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Abstract. Sociable interfaces are a game-based model with rich communication primitives that facil-
itate the modeling of software and distributed systems. Thefirst model of sociable interfaces has been
introduced in [9], and then implemented in a tool called TICC [2]. While the primary goal of TICC

was to perform the composition of two or more sociable interfaces, it has now evolved into a complete
specification and verification tool. This paper presents thecurrent status of the sociable interfaces model
and of TICC. It discusses the improvements that have been brought to previous versions of the model
and the tool, and investigates future directions of research.

1 Introduction

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

Components are designed to work as parts of larger systems: they make assumptions on their envi-
ronment, and they expect that these assumptions will be met in the actual environment. In other words, a
component is typically an open system which has some free inputs provided by other components and which
in turn provides inputs to other components. It is thus obvious that the effective reuse of software requires
adequate documentation of the component’s behavior and theconditions under which it can be used, along
with methods for checking that components are assembled in an appropriate way. Such documentation is
commonly referred to as theinterfaceof the component.

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

In a series of recent works [5, 14, 12], de Alfaro and Henzinger introducedinterface theoriesthat is as
a formal notion of component interfaces that uses games to represent the interaction between the behavior
originating within a component and the behavior originating from the component’s environment.

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

In recent work [9], we introduced sociable interfaces — a concrete model of interface theories with rich
communication primitives and design facilities. The theory of sociable interfaces was first presented in [9],
and then implemented in a tool called TICC. The preliminary version of TICC was described in [2], but the
tool (and so the model) has now been substantially improved3.

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



The first goal of this paper is to present the current version of the sociable interface model and of TICC,
as well as to discuss the perspectives for future work. The second goal is to make the link between the
theory behind the tool and what the user really needs to know to use it.

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

2 Open Systems and Games, Where is the Link?

In this section we sketch the main features of the interface theories approach and we describe the link with
game theory. The reader is referred to [8, 15] for more details.

In interface theories, an interface support the component-based design in the following ways.

Interface specification. An interface specifies how a component interacts with its environment. It
describes the input assumptions that the component makes onthe environment (methods that can be called)
and the output guarantees it provides (methods calls, ...).Interfaces capture the I/O behavior of a component
by an automaton whose syntax is similar to the I/O automata of[22]. Unlike traditional models, including
I/O automata, that at every state must be receptive to every possible input event, in interface theories it is
possible that inputs are illegal (cannot be accepted) at some states. One of the main advantages of making
explicit assumptions about the environment is that it givesrise to an optimistic compatibility test when
interfaces are composed, as explained below. Moreover, from a practical point of view, the ability to forbid
inputs removes the need to specify “what happens” when taking an undesirable input. On the other hand,
it is important to guarantee that the interface works in at least one environment, i.e. that it is well-formed.
An interface is naturally modeled as a game between the players Input and Output. Input represents the
environment: the moves of Input represent the inputs accepted from the environment. Output represents
the component: the moves of Output represent the possible outputs generated by the component. Then,
an interface is well-formed (i.e. can work in at least one environment) if the Input player has a winning
strategy in the game, which means that the environment can meet all input assumptions.

Interface Composition. Like most existing models, interfaces interact through thesynchronization
of common input and output events. The interpretation of inputs and outputs as assumptions and guaran-
tees, respectively, implies that, when composing two interfacesP andQ, we have to ensure thatP’s output
guarantees satisfyQ’s input assumptions and vice versa. Concretely, consider the two interfacesP andQ,
in one state of the composition. IfP wants to emit an output that cannot be accepted byQ in that state (i.e.
an output guarantee that violates an input assumption), then a local incompatibilityoccurs. While many
approaches would be pessimistic and consider the two interfaces to be incompatible, the interface approach
is optimistic, by assuming that the environment will steer away from locally incompatible states. Thus, two
interfaces arecompatibleif there exists an environment to use the components together, and ensure that
the assumptions of both are met. Interface composition thusconsists in synthesizing the most liberal input
strategy in the composite system that avoids all locally incompatible 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 other approaches. However it is also worth mentioning that,
since the model distinguishes between Inputs and Outputs, the notion of refinement [21] naturally reduces
to the one of alternating simulation [4] between the playersof the components that have to be compared.
Moreover, while this game-based model do not forbid model checking open systems with classical closed
system logics such as branching time temporal logic CTL [7], it also offers the possibility of using logics
that have been designed for open systems, such as alternating temporal logic [3].

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



been introduced earlier in the literature. The idea of specifying independent constraints for input and
output behavior is present in trace theories [16]. All the algorithms used to solve the game are standard
[4]. Refinement is based on alternating simulation [4]. Checking compatibility of composition can in
certain cases be solved by controller synthesis [27]. Thus,the novelty in the game-based approach for open
systems is not in any isolated algorithmic aspect, but rather in the recognition that refinement, composition,
and synthesis can be homogeneously cast as game relations and problems. Note that the work done on
game semantics for process algebra [25] and programming languages [1] also suggests that games provide
an unifying framework for interaction between components.A comparison between those models and ours
has been given in [17].

3 Before Sociable Interfaces

There have been many recent works on the design of concrete models of interface theories. They can be
divided into two categories: (1) interface automata [12] that are asynchronous models that communicate
via disjoint 4 input and output actions, and (2) interface modules [5] thatare synchronous models that
communicate via disjoint input and output variables.

While those models clearly show the applicability of the approach, they impose drastic restrictions on
the way that components can communicate together. As an example, due to the distinction between the
names of input and output actions (resp. variables), none ofthose models allow several components to
communicate with a third one using the same action (resp. variable) name. Moreover, the fact that actions
and variables cannot be combined introduces difficulties tothe design 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 sociable interface model. We assume a fixed setV of
variables that are interpreted over a given domainD . GivenV ⊆ V , astateoverV is a mappings : V → D

and[[V]] denotes the set of all states overV. For a set of variablesU ⊆V, and a states∈ [[V]], the projection of
sonU is a statet ∈ [[U ]] denoted ass[U ]. For two disjoint sets of variablesV1 andV2, and two statess1 ∈ [[V1]]
ands2 ∈ [[V2]], the operation(s1◦s2) composes the two states resulting in a new states= s1◦s2 ∈ [[V1∪V2]],
such thats(x) = s1(x) for all x∈V1 ands(x) = s2(x) for all x∈V2.

Given a setV of variables, we denote byPreds(V) the set of first-order predicate formulas with free
variables inV; for the moment, we assume that these predicates are writtenin some specified first-order
language. We letV ′ = {x′ | x ∈ V} be the set of primed versions of variables inV. Intuitively, a variable
x′ ∈ V ′ represents thenext valueof x ∈ V. Given a formulaψ ∈ Preds(V) and a states∈ [[V]], we write
s |= ψ if the predicate formulaψ is true when its free variables are interpreted as specified by s. Given a
formulaρ ∈ Preds(V ∪V ′) and two statess,s′ ∈ [[V]], we write〈s,s′〉 |= ρ if the formulaρ holds when its
free variablesx ∈ V are interpreted ass(x), and its free variablesx′ ∈ V ′ are interpreted ass′(x). Given a
setU of variables, we define the formulaUnchgd(U) =

∧
x∈U (x′ = x), which states that the variables inU

do not change their value in a transition. Given a predicateψ ∈ Preds(V), we denote byψ ′ the predicate
obtained by substitutingx by x′ in ψ , for all x∈V.

With those definitions, we can define a sociable interface as follows:

Definition 1. A sociable interface is a tuple M = (ActG,ActL,D ,VG
,VL

,VH
,W,ρ IL

,ρ IG
,

ρO
,ρL

,ψ I
,ψO

, I). ActG is a set of set ofglobal actions, and ActL is a set of local actions. We set
Act= ActG∪ActL. VG is a set ofglobal variables, VL is a set oflocal variables, andVH ⊆VG is a set of

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



history variables. We requireVL∩VG = /0. We setVall = VL ∪VG andV= VL ∪VH . All variables are inter-
preted over the domainD . For each actiona∈ Act we denote byW(a) the set of variables that can be mod-
ified by a. For eacha∈ ActG, the predicatesρ IL(a) ∈ Preds(Vall ∪ (Vall)′), ρ IG(a) ∈ Preds(Vall ∪ (VG)′),
andρO(a) ∈ Preds(Vall ∪W(a)′) are respectively the input local, the input global, and the output transition
predicates fora. We requireρ IL(a) to be deterministicw.r.t. variables inVL, that is, for alla ∈ ActG,
all s ∈ [[Vall]], and all t ∈ [[(VG)′]], there is a uniqueu ∈ [[(VL)′]] such thats◦ t ◦ u |= ρ IL(a). We let
ρ I (a) = ρ IL(a) ∧ ρ IG(a). For eacha ∈ ActL, the predicateρL(a) ∈ Preds(Vall ∪ (VL)′) is the local
transition predicatefor a. Local transitions represent internal choices made by the component that cannot
be viewed from the outside world. We defineψO ∈ Preds(Vall) andψ I ∈ Preds(Vall) to be respectively
the output and inputinvariant predicatesof M. Finally, we defineI ∈ Preds(Vall) to be the predicate that
characterizes the set ofinitial statesof M.

This model differs from the one given in [9] by the addition oflocal actions and of an initial condition.
The initial condition is the prelude announcement to a new feature of the tool: the manipulation of sets of
states.

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

We denoteS= [[Vall]] to be the set of states ofM. As a shorthand, we letϕ I = {s∈ S | s |= ψ I},
ϕO = {s∈ S| s |= ψO}. We define the restriction of transitions w.r.t. invariants, i.e. ρ̂ I (a) = ρ I (a)∧ (ψ I )′,
ρ̂O(a) = ρO(a)∧ (ψO)′∧Unchgd(Vall \W(a)), andρ̂L(a) = ρL(a)∧ (ψO)′∧Unchgd(Vall \VL).

Note that variables whose next value is not specified inρO (resp.ρL) are assumed to keep their value
in ρ̂O (resp.ρ̂L). The latter is reasonable since output (resp. local) transitions reflect the behaviors of the
component. However, no assumption is made onρ I andρ̂ I . The reason is thatρ I represents the behaviors
of the environment.

4.1 The Game under the Model

In this section, we assume a sociable interfaceM = (ActG,ActL,D ,VG
,VL

,VH
,W,ρ IL

,ρ IG
,

ρO
,ρL

,ψ I
,ψO

, I), and we describe its semantics in term of a turn-based game between the two
players Input and Output.

The game is played in an arena that isS= [[Vall]]. At each round, from the current state, both players
simultaneously choose a move that defines the next state of the game.

Definition 2 (Moves). The setsΓ I (M,s) andΓ O(M,s) of Input and Output moves ats∈ Sare defined as
follows:

Γ I (M,s) ={∆0}×{s′ ∈ [[Vall]] | s′[V] = s[V]}∪

{〈a,s′〉 ∈ ActG× [[Vall]] | 〈s,s′〉 |= ρ̂ I (a)}

Γ O(M,s) ={∆0}∪{〈a,s′〉 ∈ ActG× [[Vall]] | 〈s,s′〉 |= ρ̂O(a)}∪

{〈a,s′〉 ∈ ActL × [[Vall]] | 〈s,s′〉 |= ρ̂L(a)}.



The{∆0} is an extra move to ensure that both players have a move to propose in each state. Note that,
when Input plays the move∆0, it can also choose a new assignment to the history-free variables. This
models the fact that history-free variables can be modified by environment actions that are not known to the
interface.

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

Definition 3 (Move Outcome). For all statess∈ S and movesmI ∈ Γ I (M,s) andmO ∈ Γ O(M,s), the
outcomeδ (M,s,mI

,mO) ⊆ Sof playingmI andmO atscan be defined as follows.

δ (M,s,〈∆0,s
′〉,∆0) = {s′}, δ (M,s,〈∆0,s

′〉,〈a,t ′〉) = {s′,t ′},

δ (M,s,〈a,s′〉,∆0) = {s′}, δ (M,s,〈a,s′〉,〈b,t ′〉) = {s′,t ′}.

The move outcomes show the priority that a “real” move has on the output∆0 move, but not on the input∆0

move. Fors∈S, we define the set ofrunsstarting fromsas the setRuns(M,s)⊆ Sω of all infinite sequences
s0s1s2 . . ., such thats0 = s, and for alli≥0,si+1 ∈ δ (M,si ,mI

,mO), for somemI ∈Γ I (M,si), mO ∈Γ O(M,si).
We also setRuns(M) =

⋃
s∈SRuns(M,s). Giveni≥0, The finite prefixσ0:i of a runσ = s0s1s2 . . .si . . . is the

finite sequences0s1s2 . . .si that is constituted of thei + 1 first states ofσ . A strategyfor playerp∈ {I ,O}
is a functionπ p that for each runσ ∈ Runs(M) associates a moveπ p(σ0:i) ∈ Γ p(M,si) to each finite prefix
σ0:i of σ . We denote byΠ I

M andΠO
M the set of input and output strategies forM, respectively. Letπ I ∈ Π I

M

andπO ∈ ΠO
M, the setδ̂ (M,s,π I

,πO) of π I and πO from s consists of all runsσ = s0s1s2 . . . such that
s= s0, and for alli≥0, si+1 ∈ δ (M,si ,π I (σ0:i),πO(σ0:i)). Given a states∈ S and a goalγ ⊆ Runs(M,s),
we say thats is winning for input (resp. output) with respect toγ, and we writes∈ WinI (M,γ) (resp.
s∈ WinO(M,γ)), iff there isπ I ∈ Π I

M (resp.πO ∈ ΠO
M) such that for allπO ∈ ΠO

M, δ̂ (M,s,π I
,πO)⊆ γ (resp.

π I ∈ Π I
M, δ̂ (M,s,π I

,πO) ⊆ γ).

Definition 4 (Normal Form). [9] We say thatM is in normal form iff ϕ I = WinI (M,2ϕ I ), andϕO =
WinO(M,2ϕO), where2X = {s0s1s2 . . . ∈ Runs(M) | ∀i≥0 .si ∈ X ⊆ S}.

The computation ofWinI (M,2X) is referred to a safety game whose objective is2X.

Definition 4 induces the trivial, but important lemma.

Lemma 1. If M is in normal form, then it holds:

∀s∈ ϕ I
.∀(a,s′) ∈ Γ O(M,s) .s′ ∈ ϕ I

,

∀s∈ ϕO
.∀(a,s′) ∈ Γ I (M,s) .s′ ∈ ϕO

.

Definition 5 (Well-formed Sociable Interface).We say that M iswell-formediff (1) it is in normal form,
and (2)ϕ I ∩ϕO∩{s∈ S| s |= I} 6= /0.

Note that point (2) of the definition ensures thatM is 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 implemented in a tool called TICC (Tool for Interface
Compatibility and Composition) The documented code of TICC is freely available and can be downloaded
from http://dvlab.cse.ucsc.edu/dvlab/Ticc. This website is a Wiki that also contains the documentationfor
the tool, and several additional examples. TICC allows users to specify sociable interfaces, called “mod-
ules”, using a textual language based on guarded commands, perform operations on the modules, and verify



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

In the rest of this Section we consider a sociable interfaceM = (ActG,ActL,D ,VG
,VL

,VH
,W,ρ IL

,ρ IG
,

ρO
,ρL

,ψ I
,ψO

, I). Internally, TICC relies on a symbolic representation of sociable interfacesbased on
MDDs [24, 26] that are used to represent the predicatesρ IL , ρ IG, ρO, ρL, ψ I , ψO andI . MDDs are graph-
like data structures that allow to represent and manipulatefunctions of the typeA→ {T,F} (i.e. predicates
overA), for a finite setA of variables whose domain range over the Boolean and the bounded integers. It
is well known that MDDs are a very compact representation on which Boolean operations and quantifier
elimination can be performed efficiently. By abuse of notation, given a predicateX ∈ Preds(Vall), we de-
note byX also the set of states{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 we need to perform on an interface, i.e. check-
ing well-formedness. As mentioned in Section 4, this operation reduces to the computation ofWinp(M,2ϕ)
for p∈ {I ,O}. It is well known (see [4]) that the set of winning states can be characterized as a fixpoint of
an operator involving the so-calledcontrollable predecessors operators CpreI (·) andCpreO(·).

Definition 6 (Controllable Predecessor Operator).For all predicatesX ∈ Preds(Vall), we have:

CpreI (X) = ∃mI ∈ Γ I (M,s) .∀mO ∈ Γ O(M,s) .∀t ∈ δ (M,s,mI
,mO) . t |= X

CpreO(X) = ∃mO ∈ Γ O(M,s) .∀mI ∈ Γ I (M,s) .∀t ∈ δ (M,s,mI
,mO) . t |= X.

Intuitively, CpreI (X) ∈Preds(Vall) (resp.CpreO(X) ∈Preds(Vall)) is a predicate that holds true for each
states∈ Sfrom which the Input (resp. Output) player has a move that leads toX for each possible counter-
move of the Output (resp. Input) player. We have the following definition.

For all ϕ ∈ Preds(Vall), we haveWinI (M,2ϕ) = νX. [ϕ ∧CpreI (X)], andWinO(M,2ϕ) = νX. [ϕ ∧
CpreO(X)], whereνX . f (X) denotes the greatest fixpoint of the operatorf . SinceCpreI (·) (resp.CpreO(·))
is monotonic, the fixpoints exist and can be computed by Picard iteration, i.e.X0 = ϕ ,Xi+1 = ϕ ∧
CpreI (Xi), . . . , andXn = Xn+1 = WinI (M,2ϕ). Due to the definition of the moves and move outcomes of
our game, it is possible to apply reasoning that is identicalto the one given in [9], and obtain the following
result.

Lemma 2. For all predicatesϕ ∈ Preds(Vall), we have

WinI (M,2ϕ) = νX. [ϕ ∧∀PreO(X)], and WinO(M,2ϕ) = νX. [ϕ ∧∀PreI (X)],

where

∀PreO(X) =
∧

a∈ActG
∀(Vall)′ . (ρ̂O(a) ⇒ X′)∧

∧

a∈ActL
∀(Vall)′ . (ρ̂L(a) ⇒ X′)

∀PreI (X) =
∧

(∃(Vall)′ .X′∧Unchgd(V)
)
∧

∧

a∈ActG
∃(Vall)′ . (ρ̂ I (a)∧X′).

Note that∀PreO(X) ∈ Preds(Vall) and∀PreI (X) ∈ Preds(Vall).
It is possible to obtain several algorithms to compute the fixpoints of∀PreO(X) and of∀PreI (X) simply by
reorganizing the Picard iteration. Some of those algorithms have been implemented and documented in the
tool.



5.1 An Introduction to the Use ofTICC

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

We illustrate the modeling language of TICC by means of a very simple example: a fire detection system
that is composed of a control unit and several smoke detectors. When a detector senses smoke (inputsmoke),
it reports it by emitting an outputfire. When the control unit receives the inputfire from any of the detectors,
it emits the outputcall fd, corresponding to a call to the fire department. Additionally, an inputdisable
disables both the control unit and the detectors, so that thesmoke sensors can be tested without triggering
an alarm.

Below, we provide the code for the control unit module (ControlUnit) and for one of the (several) fire
detectors (FireDetector1):

module ControlUnit:

var s: [0..3] // 0=waiting, 1=alarm raised, 2=fd called, 3=disabled

initial : s = 0

iinv : true

ooinv : true

input fire: { local: s = 0 | s = 1 ==> s’ := 1

else s = 2 ==> }

input disable: { local: true ==> s’ := 3 }

output call_fd: { s = 1 ==> s’ = 2 }

endmodule

module FireDetector1:

var s: [0..2] // 0=idle, 1=smoke detected, 2=inactive

initial : s = 0

iinv : true

ooinv : true

input smoke1: { local: s = 0 | s = 1 ==> s’ := 1

else s = 2 ==> } // do nothing if inactive

output fire: { s = 1 ==> s’ = 2 }

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) listof its local variables (in the example,
those variables are used to encode the locations of the modules). This list is followed by the declarations of
the initial condition of the module and by its input and output invariants. Note that both the declaration of
the initial condition and of the invariants can be omitted, in which case they are automatically set to true.
The transitions are specified using guarded commandsguard⇒ command, whereguardandcommandare
Boolean expressions over the local and global variables; asusual, primed variables refer to the values after
a transition is taken. For instance, the output transitionfire in moduleFireDetector1 can be taken only
when the local variables has value 1, and it leads to a state wheres = 2. When a transition starts with
the keywordsinput or output, then the associated action is automatically considered tobe global. The
variables whose next value is not precised by the user are updated following the theory given in Section
4. We now go through the details of parsing a TICC program. We consider the fire detection systems and
we suppose that it is given in a file whose name isfire.si. First the user has to invoke TICC using the
commandticc from the shell. The result of this operation is an OCaml prompt from where one must
type: “open Ticc;;”. At this point the functions in the module of TICC become available at the top level
(these functions are documented in the fileticc/doc/api/Ticc.htmland in [11]). Next, one has to read a TICC

program from a file, herefire.si. This is achieved by typing the command “parse "fire.si";;”.
Theparse function reads in a .si file describing modules and possibly global variables, and places these



definition into a global namespace. If the .si file does not follow the syntax of the input language, the
function reports an appropriate error message. After parsing a TICC program, it is possible to construct
the symbolic internal representation of each module. As an example, here is the command to construct
the representation ofControlUnit: “let controlunit = mk sym "ControlUnit";;”. The command
mk sym constructs MDDs representations for all the predicates of the module. Moreover, it plays a safety
game and restricts the invariants to ensure that the module is well-formed. Thus, there can be a difference
between the module specified by the user and the one that will be used by the tool. Such differences can
be detected with printout functions of TICC. As an example, the following command can be used to print
out the content of moduleControlUnit: “print symmod controlunit;;”. The printout functions are
particularly useful for debugging in TICC. In the new release of the tool, we also added a random simulation
function on symbolic modules. This function generates an HTML file with the result of the simulation (see
Example 2). This is particularly useful in the early stages of model construction, to confirm that the model
behaves as intended. Finally, let us note that one can also write script filesfor TICC. A script file is a file
that groups a set of commands that can be executed in one step.One can invoke TICC to execute the script
file with the following command from the shell prompt: “ticc scriptfile”.

6 Composing Sociable Interfaces

In this section, we consider the composition of two sociableinterfacesM1 and M2, where Mi =
(ActGi ,ActLi ,D ,VG

i ,VL
i ,VH

i ,Wi ,ρ IL
i ,ρ IG

i ,ρO
i ,ρL

i ,ψ I
i ,ψO

i , Ii). In sociable interfaces, composition is done in
four steps. The theory behind those steps has already been given in [9] and the extension to our model is
immediate. Here, we mainly focus on what the user really needs to know when performing the operation in
TICC.

6.1 The Composability Condition

First, we need to check whetherM1 andM2 are composable. This requires checking that if an actiona∈ActG1
(respectivelyActG2 ) of M1 (resp.M2) has an output transition that can modify a history variable of M2 (resp.
M1), thenM2 (resp.M1) has an input transition for actiona ∈ ActG2 (resp.a ∈ ActG1 ). This check is the
main motivation for distinguishing between history and history-free variables: an interface should only
know all actions of other interfaces that modify its historyvariables. If we dropped the distinction, then an
interface would have to know all actions of other interfacesthat can change any of its variables, and this
could greatly increase its number of transitions. Note that, in the new version of the tool, we implemented
a pattern matching mechanism that can substantially reducethe number of transitions. As an example:

input a* : {implementation}

is equivalent to say that a module accepts all the input transitions whose first letter is “a”. 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 theirproduct. The product ofM1 and M2 is a
sociable interfaceM12 = (ActG12,ActL12,D ,VG
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2 , and I12 = I1 ∧ I2. The transitions ofM12 are combinations of the transitions ofM1 and
M2. For each shared global action, the output transition ofM1 (resp.M2) synchronizes (in our model,
synchronization boils down to conjoining the corresponding predicates) with thelocal part of the input
transition ofM2 (resp.M1), and gives rise to output transitions in the product. The reason not to synchronize
with the global part of the input is to ensure that only outputtransitions can modify the values of the global



variables (inputs are only supposed to make assumptions on them). The input transitions ofM1 andM2

corresponding to the same shared global actions are also synchronized, and lead to an input transition in
the product. Finally, the interfaces interleave asynchronously on transitions labeled by non-shared global
actions, and on local actions.

6.3 Locally Incompatible States

The productM12 can contain locally incompatible states in which one of the interfaces being composed
wants to issue an output transition labeled by a shared global action, while the other interface does not have
a corresponding (same action name) global input transitionfrom that state which agrees with the output
transition on the updates of global variables. We denote byGoodthe set of locally compatible states.

6.4 Synthesizing a Strategy

After computingM12 andGood, the next operations is to compute the set of statesWin from which the
Input player ofM12 has a strategy to always stay inGood. In other words, we play a safety game whose
arena is the set of states of the product, and whose objectiveis the setGood. The setWin is used to restrict
the input invariant and the initial condition ofM12 which is equivalent to restrict the environments in where
it can be used. This is an optimistic approach, since two interfaces are considered to be compatible if they
can work in at least one environment.

6.5 Implementation

The implementation of the composition operation is direct since it only requires Boolean combinations of
predicates (for checking the compatibility condition, forcomputingM12, and for computing the predicate
representing the setGood) and the solution of a safety game (for computingWin) (see Section 5).

The composition of two compatible interfacesM1 and M2 is denoted byM1‖M2. We have the fol-
lowing theorem.

Theorem 1. For all sociable interfaces M1, M2, and M3, either both(M1‖M2)‖M3 and M1‖(M2‖M3) are
undefined, because some of the interfaces are not compatible, or (M1‖M2)‖M3 = M1‖(M2‖M3).

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

6.6 The Composition Operation inTICC

In TICC, the user performs composition with the function “compose” followed by the name of two symbolic
modules. The result of this call is either a new symbolic module, or an error message if the two modules are
not compatible.

Example 1.Consider the fire detection system of Section 5.1, and suppose also the existence of a faulty detector
Wrong FireDetector2 which does not react on inputdisable. The code for this detector can be derived from the one
of FireDetector1 by not implementing input disabled and renaming inputsmoke1 in smoke2. WhenControlUnit
andFireDetector1 are composed, they synchronize onfire anddisable. In the product, there are no locally incom-
patible states and the tool deduces that the two components can cooperate correctly in all environments. Note that the
actionfire survives in the compositionbothas an input and as an output, thus allowingFireDetector1 ‖ ControlUnit
to be composed with other fire detectors. The composition ofControlUnit andFaulty FireDetector1 goes less
smoothly. When the composition receives adisableaction, the control unit shuts down (s= 3), while the faulty detector
remains in operation. When the faulty detector senses smoke(input smoke2), it will emit fire: if the control unit has
been disabled by thedisableaction, this causes an incompatibility. TICC diagnoses this incompatibility by synthesizing
the following input restrictions:



– A restriction preventing the inputdisableif the faulty detector has detected smoke and is about to issue fire.
– A restriction preventing the inputsmoke2whenControlUnit is ats= 3 (disabled).

Since the actionsdisableandsmoke2should be acceptable at any time, the new input restrictionsfor these actions are
a strong indication that the compositionControlUnit ‖ Faulty FireDetector1 does not work properly. However,
we conclude that the two components are compatible since they can work together in at least one environment.

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

# open Ticc;;

# parse "fire.si";;

# let controlunit = mk_sym "ControlUnit";;

# let fire1 = mk_sym "FireDetector1";;

# 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 invariant.
Note that the fire detection system illustrates the “many-to-one” communication model of sociable interfaces: sev-

eral fire detectors can communicate with the control unit using the actionfire. This is done by allowing fire detectors
to receive the actionfire also as an input. In previous models that have to distinguishbetween input and output names,
this would lead to an incompatibility, and the only solutionwould be to give an individual name to each fire detector.
This has the double disadvantage of bounding the number of detectors that can communicate with the control unit and
increasing its number of transitions (and so the internal representation used in the tool).

Due to space limitations, the reader is referred to [11] for many other illustrations of the application and the utility
of the composition operation in TICC.

7 More on the Symbolic Representation

As already announced in Definition 1, sets of states can be manipulated through TICC. A set of states can be defined in
TICC via a formula specifying constraints on the values of the variables. TICC can parse such a formula, and construct
a symbolic representation (an MDD) that enables it to manipulate the set. TICC can combine such sets with the usual
Boolean operators through several functions. The tool alsocontains an implementation of the classical CTL opera-
tors [7]. Those operators can be used to verify properties ofcomponents via model checking. TICC implements CTL

operators with a slightly modified (and more efficient) version of the basic symbolic algorithms given in [7]. Those
algorithms are based on the computation of the fixpoint of predecessor operators similar to those defined in Section
5. When model checking CTL, TICC views the module as a closed system whose transitions are theinput and output
moves of the game it induces.

We describe now an example that illustrates the use of the symbolic representation and its application to CTL.

Example 2.Consider the fire detection system given in Section 5.1, and the script file in Figure 1. Line 10 builds the
symbolic representation of a setφ consisting of the states whereControlUnit.s = 2. Line 12 prints the set of states
that satisfy the CTL formula∃3φ , and line 14 prints the set of states that satisfy the CTL formula∀3φ . Note that Line 8
of the script illustrates the use of the functionsimulate, which was informally introduced at the end of Section 5.1.

The previous example is very simple and only shows a small fragment of the functionalities provided by the tool.
In [11], we give a more complex example that also involves theuse of global variables and of a closure function. The
closure function (close in TICC) allows the user to close a module with respect to the occurrence of input transitions.
This can be used to say that the environment is no longer able to provide a certain input.

8 Refinement

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



1 open Ticc;;

2 parse "fire.si";;

3
4 let fire1 = mk_sym "FireDetector1";;

5 let controlunit = mk_sym "ControlUnit";;

6 let comp = compose fire1 controlunit;;

7
8 simulate comp "FireDetector1.s = 0 & ControlUnit.s = 0", 5, "r.html";;

9
10 let 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 CTL model-checking in TICC.

behaviors of the implementation are allowed by the specification. Unfortunately, such definition does not stand in an non
input-enabled setting, since it does not forbid the implementation to make stronger assumptions on the environment than
the specification does. To overcome the problem, de Alfaro etal. suggest a contravariant definition [12] which replaces
simulation byalternating simulation. More precisely, an interfaceQ refines an interfaceP if each input transition ofP
can be simulated inQ, and each output transition ofQ can be simulated inP.

In the rest of this section, we propose a definition of refinement for sociable interfaces. This definition is
an extension of the one given in [9]. We considerM1 and M2, two well-formed sociable interfaces, whereMi =
(ActGi ,ActLi ,D ,VG

i ,VL
i ,VH

i ,Wi ,ρ IL
i ,ρ IG

i ,ρO
i ,ρL
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i ,ψ
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andWi jointly define thesignatureof interfaceMi .

Definition 7 (Signature). The signatureSign(Mi ) of an interfaceMi is the tuple(ActGi ,VG
i ,VH

i ,Wi).

The following result shows that signature equality preserves composability.

Theorem 2. Let N1,N2, and N3 be three interfaces, such that (1) Sign(N1) = Sign(N2), and (2) N2 and N3 are compos-
able. For i∈ {1,2,3}, let VL

i be the set of local variables of Ni . If VL
1 ∩VL

3 = /0, then N1 and N3 are composable.

We now define a notion of alternating simulation for sociableinterfaces. In addition to what has been said above, the
definition must take into account the fact that the environment of an interface cannot see the local transitions. Given a
states of an interface, we defineε−closure(s) to be the set of states that can be reached froms by applying zero or
more local transitions.

Definition 8 (Refinement Relation). Assume thatSign(M1) = Sign(M2). A relation� ⊆ S1 ×S2 is a refinement
relation iff s� t implies:

1. s[VG
1 ] = t[VG

1 ];
2. for all a∈ ActG2 and for allt ′ ∈ S2 such that〈t,t ′〉 |= ρ̂ I

2(a) there existss′ ∈ S1 such that〈s,s′〉 |= ρ̂ I
1(a) ands′ � t ′;

3. for all a∈ ActG1 and for alls′ ∈ S1 such that〈s,s′〉 |= ρ̂O
1 (a) there existst ′,t ′′ ∈ S2 such thatt ′ ∈ ε−closure(t) and

〈t ′,t ′′〉 |= ρ̂O
2 (a) ands′ � t ′′.

4. for all a∈ ActL1 and for alls′ ∈ S1 such that〈s,s′〉 |= ρ̂L
1 (a) there is a statet ′ in ε−closure(t) such thats′ � t ′.

To gain some insight into Definition 8, consider that there isa refinement relation such thats� t if M1 in states
can replaceM2 in statet in every context, without the environment noticing any difference. Thus, first of alls andt
must agree on the values of the global variables known toM1 (remember thatVG

1 = VG
2 ). Then, each input that can be

accepted byM2 from t must also be acceptable byM1 in s. Conversely, each output that can be emitted byM1 in smust
also be emittable byM2 in t, or in another statet ′ that is invisibly reachable fromt. Finally, all local transitions ofM1
from s must correspond to zero or more local transitions ofM2 from t. We derive from these definitions a concept of
refinement for sociable interfaces.



Definition 9 (Refinement). We say thatM1 refines M2 iff (i) Sign(M1) = Sign(M2), and (ii) there is a refinement
relation� such that: for allt |= ψ I

2∧ψO
2 ∧ I2 there iss |= ψ I

1∧ψO
1 ∧ I1 such thats� t.

Theorem 3. Let N1,N2, and N3 be three modules, such that (1) N1 refines N2, and (2) N2 and N3 are compatible. For
i ∈ {1,2,3}, let VL

i be the set of local variables of Ni . If VL
1 ∩VL

3 = /0, then N1 and N3 are compatible.

A preliminary refinement operation has been implemented in the new version of the tool in a function called
“refines” that takes two symbolic modules as arguments. The result iseithertrue if the first module refines the
seconde one, andfalse otherwise. The implementation has already been discussed in [9] for the initial model — the
extension to the model of this paper follows similar principles.

9 Conclusion and Perspectives

This paper considers sociable interfaces — a concrete game-based 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 TICC. Several tools implementing game-based models
have already been built before TICC. As an example, we mention the tool CHIC that implements the synchronous,
variable-based interface theory of [5] which is able to handle pushdown games, a feature that TICC does not have (yet).
Another example is the Ptolemy toolset [19] that implementsthe model of [12].

With respect to these other tools, TICC has the advantage of being able to use rich communication primitives
to model components in a very compact and natural way. The symbolic representation of TICC is also particularly
attractive since it makes the tool very efficient and easily extensible. Both the tool and the sociable interfaces model are
in constant evolution, and we are considering many improvements as well as several promising research directions.

One of our major concerns is the improvement of the existing functionalities. As an example, we plan to implement
a new function that, given a symbolic set of statesSand a CTL formulaφ , will check if all states inSsatisfyφ and will
print a shortest counterexample trace if it is not the case. Such a functionality has been shown to be very useful for the
design and the debugging of systems [23]. We are also considering the implementation of several functions that would
give more feedback about a partial incompatibility betweenmodules (see Example 1).

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

Another promising research direction we are now investigating is a real-time extension of the Sociable Interface
framework, along the lines of theTimed Interfacesof [14]. This is a large and complex endeavor, as the game-theoretic
machinery of TICC will have to be replaced with one suited to real-time games [10]. An interesting application for the
timed sociable interface model would be the scheduling of timed open systems. A timed version of the tool is desirable
since it would constitute a platform for the implementationof various recent results on timed open systems (e.g., [18]).

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