that the two components are compatible singectirework together in at least one environment.

The incompatibility in Example 1 is exposed by the followsgyies of OCaml commands:

# open Ticc;;

# parse "fire.si";;

# let controlunit = mk_sym "ControlUnit";;

# let firel = mk_sym "FireDetectorl";;

# let wfire2 = mk_sym "Wrong_FireDetector2";;

# print_input_restriction (compose controlunit wfire2) "disable";;
# print_input_restriction (compose controlunit wfire2) "smoke2";;

The functionprint_input_restriction is used to print the restricted version of the input invatrian

Note that the fire detection system illustrates the “mangrie” communication model of sociable interfaces: sev-
eral fire detectors can communicate with the control uningigiie actiorfire. This is done by allowing fire detectors
to receive the actiofiire also as an input. In previous models that have to distindugsiveen input and output names,
this would lead to an incompatibility, and the only solutieould be to give an individual name to each fire detector.
This has the double disadvantage of bounding the numberteftdes that can communicate with the control unit and
increasing its number of transitions (and so the interrnalegentation used in the tool).

Due to space limitations, the reader is referred to [11] fanynother illustrations of the application and the utility
of the composition operation iniTc.

7 More on the Symbolic Representation

As already announced in Definition 1, sets of states can béoulated through Tcc. A set of states can be defined in
Ticc via a formula specifying constraints on the values of théades. Ticc can parse such a formula, and construct
a symbolic representation (an MDD) that enables it to mdatputhe set. Tcc can combine such sets with the usual
Boolean operators through several functions. The tool etstiains an implementation of the classicatLCopera-
tors [7]. Those operators can be used to verify propertieonfponents via model checkingiclc implements GL
operators with a slightly modified (and more efficient) vensdf the basic symbolic algorithms given in [7]. Those
algorithms are based on the computation of the fixpoint ofi@cessor operators similar to those defined in Section
5. When model checking 1@, Ticc views the module as a closed system whose transitions aiepgheand output
moves of the game it induces.

We describe now an example that illustrates the use of thésyorepresentation and its application tolC

Example 2.Consider the fire detection system given in Section 5.1, hadcript file in Figure 1. Line 10 builds the
symbolic representation of a sptconsisting of the states whetentrolUnit.s = 2. Line 12 prints the set of states
that satisfy the €L formula3< ¢, and line 14 prints the set of states that satisfy tme f©rmulaVv< @. Note that Line 8

of the script illustrates the use of the functisitmulate, which was informally introduced at the end of Section 5.1.

The previous example is very simple and only shows a smajhfent of the functionalities provided by the tool.
In [11], we give a more complex example that also involvesube of global variables and of a closure function. The
closure function ¢lose in Ticc) allows the user to close a module with respect to the ocooeref input transitions.
This can be used to say that the environment is no longer alpiotide a certain input.

8 Refinement

The notion of refinement is introduced to capture the retelietween an abstract model of a component and a more
detailed one, or between a model expressing a specificatidra anodel describing an implementation. In an input-
enabled setting, refinement is usually defined as trace ioomeat or a simulation [22]; this ensures that all output



open Ticc;;
parse "fire.si";;

let firel = mk_sym "FireDetectorl";;
let controlunit = mk_sym "ControlUnit";;

let comp = compose firel controlunit;;

simulate comp "FireDetectorl.s = 0 & ControlUnit.s = 0", 5, "r.html";;

O OoO~NOO UL WN P

10 1let called_firemen = parse_stateset ("ControlUnit.s = 2");;
11 print_string "Can call the firemen:";;

12 print_stateset (ctl_e_f comp called_firemen);;

13 print_string "Always calls the firemen:";;

14 print_stateset (ctl_a_f comp called_firemen);;

Fig. 1. A script file illustrating CrL model-checking in Tcc.

behaviors of the implementation are allowed by the spetifiscaUnfortunately, such definition does not stand in an non
input-enabled setting, since it does not forbid the impletation to make stronger assumptions on the environment tha
the specification does. To overcome the problem, de Alfaeb. suggest a contravariant definition [12] which replaces
simulation byalternating simulationMore precisely, an interfad® refines an interface if each input transition oP

can be simulated i, and each output transition @ can be simulated iR.

In the rest of this section, we propose a definition of refingnfer sociable interfaces. This definition is
an extension of the one given in [9]. We considé; and M,, two well-formed sociable interfaces, whekg =
(ACII-G,ACI!‘,@,ViG,ViL,ViH 7V\/|7PiIL,Pi|G7PiO7PiL, "nUil , iO7 |i)’ Via” _ ViG UViL and§ = [[Viallﬂ- The SetSQ\CtiG, ViG' ViH’
andW jointly define thesignatureof interfaceM;.

Definition 7 (Signature). The signaturé&ignM;) of an interfaceVi; is the tupIe(Acq-G7\/iG7\/iH7V\4).
The following result shows that signature equality pressmomposability.

Theorem 2. Let Ni,Np, and N; be three interfaces, such that (1) Siha) = SignN2), and (2) N and N\; are compos-
able. For i€ {1,2,3}, let {- be the set of local variables of Nf V- NV = 0, then N and N; are composable.

We now define a notion of alternating simulation for sociahterfaces. In addition to what has been said above, the
definition must take into account the fact that the envirominod an interface cannot see the local transitions. Given a
states of an interface, we define—closurgs) to be the set of states that can be reached fsdoy applying zero or
more local transitions.

Definition 8 (Refinement Relation). Assume thatSignM1) = SignMy). A relation < C § x S is arefinement
relationiff s <t implies:
1. sVP] =tVel;
2. forallae ActS and for allt’ € S, such thatt,t’) = ph(a) there exists' € S; such thats,§) = p}(a) ands' < t';
3. forallae Actf and for alls’ € S; such thats,s') = pQ(a) there exists’,t” € S such that’ € e—closurgt) and
{t',t") = pP(a) ands <t”.
4. for allae Act; and for alls’ € S; such that's,s') = pk (a) there is a stat€ in e—closurgt) such thas' <t'.

To gain some insight into Definition 8, consider that thera iefinement relation such that< t if M; in states
can replaceéMs in statet in every context, without the environment noticing any eliéfince. Thus, first of af andt
must agree on the values of the global variables knowitgremember thdt/lG :VZG). Then, each input that can be
accepted by, fromt must also be acceptable B in s. Conversely, each output that can be emitted/lyin s must
also be emittable biyl, in t, or in another stat¥ that is invisibly reachable frorn Finally, all local transitions of;
from s must correspond to zero or more local transitiond/effrom t. We derive from these definitions a concept of
refinement for sociable interfaces.



Definition 9 (Refinement). We say thatM; refines M iff (i) Sign(M1) = SignM2), and(ii) there is a refinement
relation= such that: for alt = @ A ¢ Al there iss = ¢} A9 Aly such thas <t.

Theorem 3. Let N;, Ny, and Ny be three modules, such that (1) Mfines N, and (2) N and Ny are compatible. For
i € {1,2,3}, let i* be the set of local variables of Nf V- NV} = 0, then N and N; are compatible.

A preliminary refinement operation has been implementechénrtew version of the tool in a function called
“refines” that takes two symbolic modules as arguments. The reswither true if the first module refines the
seconde one, anthlse otherwise. The implementation has already been discusg@i fior the initial model — the
extension to the model of this paper follows similar pritegp

9 Conclusion and Perspectives

This paper considers sociable interfaces — a concrete @ased model with rich communication primitives to facili-
tate the modeling of software and distributed systems.

The sociable interfaces model has lead to a new tool named. Beveral tools implementing game-based models
have already been built beforaclc. As an example, we mention the tooHE that implements the synchronous,
variable-based interface theory of [5] which is able to hampdishdown games, a feature thatT does not have (yet).
Another example is the Ptolemy toolset [19] that implemémésmodel of [12].

With respect to these other tools|CE has the advantage of being able to use rich communicationitjes
to model components in a very compact and natural way. Theévaljenrepresentation of iTc is also particularly
attractive since it makes the tool very efficient and easitgmsible. Both the tool and the sociable interfaces mogel a
in constant evolution, and we are considering many impr@rgmas well as several promising research directions.

One of our major concerns is the improvement of the existimgtionalities. As an example, we plan to implement
a new function that, given a symbolic set of steesd a G'L formula @, will check if all states irS satisfy and will
print a shortest counterexample trace if it is not the caseh@ functionality has been shown to be very useful for the
design and the debugging of systems [23]. We are also camgidiie implementation of several functions that would
give more feedback about a partial incompatibility betwemdules (see Example 1).

A new feature we are currently implementing consists in liagdlternating-time temporal logic (A), a CrL-
like logic designed for open systems, which has been prabios@]. The implementation is not straightforward since
the algorithms of [3] first need to be framed into our model afng. As it is the case for theTC logic, we also plan to
consider counterexample traces.

Another promising research direction we are now investigais a real-time extension of the Sociable Interface
framework, along the lines of tiEmed Interfacesf [14]. This is a large and complex endeavor, as the gamar¢kie
machinery of Tcc will have to be replaced with one suited to real-time gamés. [An interesting application for the
timed sociable interface model would be the schedulingnoéti open systems. A timed version of the tool is desirable
since it would constitute a platform for the implementatidvarious recent results on timed open systems (e.g.,.[18])

As it is illustrated in [11], Tcc is already able to deal with large systems. However, itsieffay is still limited
by the existing algorithms that are used to manipulate thebsjic representation (see Section 5 and Section 7). In a
future work, we plan to improve those algorithms by adaptegent works such as [6].
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