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Abstract 

 
The language of MSC diagrams is one of widely spread languages used for the development of 
protocols of communicating systems, design of a software and hardware for real time and reactive 
systems industrial applications. Often it is used as an abstraction of systems specified in SDL. In the 
paper an extended version of MSC language with time specifications for events is described. This 
extension has been developed for the verification of requirements for interactive systems. To make 
the development of tools for verification of high reliability and quality a formal semantics of the 
language has been developed. To define formal semantics a new approach based on a theory of 
interaction of agents and environments has been used. This approach helped to simplify the 
semantics definition in comparison to the approaches based on highly sophisticated process algebras 
and made the semantics definition more closed to possible implementations. An algorithm of 
checking time consistency has been developed on a base of this semantics. 
 
1. Introduction 
 
The language of Message Sequence Charts (MSC diagrams) is one of widely spread languages used 
for the development of protocols of communicating systems, design of a software and hardware for 
real time and reactive systems industrial applications [ITU96]. Often it is used as an abstraction of 
systems specified in SDL. MSC is an asynchronous language without explicit notion of time. But 
there are a lot of applications, which need the explicit notion of time and time synchronization. 
Several approaches to introduce time in MSC are known [Men93, Sch95, AHP96, BL97, ITU00]. In 
the paper an extended version of MSC language with time specifications for events is described. 
This extension has been developed for the verification of requirements for interactive systems. To 
make the development of tools for verification of high reliability and quality a formal semantics of 
the language has been developed. The PhD thesis of M.A.Reniers [MAR99] based on Algebra of 
Communicated Processes (ACP) [ACP01] has been used as a  starting point for the development of 
this semantics. To define formal semantics a new approach based on the theory of interaction of 
agents and environments [LG99] has been used. This approach helped to simplify the semantics 
definition in comparison to the approaches based on highly sophisticated Reniers process algebra 
and made the semantics definition more closed to possible implementations. Moreover this 
semantics is easy to modify and introduce new features. An algorithm for checking time consistency 
has been developed on a base of this semantics. 
 
Our semantics for untimed MSC is different from the Reniers definitions in the use of more 
synchronization for conditions, references and in-line expressions. Our definitions are represented in 
the form of two calculi, which define transitions for untimed and timed MSC environments 
correspondingly. Then we describe the translation of MSC diagrams to MSC processes and discuss 
the use of the created semantics.   
 
2. Semantics of MSC 
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2.1.Agents and environments 

 
Mathematically agents are represented by means of labelled transition systems with divergence and 
termination, considered up to bisimilarity. Environments are agents supplied with an insertion 
function, which describes the change of behavior of an environment after inserting an agent into this 
environment.  
 

2.1.1. Agents 
 
Agents are objects, which can be recognized as separate from the rest of a world or an environment. 
They exist in time and space, change their internal state, and can interact with other agents and 
environments, performing observable actions. Agents can be objects in real life or models of 
components of an information environment in a computerized world. The notion of agent formalizes 
such objects as software components, programs, users, clients, servers, active components of 
distributed knowledge bases and so on. 
 
Agents with the same behavior are considered as equivalent and are identified when reasoning 
mathematically. The equivalence of agents is characterized in terms of an algebra of behaviors F(A) 
which is a free two sorted (actions aÎA and behaviors uÎF(A)) continuous algebra (algebra with 
approximation) and two operations. These are non-deterministic choice, which is an associative, 
commutative and idempotent binary operation u+v, u,vÎF(A), and prefixing a.uÎA, uÎF(A) (like 
basic ACP). Approximation relation Í on a set of behaviors is a partial order such that two main 
operations are continuous. The algebra F(A) is closed relative to the limits (least upper bounds) of 
the ordered sets of finite behaviors so the minimal fixed point theorem can be used for the 
definitions of infinite behaviors. Finite elements are generated by three termination constants ∆ 
(successful termination), ⊥ (the minimal element of approximation relation) and the deadlock 
element 0.  
 
Behaviors can be considered as states of a transition system if 'uu a¾®¾  means that u=a.u'+v for 
some v. The notion of an abstract agent is introduced as a transition closed set of behaviors. All 
known compositions in various kinds of process algebras (including parallel and sequential 
composition) can be then defined by means of continuous functions over the behaviors of agents. To 
define the parallel and other compositions some algebraic structure on the set of actions must be 
considered to define synchronization operations or combination of actions that is a set of actions is 
an action algebra. In this paper we shall use only interleaving for the definition of parallel 
composition so the set of actions is considered as a flat set (no operations).  
 
Each behavior u ÎF(A) over an action set (or action algebra) A can be represented in the form 

å
Î

+=
Ii

ii uau ε  

ai are actions, ui are behaviors, the set I is a finite or infinite set of indices, ε=∆,⊥,∆+⊥,0 
(termination constants). If all summands in the representation (1) are different then this 
representation is unique up to the associativity and commutativity of non-deterministic choice.  

 
2.1.1.2. Environments 
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An environment E is an agent over environment algebra of actions C with an insertion function. The 
insertion function Ins of an environment is a function of two arguments: Ins(e,u)=e[u].  The first 
argument e is a behavior of an environment, the second is a behavior of an agent over an action 
algebra A in a given state u (the action algebra of agents can be a parameter of the environment). An 
insertion function is an arbitrary function continuous in both of its arguments. The result is a new 
behavior of the same environment. 
 
The notion of an environment gives the possibility of defining a new type of agent equivalence 
which is in general weaker than bisimilarity. This is insertion equivalence, which depends on an 
environment and its insertion function. Two agents (in given states) or behaviors u and v are 
insertion equivalent with respect to an environment E, written u~E v if for all eÎE, e[u]=e[v]. After 
the insertion of an agent into an environment, the new environment is ready to accept new agents to 
be inserted. Since the insertion of several agents is a common operation, we shall use the notation 

e[u1,...,un]=e[u1]...[un] 
for the insertion of several agents. 
 

2.1.1.3. Insertion functions 
 
To define insertion we use rewriting rules in the algebra of behaviours. Each rule has one of two 
forms: 
 

F(x)[G(y)]→ d.F'(z)[G'(z)] 
 

F(x)[G(y)] → F'(z)[G'(z)] 
 

where x = (x1,...,xn), y = (y1,...,yn), z = (x1,x2,...,y1,y2,...), x1,x2,..., y1,y2,... are action or behavior 
variables, F,G,F',G' are expressions in behavior algebra, that is expressions built by non-
deterministic choice and prefixing.  The first type of a rule defines transitions of a type 
 

F(x)[G(y)] ¾®¾d  F'(z)[G'(z)] 
 
The second one defines unlabelled transitions. They are not observable outside, that is behavior of 
an environment include the following rule: 
 

]''[''][
]''['']'['],'['][ *
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where - ¾®¾*  means transitive closure of unlabelled transition. Rewriting rules must be left linear 
with respect to the behaviour variables , that is no one of behaviour variables occurs more than one 
time in the left hand side.  We should also add rules for terminal and divergent states and the 
following condition:   

 
 

⊥=®ÞÍÍ¾®¾ ][/][,,],'['][ vfvfefuvueue d
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where f[v] /→ means that there are no transitions from the state f[v]. Under these conditions the 
insertion function defined by them will be continuous even if there are infinitely many rules.  This is 
because to compute the function e[u] one must know only some finite approximations of e and u. 
 
Rewriting rules can define non-deterministic transition relation that is two different left hand sides 
can be matched with the same state of an environment e[u] (critical pairs are allowable). Two 
rewriting rules corresponding to transitions 'ss c¾®¾  and ''ss c¾®¾  can be changed to one rule of 
a type 'ss c¾®¾ +s'', and it is actually being done in the implementation. 
 

2.2. MSC environment 
 
Two calculi for the semantics of MSC will be considered. The first one defines the semantics of a 
standard MSC without time specifications and is called MSC0. The second one is the semantics of 
timed MSC called MSC1. MSC agents correspond to MSC diagrams and their insertion to the MSC 
environment correspond to calls for MSC diagrams by means of references, which are considered as 
the only way to transfer control between different diagrams. The environment itself can be 
considered as a simulator of MSC diagrams. It synchronizes the interaction of MSC processes and 
generates all possible traces for a given set of diagrams.      
 

2.2.1. The structure of untimed MSC environment  
 
To create the environment one must define the actions of agents and environment and define the 
insertion function. The insertion function will be defined by means of a calculus for transition 
relation of environment.    
 
Agent actions originate from the textual representation of MSC diagrams and we use abstract 
syntax similar to those used in the standard. Message actions (events) are out x(i,j) and in x(j,i) 
where x is a message expression, i,j are instances. Local actions: action x(i). Timer actions: set 
timer x(i), reset timer x(i), timeout x(i). Instance actions: inst(i), create(i,j), stop(i). 
 
Control actions are used to synchronize conditions and references. They are not observable from the 
outermost environment and are used to inform the MSC environment about finishing events 
preceding condition or reference on an given instance. There are two types of control actions: cond 
z(i,J) and ref z(i,J). Here z is a condition (reference) name, i is the name of an instance and J is the 
set of instances to which a condition (reference) is attached, iÎJ. Each action above is said to belong 
to an instance i, and if a is an action then inst(a) denotes an instance to which this action belongs. 
To include incomplete events the names lost and found are considered as always-defined instance 
names. For each action a a named action (x:a) is also considered, where x is a process name. Process 
names originate from the names of MSC diagrams and are generated in simulation time. Non-named 
actions in processes are identified with actions named by a unique name main, used for the naming 
of the outermost (with respect to references) diagram. Therefore it is possible to define all rules 
below only for named actions. Gates and causal orderings are not considered in our semantics, but it 
is not difficult to make corresponding extension.      
 
Agents are processes over agent actions (considered up to bisimilarity). Typical ones are composed 
from agent actions by ACP operations (prefixing, sequential and parallel compositions and non-
deterministic choice). The transition rules for ACP operations are usual, but parallel composition is 
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considered as interleaving. In addition named processes (x:P) are considered. Transition rules for 
named processes:      

'PP a¾®¾  Þ )':():( ):( PxPx ax¾¾®¾  
Following the agreement above not named processes are considered as processes named implicitly 
by the name main. The transition rules for MSC environments will be defined below. All processes 
described above are called MSC processes.  
 
State objects are used to create the environment states of MSC environment. A state object is a data 
structure of a type: 

<process:U, out:O, synchr:S, perform:R, allinst:F> 
 
A component out is a partial function of three arguments (x,i,j) where x is a message expression, i 
and j are instances. The function takes values in the set of positive integers. If O(x,i,j) = m, it means 
that before the current moment of time there were m message events out x(i,j) for which there were 
no corresponding in message events.   
 
A process component U is a function from the names of MSC diagrams to processes, representing 
these diagrams. This component is not changed in simulation time, so in implementation it can be 
located in other place than dynamically changed part of the environment state.  
 
A synchr component S is a partial function of three arguments (x, y, J). The first argument is a name 
of a reference. The second one is an expressions wait cond z or wait ref z, the last one is a set of 
instances. S(x,y,J) = I is a nonempty subset of a set J. S(x,wait cond z, J) = I means that sometimes 
before the current moment of time a control action x:cond z(i,J) has been performed, and after this 
the similar actions has been performed for all iÎI. The same is about wait ref z. 
 
A perform component R is a partial function from a set of reference names to the set of pairs (J,y), 
where J is a set of instances and y is a reference name. If R(x) = (J,y) it means that at the current 
moment of time a reference x attached to the set J is performed in the scope of another reference y. 
Note that the names of references are generated in the simulation time and the names of references 
are complex names which define not only the name of MSC diagram but also the occurrence of a 
reference in the ambient one. Therefore several references to the same diagram can be performed at 
the same moment of time.  
 
A component allinst is a function defined on the set of reference names. F(x) = I is a set of all 
instances active in the corresponding MSC diagram, which is under performance at the current 
moment of time. The condition F(x) = Æ is a termination condition for the process of msc diagram.  
 
The states of MSC environment are environment expressions s[P] where s is a state object and P is 
an MSC process. Insertion function is defined so that s[P,Q]=s[P | | Q]. The environment in a state 
s[∆] is called empty environment if s is a state object. Initial states are state expressions s[P] such 
that s.process is a set of named processes and P is not named (implicitly named by main) MSC 
process. The set of states of environment is restricted to the set of reachable states from possible 
initial states. This restriction is consistent with the insertion function, because if s'[P'] is reachable 
from s[P] then s'[P' | | Q] is reachable from s[P | | Q].  
  

2.2.2 Insertion function of untimed MSC environment 
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Partial function transformations. A state object constitutes with partial functions and here we 
explain the notation used for the description of partial functions transformations. Let f be a partial 
function. Then Dom(f) denotes the domain of this function. For any x we write f(x) = ⊥ if f(x) is not 
defined (⊥ÏDom(f)). The operator [x:=y] transforms f to a new function f’=f[x:=y] such that for all z, 
if z ¹ x, f’(z)=f(z), and f’(x) = y. The operator [Dom\E] deletes the set E from the domain of f, that is 
Dom(f[Dom\E]) = Dom(f)\E and f is an extension of f[Dom\E]. Note that Dom(f[x:=y]) = 
Dom(f)È{x}(both cases xÎDom(f) and xÏDom(f) are possible). We use a symbol Æ to denote a 
function with empty domain. A function O in a state object is considered as multi-valued. This 
means that if O(x,i,j)=Æ then we consider this function as undefined in the point (x,i,j). Therefore 
O(x,i,j) = Æ is equivalent to O(x,i,j) = ⊥ (Æ = ⊥ for multi-valued functions).  
 
Suspended instances and actions. Instance k is called suspended in s for a name x if one of the 
following conditions are true: 

1. kÎ(s.synchr)(x,y,J),  
2. kÎ(s.perform)( y,x).   

Suspended instances are synchronized by a condition or by a reference. Action (x:a) is suspended in 
a state object s if one of the following conditions are true: 

1. inst(a) is suspended in s for x;  
2. inst(a)Ï(s.allinst)(x); 
3. a is an in-message but there is no corresponding out-message Dom(s.out) 

 
Reference tree. Each reference is called from the main diagram or some other uniquely defined 
performed reference. The tree of reference calls in a state object s can be reconstructed from 
s.perform component which contains for each call x the upper-level call y in (s.reference)(x)=(J,y). 
All performed references are working in parallel. The following restriction must be satisfied: If an 
instance i is active in a performed reference x, it must be suspended in all other performed at the 
current moment references. This restriction will be satisfied if each instance used in the reference is 
attached to this reference and if an instance is shared by two references it must be attached to both 
(sequentially). 
 
General agreements. Condition Ø(s[∆] ®) means that there are no hidden transitions for the state 
s[∆] and (s ¾®¾a ) means that there exists s' such that s ¾®¾a s '.In the rules below 

s = <process:U, out:O, synchr:S, perform:R, allinst:F> 
s’ = <process:U’, out:O’, synchr:S’, perform:R’, allinst:F’> 

 
The necessary conditions for (s[∆] ¾®¾ ax : ) is that action a is not suspended in s for x and this 
condition is assumed for all rules below. 
 
Observable and non-observable actions. Let us consider a control action x:z(i,J), z = cond, ref. 
This action is called complete in a state s if J = {i} or S(x,wait z,J)È{i}=J. Otherwise an action is 
called incomplete. An action is called non-observable if it is an incomplete control action. 
Otherwise an action is called observable. Note that the notion of observity depends on a state of an 
environment.  
 
General rules.  
 

s ® s' Þ s[P] ® s'[P] 
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s[P + Q] = s[P] + s[Q] 
 
 

]'||['][
'],['][

'
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for observable action (x:a) and 
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for non-observable action. In two last rules Ø(s[∆] ®) is assumed. Action a’ in the first rule is 
different from a only if a is a control action. In this case if a = z x(i,J) (z = cond or z = ref) then a’ = 
z x(J).  
 
Rules for messages and local actions. For a non-suspended action (x:a) of this type a transition 

s[∆] ¾®¾ ax : s' [∆] 
is always possible. Only function O is changed as a result of this action. 

a = action x(i), or a = out x(i,lost), or a = in x(j,found) Þ O' = O; 
a = out x(i,j), j ¹ lost Þ O'= O[(x,i,j):= m+1], 
a = in x(j,i), i ¹ found Þ O'=O[(x,i,j):= m −1] 

where m=0 if O(x,i,j)=⊥, otherwise m= O(x,i,j). 
 
Rules for instance actions. For a non-suspended instance action (x:a) a transition 

s[∆] ¾®¾ ax : s' [∆] 
is possible for conditions below. Only function F is changed by this action.  

a = inst(i), iÏF(x) Þ F' = F[x:=F(x)È{i}]; 
a = create(i,j), jÏF(x), Þ F' = F[x:=F(x)È{j}]; 
a = stop(i), iÎF(x) Þ F' = F[x:=F(x)\{i}].    

The cases, which are not covered by preconditions, are forbidden.  
 
Rules for control actions. For a non-suspended incomplete control action (x:a) with a = z y(i,J)) a 
transition 

s[∆] ¾®¾ ax : s ' [∆] 
is always possible. Only function S is changed:  

S' = S[(x,z y,J):= S(x,z y,J)È{i}]  
For complete action 

S' = S[(x,z y,J):=Æ] 
If  z = wait cond the transition is the same and this is the only change. If z = wait ref the transition 
is  

s[∆] ¾®¾ ax : s' [x m:subs(x,Q)] 
where x:QÎ U, m is a fresh identifier to distinguish different references to the same diagram. 
Function subs substitutes actual parameters instead of formal ones (both are in the reference name 
x). The function R is changed in the following way: 

R’ = R[y:=(J,x)] 
Other functions do not change. 
 
Terminate perform reference rule: 

F(x) = Æ Þ s[∆] ® s'[∆] 
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Only functions F and R are changed when this transition is performed: 
F' = F[Dom\{x}], R' = R[Dom\{x}] 

 
 

2.2.3.The structure of timed MSC environment 
 

Time extension of MSC includes first of all adding time specifications to agent actions. These 
specifications define the computation of time for action relative to other actions already performed 
in the environment. Some of actions can be supplied by time labels to connect them with other 
actions. Two level structure of environment is used for MSC1. If s[P] is a state of MSC0 we can 
forget about insertion function for MSC0 and consider this state as a state of a new agent. This agent 
can be inserted into an MSC1 environment in a state q and a new two level environment state 
q[s[P]] will be obtained.  
 
Agents actions in timed MSC have the following structure: 

<event:e,spec:T,lab:l>, 
 
where e is a non-named action of MSC0, T is a time specification, l is Nil (non-labeled action) or a 
label. Named actions are defined in the same way as in MSC0. Classification of actions by events 
(message actions, etc.) is the same as in MSC0. There are the following kinds of time specifications. 

1. abs[t0:t1] means that the absolute time when the action (event) e can be performed 
(happened) belongs to the time interval[t0:t1]. 

2. rel[t0:t1], relative time specification. Means that the time t when action e can be performed 
depends on other actions belonging to the same instance and is equal to t’ + d where t’ is the 
time when the last action was performed on the instance inst(e) and  d belongs to [t0:t1].  

3. lab l[t0:t1], labelled time specification. The time of  e is t’ + d where t’ is the time of the last 
action labelled by l and d belongs to [t0:t1]. 

4. out[t0:t1], time specification used for in messages. The time is where t’ is the time of the 
corresponding in message and d belongs to [t0:t1]. 

 
Agents of MSC1 are defined as processes over actions of MSC1 agents. The transition function for 
MSC0 environment is extended to new set of actions in the following way. Let a.event = a’. Then 

s ¾®¾ 'a s’ Þ s ¾®¾a s’ 
So we can take the states of MSC0 environments as generating processes over MSC1 agent actions 
that is as MSC1 agents. The actions of MSC0 environment are not named. So are the actions of 
MSC1 agents  
 
State objects of MSC1 have the following structure: 
 

<label: L, inst: I, out: O, current: t> 
 
A label component L is a function defined on the finite set of  labels, L(l) is the moment a label l has 
been defined last time. An inst component I is a function from the set of instance names, I(i) is the 
time of the last event on the instance i. An out component O is a function defined on out-message 
names and pairs of instances. O(x,i,j) is the set of moments of time the action out x(i,j) has been 
performed and the corresponding in-message action still has not been performed. Non-negative 
number t in current component is a current moment of time. 
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The states of MSC environment have the same definition as in MSC0, but in s[∆] s is a state object 
defined above. A state s[P] is called initial if P is an initial state of MSC0 and s = (label: Æ, inst: 
Æ, out: Æ, current: 0). 
 

2.2.4. Insertion function for timed MSC environment 
 
In the rules below if s[∆] ¾®¾a s' [∆] then 
 
 s =(label: L, inst: I, out: O, current: t), 
 s’ =(label: L’, inst: I’, out: O’, current: t’), 
 
General rules: 
 

s ® s' Þ s[P] ® s'[P] 
 

s[P + Q] = s[P] + s[Q] 
 

]'['][
'],['][

)',( PsPs
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¾¾ ®¾
¾®¾∆¾®¾∆  

 
 
Computing current moment of time. Consider a state of an environment s[∆]and an action a 
belonging to an instance i and a is not a control action. First we define if the transition from this 
state with action a is possible, that i. For this purpose the state time interval [d0: d1] is computed. It 
depends on a kind of time specification of a:   
 a.spec = abs[t0: t1] Þ [d0: d1] = [t0: t1] 
 a.spec = rel[t0:t1] Þ [d0: d1] = [I(i)+ t0:I(i)+t1] 
 a.spec = lab l [t0:t1] Þ [d0: d1]= [L(l) + t0:L(l) + t1] 
Action a is called to be admissible for its instance if I(i) £ d1. Denote d0'=max{I(i), t0}. An action a 
is called to be admissible in a current moment of time t if t £ d1. If action a is admissible for its 
instance and in a current moment of time, a transition is possible and in  

s[∆] ¾®¾a s' [∆] 
a moment t' is computed in the following way. Let d0'' = max{t, d0'}. Then t' is an arbitrary moment 
of time selected from the interval [d0'':d1], that is d0'' £ t' £ d1. A new value of I is also computed 
now: I' = I[i:=t']. Therefore we have also that the current moment of time is always the maximal last 
event time for all instances.                     
 
Computing s.label. In the rules of a type 

s[∆] ¾®¾a s' [∆] 
L' is always computed in the following way: 

1. a.lab = l ¹ Nil, L' = L[l:=t'] 
2. a.lab = Nil Þ L' = L 

 
Rules for message and local actions. Let a.event = e.       

e = out x(i,j), j ¹ lost Þ O’= O[(x,i,j):= O(x,i,j)È{t’}] 
e = in x(j,i), i ¹ found, O(x,i,j) ¹⊥, d = max O(x,i,j) Þ O’=O[(x,i,j):= O(x,i,j)\{d}] 
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In all other case O does not change. L', I', and t' are computed following the general definitions. 
 
Rules for instance actions. If a.event = e is an instance action. 

e = inst(i), iÏI Þ I¢ = I[i:=t] 
e = create(i,j), jÎI Þ I¢ = I[j:=max{I(i),I(j)}] 
e = create(i,j), jÏI Þ I¢ = I[j:=t] 

Otherwise I unchanged. Other components also unchanged. 
 
Rules for control actions. Let a.event = z x(J). To compute t’ first replace t by max{iÎJ|I(i)}. Then 
compute all other components using general rules.   
 
3. Translation of MSC to MSC environment expressions 
 
Each MSC diagram from MSC document in the text representation is considered and translated 
separately. The result of a diagram translation is an expression x:P, where x is the name of MSC 
diagram and P is an MSC process. The result of translating of a document is a state of MSC 
environment, which consists with the translations of MSC diagrams of a document. We assume that 
msc body of each diagram consists of only with event definitions (shared events are considered as 
reducible to this case). Change all in-line expressions to named reference expressions introducing 
separate MSC diagrams for msc bodies. Now multi instance events are only conditions and 
references. 
 
Condition condition x attached to instances i1, i2 ,... is changed to the set of actions cond(i1,J), ..., 
cond(i2,J), ... , where J={i1, i2 ,...} and new local actions are attached to the corresponding instances. 
To translate a multi instance reference event (x:reference E(x1,x2 ,...)) attached to instances i1, i2 ,..., 
where x1,x2 ,... are names of MSC diagrams, and E is not trivial expression (at least one operation is 
used) first the diagrams x1,x2 ,...are translated and the set of named MSC processes x1,:P1, x2:P2,... are 
obtained. Then function F(E(x1,x2 ,...), P1,P2 ,...)is computed using the following definition: 
  
F(loop(m,n) E’, P1,P2 ,...) = loop(m,n,F(E’ P1,P2 ,...)); 
F(alt E1 alt E2 alt..., P1,P2 ,...)= F(E1,P1,P2 ,...)+ F(E2,P1,P2 ,...)+...; 
F(opt E’, P1,P2 ,...) =  F(E’ P1,P2 ,...) +∆; 
F(par E1 par E2 par... , P1,P2 ,...) = F(E1,P1,P2 ,...) | | F(E2,P1,P2 ,...) | | ... ; 
F(seq E1 seq E2  seq... , P1,P2 ,... ) = (F(E1,P1,P2 ,...); F(E2,P1,P2 ,...) ;... ); 
F(exc E, P1,P2 ,...) = (F(E, P1,P2 ,...);0) +∆;  
F(xi, P1,P2 ,...) = Pi ; 
 
After this translation the name x is reused as the name of a new process F(E(x1,x2 ,...), P1,P2 ,...) and 
reference event is changed to the set of actions ref x(i1,J), ..., ref x(i2,J), ..., where J={ i1, i2 ,... }. New 
actions are attached to the corresponding instances.  
 
The translation of a diagram x without in-line expressions and with only local events on the 
instances i1, i2 ,... , is the named process x:( p1 | | p2 | |...), where pk is a sequential composition of local 
evens located on the instance ik if there are no coregions on this instance. For coregions a parallel 
composition is used instead of sequential one. We add actions create(ik) and stop(ik) at the beginning 
and the end of a process correspondingly. 
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All names of processes are used to create the initial state s and an environment expression s[P], 
where P is the translation of the main diagram. If there is no main diagram s[∆] is a translation and 
arbitrary MSC processes can be inserted into an environment in this initial state.   
 
Function loop is computed in simulation time using the following recursive definition: 
 loop(0,0,G) = ∆, 
 loop(0,inf,G) =  (G;loop(0,inf,G)) + ∆, 
 loop(m,inf,G) =  (G;loop(m-1,inf,G)), 
 loop(0,n,G) = (G;loop(0,n-1,G)) + ∆, 
 loop(m,n,G) = (G;loop(m-1,n-1,G)). 
 
Note that we use strict sequential composition instead of weak one as it was defined in the Reniers 
semantics. There are some reasons to do so. First, it does not contradict to our experience. Second, 
the computation of a weak product can have high complexity and for recursive diagrams is 
unsolvable at all.   
 
 

5. Conclusions 
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