
ABSTRACT 

Message Sequence Chart (MSC) is a formal language widely 
used in industry for requirement specifications. In this paper, we 
propose a stochastic extension to MSC and this extend version 
of the MSC language is called Stochastic Message Sequence 
Charts (SMSC). Compared with MSC, SMSC is suitable for 
performance modeling and analysis. We integrated the SMSC 
language into the Möbius framework, which has a well-defined 
interface that facilitates interactions and solutions to hybrid 
models from different modeling formalisms, to enable the use of 
the Möbius built-in solvers for evaluating the models’ stochastic 
properties.  

Keywords: Message Sequence Charts, Stochastic Modeling, 
Formal Specification, and Performance Analysis. 

1. INTRODUCTION 

In the past two decades, much research has been conducted in 
the area of formal methods. Various formalisms have been 
studied and the corresponding tools developed [1-9]. The use of 
formal methods has evolved as the choice for developing 
software and hardware systems, for achieving higher 
performance and dependability. Performance evaluation is an 
important branch of formal analysis of system properties [10-
15]. It concerns the quality of service a system can provide. 
However, not all formalisms are suitable for performance 
evaluation. For example, the original formulations of Petri Nets 
[16] and Process Algebras [17] cannot be used for performance 
evaluation and were originally useful for evaluating properties 
such as system liveness, deadlock free, and other static 
properties. However, Stochastic PNs and PAs do provide such 
capabilities. 

Message Sequence Chart (MSC) [18, 19] is a language 
widely used in industry for requirement and design specification 
as well as test case description. As a formal language, MSC has 
a well-defined syntax and semantics. MSC models are 
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decomposed into a number of independent message passing 
instances. System behavior is evaluated through a series of 
charts indicating interactions between those instances. However, 
MSC cannot be used for performance modeling without adding 
time information.  

Therefore, the first problem addressed here is making MSC 
suitable for performance modeling. This can be accomplished in 
a similar fashion as was done for Stochastic Petri Nets (SPNs) 
and Generalized SPNs (GSPNs) [20, 21], where transitions are 
associated with stochastic timing information used to evaluate 
system performance and are widely used for this purpose. A 
similar extension to PAs exists, known as Stochastic Process 
Algebra (SPA) [22], where events are associated with random 
time information, also used for system performance evaluation.1 
Based on the same idea, we have extended MSCs to Stochastic 
MSC (SMSC) for performance analysis. Although much 
research has transpired [23-25] since MSC was proposed, it has 
not been extended to enable the modeling of stochastic 
properties. 

The second problem concerns how to create an analysis tool 
(i.e., how to solve SMSC models). To address this problem, 
SMSCs are incorporated into the Möbius framework [26]. 
Möbius includes a well-defined backplane for multi-formalism 
modeling. Several formalisms (SAN: Stochastic Activity 
Network [27], PEPA: Performance Evaluation Process Algebra 
[28], etc.) have been successfully integrated [29, 30]. SMSC is 
also integrated into Möbius to enable its models to interact with 
other built-in Möbius formalisms and to utilize the Möbius 
solvers for SMSC models.  

2. MESSAGE SEQUENCE CHARTS AND THE MÖBIUS 

FRAMEWORK 

The full specification of the Message Sequence Charts language 
can be found at [19]. Here, we briefly introduce the MSC 
formalism and provide some basic concepts necessary to 
understand our approach. These concepts include the basic 
constructs of MSCs, event ordering rules, the composition of 
MSCs and High-level MSCs. 

The MSC formalism describes a system using a series of 
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charts; each specifies part of the system behavior. These charts 
are combined together to depict the whole system. Inside each 
chart, there are several independent instances that represent 
components of the system and these instances exchange 
messages and perform actions. MSCs are always placed within 
the context of some encompassing environment. An MSC can 
be represented graphically or textually. Fig. 1 shows an example 
of a basic MSC with its graphical and textual representations.  

An MSC is generally composed of the following constructs: 

• Instances: the primary entities that represent system 
components. 

• Messages: Information exchanged between instances. 
• Local Actions: actions happened within one instance 

without communicating with other instances. 
• Conditions: System state that may restrict the occurrence 

of certain events. 
• Coregion: A region where the order of events does not 

matter. 
• General ordering: A construct to explicitly specify the 

order of two events. 
• Reference: refer to another chart. 
In addition to the order imposed by coregions and general 

orderings, an MSC also orders the events using two basic 
ordering rules: 

• The events of an instance are executed in the same order 
as they are given on the vertical axis of the chart from top 
to bottom. 

• The message-sending event must happen prior to the event 
of receiving the same message. 

MSC also supports structural design. Generally, the way to 
combine MSCs is to use a High-level MSC (HMSC), where 
MSC references and other constructs are used to specify their 
composition. An HMSC cannot contain instances, messages or 
local actions although it may employ conditions. HMSCs only 
use MSC references because the goal of HMSC is to define how 
the basic MSCs are connected. 

Möbius Framework 
Möbius provides a method by which multiple, heterogeneous 
models can be composed together, each representing a different 
software or hardware module, component, or view of the system 
[26]. The composition techniques developed permit models to 
interact with one another by sharing state, events, or results. 
This framework also supports multiple modeling languages and 
multiple model solution methods, including both simulation and 

analysis. Möbius is extensible, in the sense that it is possible to 
add new modeling formalisms, composition and connection 
methods, and model solution techniques to the software 
environment that implements the framework without changing 
existing tool components. 

Möbius defines three basic entities: state variables, actions, 
and action groups (or groups). State variables hold the state 
of the model, or the state of the modeled system. Actions are 
the only entities that can change the values of state variables, 
thus the state of the model or the system. Groups contain one or 
more actions called group members.  A group is enabled when 
at least one group member is enabled. However, not all enabled 
group members can fire. At any time, only one enabled group 
member is elected as the representative that can fire. The 
hierarchical model construction method is shown in Fig. 2.  

Möbius defines an Abstract Functional Interface (AFI). The 
AFI is the core of the framework because it enables models to 
exchange information with other models and different solvers. 
The AFI also enables the Möbius solvers to solve a model 
without the knowledge of the underlying formalism. Thus, 
hybrid models that consist of models from different formalisms 
are solvable.  

3. STOCHASTIC MESSAGE SEQUENCE CHARTS 

In this section, we define SMSC and provide new ordering rules 
for SMSC. The difference and similarity between SMSC and 
MSC are explained. 

3.1 Definition of SMSC 
We define SMSC based on the language of MSC as follows. An 
SMSC is an MSC where all events are enhanced to behave 
as real activities by associating stochastic time information 
with them. The stochastic time associated with an activity is 
the time needed to complete the activity. 

The term “Event” is usually used to describe the occurrence 
of something. When an event is associated with time, we call it 
an “activity.” Activity means something that takes time to 
complete. The stochastic time associated with activities can be 
deterministic, exponential, beta, etc. There is no restriction on 
what type of distribution a stochastic time can take. The 
different distributions may affect the underlying stochastic 
process that a model defines, and hence the model solution 
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m2

m3

msc example 1
i1            i2             i3

msc example 1

i1: out m0 to env;
i1: out m1 to i2;
i2: in m1 from il;
i2: out m2 to i3;
i3: in m2 from i2;
i1: action a;
i2: out m3 to i1;
i1: in m3 from i2;
endmsc;

a

 
Fig. 1 An example of a basic MSC. 

Fig. 2 The Möbius framework. 
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method. However, to simplify the description, we use the 
exponential distribution as the default distribution in the rest of 
this section (see Fig. 3). 

m0 (r1,r2)
m1(r3,r4)

m2(r5,r6)

m3(r7,r8)

smsc example 1
i1                 i2                i3

smsc example 1

i1: out m0 to env withrate r1;
i1: out m1 to i2 withrate r3;
i1: action a withrate r0;
i1: in m3 from i2 withrate r8;
i2: in m1 from il withrate r4;
i2: out m2 to i3 withrate r5;
i2: out m3 to i1 withrate r7;
i3: in m2 from i2 withrate r6;
endsmsc;

a(r0)

 
 

The MSC language has two types of events: the events in 
message passing and the events for local actions. Also, there are 
two types of activities: message and local action activities or 
simply local activities. A message in the SMSC language 
consists of two activities: the activity of sending and the activity 
of receiving a message. A message is represented the same way 
as in MSC except the message name is now followed by two 
parameters. The first parameter specifies the time for the 
sending activity and the second defines the time for the 
receiving activity. For example, message m1 in Fig. 3 has two 
parameters: r3 and r4.  r3 specifies the rate of an exponentially 
distributed random variable that gives the amount of time 
needed to send the message. r4 assigns the rate to the message 
receiving activity. The textural representation of messages is 
defined by adding a new keyword withrate as shown in Fig. 3. 
Also, note a new keyword smsc is defined to distinguish SMSC 
from MSC and is used in both the graphical and textural 
representations. Local activities are assigned random time in the 
same way as messages using one parameter.  

3.2 Time Concepts in MSC and SMSC 
The MSC language does have time concepts to represent time 
passage between two events [31]. But the time concepts in MSC 
are limited to meet the goal of requirement specification. Time 
is introduced as a special event that can be inserted between two 
consecutive events to represent the time elapse. All other MSC 
events are still instantaneous. The time event represents 
deterministic time rather than random (or non-deterministic 
stochastic) time. 

The time concepts in SMSC are quite different. SMSC 
activities are inherently associated with time information. There 
is no special time event defined in SMSC. An SMSC activity 
can mimic an MSC event if the associated time is zero. In such 
case, the SMSC activity is also instantaneous. The most 
important property of SMSC is that the time associated to the 
activity can be random time. In most cases, random time is 
required to describe a real system behavior. The goal of 
defining the SMSC language is to use SMSC for performance 
modeling as well as requirements specification. 
3.3 Comparing MSC with SMSC 
The SMSC language is different from the MSC because SMSC 
activities are allowed to be non-instantaneous. Therefore, 
SMSC models provide more information about a system than 
the MSC model. However, both of the languages have many 
similarities. 

3.3.1 Constructs: All constructs (instances, messages, local 
actions, conditions, etc.) defined on MSC are used by SMSC. 
The graphical representation of a SMSC looks the same as an 
MSC except for the additional parameters needed to specify 
time. As for the textual representation, all the keywords defined 
in MSC are still valid in SMSC. Although new keywords are 
defined for SMSC, the method and grammar for describing 
SMSC remains the same. 

SMSC and MSC have the same composition operators all of 
which maintain the same semantics. High-level SMSC 
(HSMSC) is defined in the same way as HMSC. HSMSC 
organizes SMSC references using the same nodes defined on 
HMSC and the organizational interpretation is also the same.  

Most new keywords deal with time specification except for 
the keyword smsc, which simply replaces the keyword msc. For 
example, if an activity is associated with exponentially 
distributed random time, the keyword withrate is used in the 
description and is followed by a parameter that specifies the 
rate. Defining the corresponding keywords and providing the 
required parameters would enable the specification of other 
distributions. 

3.3.2 Ordering Rules: MSC has ordering rules different 
from the new ordering rules for SMSC, which impose a partial 
order (PO) on its activities. This PO is the same as that imposed 
by an MSC but the rules needed to change to ensure a PO is 
maintained. If all activities are associated with zero delay, then 
the SMSC model is an MSC model. 

There are two assumptions made in MSC for precisely 
ordering events. The assumption of instantaneous events is 
obvious (i.e., they take no time). If events can last for a period 
of time, it would be quite possible that another event(s) start 
before the already started event finishes. In this case, what is the 
order of these two events? The assumption that no two events 
can be executed at the same time requires that any two events 
have a specific order. An event either happens before or after 
the other. Consequently, the execution of events forms a trace 
that describes system behavior. In SMSC, we relax the first 
assumption (i.e., events may not be instantaneous). As a result, 
the second assumption does not hold and is also relaxed. 
Activities in SMSC can start or finish at the same time. 
Moreover, this relaxation of the second assumption is more 
realistic. But if we decompose an activity into two events, one 
for the starting of the activity and the other for it's ending, then 
we will find a new way to order activities. The order of 
activities can be defined as either the order of starting events or 
that of the ending events. By this definition, the activity 
ordering may not be unique for an execution trace of such 
activities. 

Since instances are independent in SMSC, activities are 
executed concurrently. Even if the starting times are different, 
two activities may finish at the same time because the execution 
time is a random variable. Therefore, it is possible that two 
events happen at the same time. If two events happen at the 
same time, they must be treated as if they can be in any order. 
We will show later that these ambiguities in ordering activity 
events will not prevent us from defining the partial order as the 
same defined for MSC. There are five rules for the ordering of 
activities and activity events: 

1) The event of starting an activity must happen before the 
event of finishing the same activity.  

2) Activities attached to an instance are executed 

Fig. 3 An SMSC example. 



sequentially in the same order as they are given on the 
vertical axis from top to bottom. An activity can only 
start after the previous one has finished. 

3) The activity of sending a message must finish before the 
activity of receiving the same message can begin. 

4) Activities in a coregion can happen in any order, but 
their execution must abide by rule 1. 

5) If general orderings are used, they are treated as 
messages in terms of ordering these activities. In other 
words, the activity pointed to by a general ordering 
symbol can only start after the activity from which the 
general ordering originates has finished. 

The first rule describes how to order the two events (start and 
finish) in an activity. Obviously, the starting event should 
always happen before the ending event. The second rule covers 
the ordering of activity events associated with the same 
instance. If each activity is treated as two consecutive events, 
the ordering of these events is the same as that defined for 
MSC.  

The third rule is for ordering events in a message. The order 
of activities of different instances can be derived from this rule. 
A message includes two activities, and hence four events: the 
event of starting to send the message (SS), the event of starting 
to receive the message (SR), the event of finishing the sending 
of the message (FS), and the event of finishing the receiving of 
the message (FR). The precise restriction for their order is that 
SS must happen before SR, while FR must happen after FS. In 
other words, a message must be sent before it can be received, 
and the sending of the message must have finished before the 
receiving of it can finish. However, we define a stricter rule: the 
sending of a message must have finished before the receiving of 
it can start. This rule is to prevent a message from being 
completely received before the end of sending the message has 
not occurred. If we allow the activity that receives a message to 
start before the completion of the activity that sends the 
message, we cannot guarantee that the end of receiving the 
message occurs after the completion of sending the message 
because both activities are associated with random time.  

Why must the activity of sending a message finish before the 
activity of receiving the same message can begin? 

• If the receiving activity can start before the message has 
been sent, then it is possible the receiving activity finishes 
before the sending activity finishes since the receiving 
activity takes random time to complete. We cannot 
guarantee it finishes after the sending activity has 
finished. 

• This restriction also comes from implementation in 
Möbius. SMSC activities are represented by Möbius 
actions. Whether an action is enabled depends on the 
current system state. And the system state can change 
only after the completion of an action. When sending a 
message in SMSC, the sending activity can only cause 
system state to change after it completes. Before the 
completion of the sending activity, the system has not 
evolved to the new state in which the receiving activity 
can be enabled.  

The fourth and fifth rules are defined for ordering events in a 
coregion or for being controlled by general orderings. The 
interpretation is straightforward. Under these rules (i.e., using 

either the order of starting or of ending events as the order of 
activities), the order imposed by an SMSC is sure to comply 
with the partial order imposed by the corresponding MSC if 
timing information is removed. Therefore, an SMSC imposes 
the same partial order on its activities as an MSC does on its 
events. This result is mainly due to the strict ordering rules 
defined for messages and general orderings in SMSC. Although 
we may have two different orderings for activities’ starting 
events and ending events, both of the orderings will comply 
with the partial order imposed by the corresponding MSC. Any 
two activities that can be ordered differently must correspond to 
the events that have undefined order in the corresponding MSC.  

3.3.3 Traces vs. Processes: An MSC specifies a set of valid 
traces that the system can take. If we define the sequence of 
activities as a trace, an SMSC specifies a set of valid traces the 
same as an MSC. In addition, an SMSC also specifies a 
stochastic process. The main difference between the MSC and 
SMSC languages is that SMSC defines a stochastic process 
while MSC does not. SMSC can describe the stochastic 
behavior of a system. The stochastic process enables users to do 
performance analysis about the system.  

If all activities are associated with exponentially distributed 
time, the stochastic process defined by the SMSC is a Markov 
process. Many existing tools can be used to analyze such 
processes. If other distribution type is specified, discrete event 
simulator can be used to solve for certain performance 
measures. 

4. INTEGRATING SMSC INTO THE MÖBIUS 

FRAMEWORK 

The SMSC language is capable of performance modeling. Since 
the Möbius tool supports multi-formalism modeling, integrating 
SMSC into Möbius not only provides a tool for solving SMSC 
models, but also enables SMSC model to interact with models 
from other formalisms made available by Möbius.  

Möbius requires that any formalism in Möbius implement the 
AFI and describes its model based on the basic Möbius entities. 
To build the SMSC formalism into the Möbius tool would 
require that SMSCs be decomposed into a set of state variables 
and a set of actions.   

4.1 Identifying State Variables in SMSCs  
The state of an SMSC is defined by the state of its components. 
The following SMSC components contain the state information: 
instances, conditions and data.  

Instance state: The state of an instance reflects which 
activity has been executed. Since an instance imposes a 
sequential execution order on its activities, it is important to 
keep the information about the execution of activities to ensure 
their sequential order.  

Conditions: In the MSC language conditions represent 
system state. Therefore, conditions are good candidates for state 
variables. Depending on how many states a condition 
represents, the type of the state variable for a condition can be 
either Boolean, integer, or double. 

Data: SMSC can perform operations on data just as MSC 
does. Data defined on SMSC are also state variables because the 
change of the data value represents a state change in the model. 

Möbius uses the concept of state sharing to join models from 
the same or different formalisms. If a state variable is shared 



with other models then they can also change the value of the 
state variable. The change of value represents the state change. 
Therefore, the behavior of the model is affected by the behavior 
of other models.  

Not all the state variables defined are shareable. For example, 
if the state variable defined for an instance is shared with other 
models, the increase of the state variable’s value by other 
models may cause some actions to be considered completed 
even though they have not yet been executed. This is referred to 
as state jump. Whether the state jumps ahead or back, the 
sequential execution order will be disturbed. Therefore, state 
variables from instances are not shareable. Conditions and data 
will not affect the sequential order and hence these state 
variables are shareable. 

4.2 Identifying Actions in SMSCs 
By definition in the Möbius, actions are the only entities that 
can change the system state by changing the values of state 
variables. Thus, any components in SMSC that can change the 
value of state variables will give us actions. These components 
include local activities, message activities, and setting 
conditions.  

Local Activities: Local activities can perform data 
operations and the completion of an activity must also 
increment the state variable that represents the instance to which 
the activity is attached. Thus, local activities are Möbius 
actions. If data operations are defined on the local activity, the 
execution of this local activity must also change the state 
variable representing the data. The execution time distribution 
for the action coming from a local activity takes the same 
distribution function as that of the local activity.  

Message Activities: A message consists of two activities. 
The sending activity is performed by the instance that sends the 
message, and the activity, which receives that same message, 
performs the receiving activity. Data operations are also defined 
for message exchange. When the activity of sending the 
message completes, it must adjust the state variable to reflect 
the fact that the message has been sent. Likewise, the 
completion of receiving a message changes the state of the 
instance that receives the message. Therefore, a message can be 
represented by two Möbius actions. 

Setting Conditions: Conditions have two forms: setting 
conditions and guarding conditions. Setting conditions puts the 
system in a particular state. Guarding conditions control the 
system behavior by restricting the execution of certain 
activities. The setting conditions are Möbius actions since they 
change the system state. 

4.3 Solving SMSC Models 
Once the SMSC models are described using classes derived 
from the Möbius base classes, we can then solve the models 
using Möbius built-in solvers to extract estimates or predictions 
(e.g., reliability, availability, throughput, responsiveness, or 
other stochastic parameter). 

Möbius provides two classes of solvers, analytic solvers and 
simulators. Analytic solvers are only applicable to models that 
specify a Markov or semi-Markov process with finite state 
space size. A semi-Markov process results from a model in 
which at most one activity is associated with determinate time 
and all other activities are associated with exponentially 
distributed time. Möbius simulators can be applied to any model 
for performance measures. 

5. EXAMPLE: MODELING A COMMUNICATION 

SYSTEM 

We consider a simple system with two computers connected via 
cable. The processes running on one computer send files to 
those running on another. The communication protocol used by 
the data link layer is the stop and wait protocol [32]. The 
sending and receiving processes are modeled as Stochastic 
Activity Networks (SANs)[27]. The stop and wait protocol is 
modeled using SMSCs. 

5.1 Model the Stop and Wait Protocol 
The stop and wait protocol is the simplest communication 
protocol that can coordinate the communication between two 
entities that run at different speeds and have limited buffer 
space. The sender sends out a data block and then waits for the 
receiver to acknowledge the receipt of the data. Until obtaining 
the receivers’ acknowledgement, the sender cannot start sending 
the next block. This prevents a fast sender from flooding a slow 
receiver with limited receiving buffers. 

If the stop and wait protocol is used on an unreliable channel 
(i.e., data in transmission may be damaged due to errors that 
occur in the channel), then a retransmission technique must be 
used. The sender starts a timer after transmitting a data block.  If 
the timer goes off before it receives the acknowledgement, the 
data is considered lost and the sender retransmits the same data 
block. Upon receiving a data block, the receiver first checks if 
the data is correct, and if correct, a positive acknowledgement is 
sent back. Otherwise, a negative acknowledgement is sent back. 
The receiver may receive duplicated data if the 
acknowledgement is lost. In our example system, we assume an 
unreliable channel is used. To model the stop and wait protocol, 
we need four SMSCs. Each describes a scenario for their 
behavior using this protocol (see Fig. 4). 

Fig. 4 The 4 scenarios of the Stop and Wait protocol. 
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Fig. 5 provides an additional SMSC, GetFrame, to specify 
how the sender acquires data from the sending buffer. This 
SMSC serves as the protocol starting point. The full behavior of 
this protocol is described by combining these five SMSCs. Fig. 
6 shows the composition methods. The GetFrame SMSC 
describes the behavior of the sender when it fetches a data 
frame from the sending buffer. After a data frame is acquired, 
the execution proceeds into one of four alternative scenarios. 
The SMSC done represents the success of data exchange. If 
done is chosen and has finished, the execution goes back to 
GetFrame. The SMSCs done and GetFrame form a loop. If 
done is not selected as the follower of GetFrame within this 
execution, the execution has to loop among the four scenarios 
indefinitely until the SMSC done is selected.  

 

5.2 System Model 
The data sending and receiving processes are modeled as SANs 
because they are available in the Möbius tool and are suitable 
for modeling such processes. 

The heterogeneous model can be constructed using the 
Möbius Join and Replicate mechanism as shown in Fig. 7. In 
Fig. 7, the sender and receiver refer to the SAN models of the 
sender and receiver. The word protocol refers to the SMSC 
model for the stop and wait protocol.  

Before the models can be joined, the shared state variables 
must be defined. The Möbius join construct uses the shared 
state variable to merge different models together (from either 
the same or different formalism(s)). In our example, rbuf and 

sbuf are shared state variables. In the SAN model, places rbuf 
and sbuf are translated into state variables for the Möbius 
representation. The global data rbuf and sbuf in the SMSC are 
also translated into state variables. These state variables are 
shareable. In fact, they represent the same system components 
in different models. 

5.3 Experimental Result 
To show that Möbius can solve an SMSC model, we defined 
one reward variable to measure the time that the system spends 
handling error data. Whenever an error occurs in the channel, 
the sender must retransmit the lost or distorted data frame. The 
sender may delay for a period of time before it starts to 
retransmit the data frame if either the data frame or the 
acknowledgement frame is lost. This period of time is 
considered the error processing time. We are interested in how 
the channel error probability and the delay time impact the error 
processing time. The result of this analysis is shown in Fig. 8. 

Examining Fig. 8, we see that the percentage of time 
processing errors is roughly proportional to the channel error 
probability. A higher error probability causes more time spent 
processing error messages. Error processing time is also 
affected by delay time. Longer delay times imply that the sender 
would have to wait for a longer time to retransmit data. A 
longer delay time results in a higher percentage of time that the 
system spends processes errors (note that rate is defined as the 
inverse of time and higher rate means shorter delay time), i.e., 
wasted bandwidth. 

6. CONCLUSION AND FUTURE WORK 

The Message Sequence Chart formalism and the Möbius multi-
formalism modeling framework were studied. Based on the 
MSC formalism, we defined a new formalism – Stochastic 
Message Sequence Chart, an extension to the MSC formalism. 
SMSC can be used to describe system behavior in the same way 
as the MSC language. Furthermore, SMSC models contain more 
information about the system than the corresponding MSC 
models. By associating each activity with a stochastic execution 
time, the SMSC models specify an underlying stochastic 
process. System performance measures that cannot be derived 
from MSC models can be studied using the newly defined / 
validated SMSC language. 

To integrate SMSC into Möbius, we defined the SMSC state 
variables and SMSC activities, which correspond to the Möbius 
state variables and actions, respectively. The C++ classes were 
implemented used to specify SMSC models. The vertical and 
alternative model composition methods specified in the SMSC 
formalism can be realized using the C++ classes, namely, 
vertical composition and alternative composition. Loop is a 
special vertical composition and is also realized within the 
Möbius framework. 

Fig. 6 The model of the Stop and Wait protocol.  

Fig. 5 The GetFrame SMSC. 

Fig. 7 The composed system model. 
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[1] 

[2] 

[3] 

[4] 
he next step in this work would be to implement the UI 
er interface, a SMSC graphical editor) within the Möbius 

ework. The UI should be implemented in Java to make it 
tform neutral and will enable users to specify SMSC models 
hin the Möbius framework. Eventually, the graphical or 
ural SMSC models are complied and linked with the Möbius 
aries to generate an executable model and the model is either 
ulated or solved analytically.  

ome constructs of the SMSC language, including inline 
ressions and horizontal compositions, have not been defined 
hin the Möbius framework. Those constructs merely provide 
rtcuts when specifying the system behavior and do not 
tribute to the fundamental translations we have defined. 
wever, they should be expressed using the defined SMSC 
ses and further research will reveal how this can be 
omplished. Another area of future work is to define the 
on-sharing method for SMSC. Instead of sharing only state 
iables, an SMSC model may be composed with other models 
also sharing activities/actions.  
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