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This paper presents a graphical representation for the Formal Description 
Technique Estelle, which has up until now been restricted to a textual syntax 
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similar Specification and Description Language (SDL). 

In addition, we present a syntax-directed editor based on the graphical syn
tax. The editor enables practical application of the graphical technique, by 
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input into existing Estelle tools. The reverse function makes it possible to view 
and navigate existing textual Estelle specifications more effectively. 
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1.1 INTRODUCTION 

Estelle is a well-defined Formal Description Technique (FDT) used for defin
ing and analyzing concurrent, communicating systems. It shares this function 
with a number of other techniques, including the Specification and Description 
Language [ITU89], LOTOS [BB87] and Petri-nets [Pet62]. 

Estelle was specifically developed by the International Standards Organisa
tion (ISO) for the purpose of describing the protocols and services of the Open 
Systems Intercommunication Model [IS094]. It is also an implementation
oriented language based on Pascal [IS083] which can be used as a basis for 
reliable protocol and service implementation. Estelle is standardized by the 
ISO and the latest standard ([IS097]) was produced last year. 

Estelle is however considered to be lagging behind other Formal Description 
Techniques such as the SDL, due to its lack of a standard graphical representa
tion. SDL which is very similar to Estelle experiences much greater popularity, 
and one reason for this is considered to be the existence of a standard graphical 
notation and support tools for SDL. 

A graphical technique is usually preferable to a textual one due to its intuitive 
and pictorial nature. A graphical representation is able to better structure 
conceptual ideas than pure text, and is closer to the abstract meaning of that 
which is being described. 

In fact, graphical techniques have been in use since long before the develop
ment of early digital computers, whose limitations of graphical hardware and 
software forced the development of textual techniques. Modern graphical inter
faces have removed this limitation, and graphical techniques have once again 
become popular. 

A graphical technique can be used in two ways in the context of concurrent, 
communicating systems: 

• to statically define the unique structure specifying the functional be
haviour of a system, or to 

• dynamically describe (as opposed to "define") the non-deterministic be
haviour of the system. 

Techniques which fall into the first class have a formal syntax and semantics, 
and can be used for formally defining systems. This is not true of methods in 
the second class, which can only describe behaviour instances of a system, i.e. 
the results of a static definition. 

In this paper we introduce a standard, definitive graphical technique for 
Estelle which is currently being developed. We refer to this notation as the Es
telle/GR (graphical representation), as opposed to the Estelle/PR (phrasal 
representation as defined in the ISO Estelle standard. The Estelle/GR has 
a formally-defined syntax and semantics, and is compliant with the ISO Es
telle/PR definition. 

In addition, the second part of this paper presents a prototype editor based 
on the Estelle/GR. 
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The editor makes use of the features of modern graphical interfaces, such 
as multiple, linked windows and virtual scrolling canvases to provide powerful 
manipulation of large graphical documents. 

The editor combines the utility of the graphical technique with the power 
of existing Estelle/PR software tools, by providing translation of the graphical 
document into equivalent Estelle/PR text. The reverse function furthermore 
allows the graphical technique to be applied to existing Estelle/PR specification 
documents. 

1.1.1 Existing Estelle visualisations 

Only two tools exist which attempt to implement graphical techniques for Es
telle. Neither of these tools attempts to produce a standardized notation, and 
neither provides the ability to graphically define a general Estelle specification. 

P. Amer et al present GROPE in [NP93, NP90j. GROPE simulates the 
execution of a general Estelle specification graphically. It which uses a descrip
tive notation to present the dynamic state of an Estelle system and animates 
changes in this state. It visualizes the structure of the specification using the 
common SDL-like nested box notation, and describes each internal module be
havior separately in the form of a simple finite state automaton. We re-use 
some of the abstraction concepts of the GROPE automaton description in the 
Estelle editor. GROPE is not publicly available. 

ASA+ is maintained by Verilog, and is an editor for a non-standard varia
tion of Estelle called LSA+. It uses a partially graphical notation which defines 
the internal structure of an individual module using a nested box notation, and 
specifies hierarchical module relationships in a tree form, but specifies internal 
module behavior using a modified Estelle/PR syntax. The usefulness of ASA+ 
is limited by the its non-standard extensions and restrictions, and it is not 
widely used. 

1.1.2 Paper outline 

Section 1.2 of this paper is a brief introduction to the Estelle model, which 
provides a starting point for describing graphical representation and structure 
of the editor. Sections 1.3, 1.4 and 1.5 introduce the main points Estelle/GR 
syntax using the Trivial File Transfer Protocol to provide examples. Section 
1.6 discusses the main functions of the prototype editor, and includes some 
screenshots showing it in use. Section 1.7 concludes. 

Space considerations unfortunately prevent the formal definition of the full 
Estelle/GR syntax and semantics. Interested readers however are welcome to 
contact the primary author for further information. 
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1.2 THE ESTELLE MODEL 

An Estelle specification describes a hierarchically structured system of non
deterministic sequential components exchanging messages through bidirectional 
links between their ports. 

Each component is an instance of a generic module definition. A generic 
module statically defines a header and several associated body parts and an 
instance is dynamically created from a given header-body pair of a generic 
module definition. 

The header part defines the external communication interfaces of the module 
and specifies the parallel or sequential non-deterministic execution of its child 
modules; the body part defines its internal behaviour and recursively defines 
generic children modules. 

Estelle uses an extended finite state machine (EFSM) paradigm to describe 
module behaviour. Each module body defines an EFSM which receives inputs 
and sends outputs via the communication interfaces of the header. Each tran
sition has a set of conditions which must be satisfied before the transition may 
fire, and a set of actions which are executed atomically on firing. 

An Estelle system has a dynamic structure which sets it apart from other 
FDTs such as SDL, which have a static structure. An instance can dynami
cally create and terminate or release children instances and change their inter
communication structure. As an instance can be instantiated with alternative 
bodies, it is possible to change the entire sub-hierarchy of instances. 

The global behaviour of the system is characterized by the interaction of 
the executing modules, subject to the concurrency imposed on sibling modules 
by their parent module, and a priority principle that grants parent instances 
execution priority over its children. 

1.3 THE ESTELLE/GR 

The Estelle/GR separates the definition of system structure and behavior, as 
these two parts are syntactically unrelated. Three notations are used, including 
two alternative representations for a system structure: 

1. A structure tree diagram defines a static generic module hierarchy 
in a tree structure. It can define the dynamic structure of any general 
Estelle system. 

2. An instance block diagram defines the initial instance hierarchy and 
communication structure of an Estelle system which has a statically
determinable initial state. It is used to define Estelle systems limited a 
static structure, and uses a nested box notation similar to that of ASA+ 
and SDL. 

3. A transition tree defines a transition in the internal EFSM of a module 
body (or instance) of the specification structure. A series of transition 
trees defines a forest, which defines the full EFSM. The transition tree is 
represented using an SDL-like flow diagram notation. 
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The editor introduces a further informal simplified automaton notation 
which describes the internal behavior of a module in a simpler automaton form. 

A complete complete Estelle/GR specification consists of a single structure 
tree or instance block diagram, and a transition tree forest defining the 
internal behaviour of each module body or instance occurring in the structure 
diagram. 

In the following sections we define each of these syntaxes using the Trivial 
File Transfer Protocol to provide illustrative examples. The relative merits of 
the two structure notations are also discussed. We briefly introduce the TFTP 
protocol used before continuing. 

1.3.1 The Trivial File Transfer Protocol 

The Trivial File Transfer Protocol (TFTP) is a simple protocol for reading 
and writing files across a network. It is defined in [Chi94]. Here we define 
a version of the TFTP in which the Reader and Writer are implemented as 
separate 'request handlers' within Initiator and Responder objects, and which 
are created when the User generates either a read (READ_RQST) or write 
(WRITE..RQST) request, and destroyed immediately on completion. We only 
describe and use examples of Writer behavior in this paper. 

A User acts as both the Client and a Server. The Client sends requests to 
the Initiator object, and the Server responds to requests from the Responder 
object. All network communication takes place between the Initiator and Re
sponder. Our implementation assumes an error-free network link, and connects 
the Initiator directly to the Responder. 

The Client initiates a connection by sending a write request (WRITE_RQST) 
to the Initiator. If the Initiator is not busy with an existing transfer, it creates 
a Write Handler, and establishes a link between it and the Responder. The 
Write handler then forwards the write request to the Responder, which if it is 
not busy and the Server grants permission, creates a Write Handler to process 
the request. 

The Initiator and Responder Handlers communicate directly to exchange 
data. Synchronized acknowledgment and timeouts are ensure data integrity. 
The Initiator handler sends DATA packets, which the Responder handler ac
knowledges with ACK (acknowledgment) packets. Any errors result in discon
nection and the sending of an ERROR packet. 

On successful completion of the transfer, or receipt of an error packet, the 
handlers alert their parent Initiator or Responder objects, which destroy the 
connections and handlers. The Initiator also receives a result code from the 
Handler, which it returns to the User in a RESPONSE packet. 

1.4 STRUCTURAL REPRESENTATIONS 

The idea of representing a structured system of communicating components 
as a set of of nested boxes connected by vectors representing communication 
links is a familiar and useful one. Unfortunately, this notation assumes a static 
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system structure, thus it cannot be used to define a structural dynamic system, 
such as a general ISO Estelle system. 

In order to define a structurally dynamic system, we introduce a notation 
which we call the structure tree. This notation is not as informative as the 
nested box notation as it cannot make any assumptions about the dynamic 
instance and communication structure. However, as it is based on generic 
module definition, can fully define all structural aspects of an Estelle system. 

Which notation should be used depends on whether the system structure is 
dynamic or static. The nested box notation is more expressive than a structure 
tree, therefore it is recommended where the system is structurally static. At 
its most general, it can also usefully describe the initial structure of a dynamic 
system where this initial structure is statically determinable. 

1.4.1 Nested boxes notation 

-------------------------------------------------------------------------------------, 
, TFfP (timescale seconds; default individual queue;) 

User 

CLIENT <user> SERVER <provider> 

user_access_point usecaccess_point 

U <provider> U <user> 

Initiator Responder 

N <initiatOr> N <responder> 

network_access_point 

channel network_access_point(initiator.responder); 
by initiator: 

RRQ;WRQ; 
by initiator.responder: 

ACK(ackBlockNum:integer); 
DATA(dataBlockNum:integer); 
ERROR(errot{:ode:integer); 

channel user_access_point(uscr.provider); 
by user: 
READ_RQST; WRITE_RQST; 

by provider: 
RESPONSE(retumCode:integer); 

, 
______________________________ ._. _____________________ ------------------------ ______ 1 

Figure 1.1 The TFTP nested box diagram (showing the initial structure of the dynamic 

system) 

The nested box notation defines system instances which effectively have single, 
statically-determined module header and body parts. For this reason, it cannot 
define a dynamic system where headers have multiple associated bodies. 

The nested box notation thus defines not only the system structure, but also 
the module body initialization parts required to initialize that structure. 

Figure 1.1 shows the nested box representation of the TFTP structure. The 
nested box can describe the initial structure of this system, as it is statically
determinable. However, it is not definitive, as the full definition of the structure 
tree in Figure 1.3 reveals the definition of descendent modules for both the 
Initiator and Responder modules. 
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In Figure 1.1, each box defines a module instance and the graphical inclusion 
of one box within another indicates hierarchical substructuring. A box's shape 
is used to define the mode of concurrency between the included child instances. 
The diagram shows three systemactivity modules executing asynchronously 
in parallel, as their parent instance (the specification) is unattributed. The 
Estelle/GR uses the box shapes shown in Figure 1.2 to define concurrency 
between children instances. 

O process 
Child modules execute synchronously in parallel 

D activity 
Child modules execute non-deterministically 

r------1 

I I unattributed 
: : Child modules execute asynchronously in parallel 
1 ______ .. 

A double outline is used to 
specify a systemprocess 
or systernactivity. 

Figure 1.2 Specifying concurrency between children modules in the Estelle/GR 

Child instance boxes should not be confused with channel declaration boxes, 

shown as a rectangle with a 'folded' corner (U), These define channels for 

the containing instance. 

Communication links. A major feature of the nested box notation is the 
inclusion of communication link information. Channels and interaction point 
definitions are semantically grouped by a vector terminating at two "dots". The 
extracted link attached between the User and Responder modules in Figure 
1.1 has the following characteristics: 

CLIENT 

• <user> 

u 
• 

<provider> 

The solid '.' defines an interaction point with an individual queue (a 

common queue is shown by a '0'). The vector label defines the channel 
shared by the interaction points, and the identifier in angled brackets defines 
the role of each interaction point. From these labels it is possible to look up 
what interactions each interaction point may send in the channel declaration. 
For instance, interaction point CLIENT may send interactions READ...RQST and 
WRITE...RQST. 

1.4.2 Structure tree notation 

A structure tree is a tree of generic modules. A generic module is itself visual
ized as a two level tree with the module header as root and associated bodies as 
children. The separation of module headers and bodies makes it possible specify 
multiple instance sub-hierarchies which the nested box notation cannot. 
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The tree is started using a special specification node and built downwards 
by adding generic modules as children of the module body in which they would 
be textually defined. As an example, the TFTP structure tree is illustrated in 
Figure 1.3. 

Generic module representation. A generic module is graphically defined 
as follows: 

Header 

The header definition part is named Header, and has bodies Body #1, Body #2, 
... , Body #n associated to it. A module instance can be created from the pairing 
of Header with any of the bodies during execution. 

A module body is always represented by a rounded rectangle, but a mod
ule header may be any of the nested box shapes listed in Figure 1.2, which 
determine the mode of concurrency between child modules. 

Communication links. The structure tree cannot represent communication 
links as it defines a structurally dynamic Estelle system, in which communica
tion links are only created during execution 

The structure tree is limited to defining the static communication inter
faces of module headers. These consist of interaction points, exported 
variables and parameters, and are shown as textual annotations of a module 
header node. 

This can be awkward in even a simple protocol such as TFTP, as is obvious 
in Figure 1.3. This is one reason the module instance diagram is recommended 
to be used whenever possible. 

1.5 BEHAVIORAL REPRESENTATION 

The Estelle/GR uses a flow diagram notation to define individual transitions 
in the extended finite state machine making up the internal behavior of a mod
ule instance. This notation has been widely popularised by SDL, is easy to 
understand, and describes all details of a transition definition. 

A flow diagram defining a transition in the Estelle/GR is called a transition 
tree, and the set of transition trees making up an EFSM definition is called a 
forest. Figure 1.4 shows a small forest of transition trees. 

The basic structure of a transition tree is shown in Figure 1.5. The origin 
and destination states, the conditions necessary to fire the transition and the 



46 

/'-.. 

i 
I I- r--2 z 
i! 

0 

" ! z .. " I .. , 
1\ 

i ci 
gj 

'----' z 
Ii' 

:! '" ii!, 
0 

" ! c...=..... 

;' '-.../ 

/'-.. 

I E .0 
0 :! z .. 
I a 

1\ 
" ffi 

0 

i 
z 
Ii' 
'" w 

! 
'-.../ 

to 
r 

" 
0 

" 0 E .. , :! 
I-

1 -: 

Figure 1.4 A subset of the forest of transition trees which define the Writer Handler of 
the Initiator (Figure 1.12 shows the simplified automaton of this forest) 

actions taken on firing are explicitly shown as individual symbols in a flow 
diagram. The different parts of a transition tree are described below. 

1.5.1 FROM and TO symbols 

The FROM and TO symbols may be included as condition clauses in the con
dition part of the transition definition to allow nesting on common origin and 
destination states (see the section on nested transitions below). All the tran-



WHEN 

PROVIDED 

PRIORITY 

D DELAY 

transition name 

local 
declarations 

1 From (origin) state 
Specifies the set of control states 
that the transition may fire from. 

Condition part 
The condition part defines a set of 
optional clauses, all of which must 
be fulfilled to enable the transition. 

Action part 
The action part defines an action 
executed by the transition. It may 
be named and contain local 
declarations. 

1 
To (destination) state 
Specifies the control state entered after 
the transition has fired. 

Figure 1.5 The structure of an Estelle/GR transition tree 
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sit ion examples in this section define the TO state as part of the condition 
part. 

l.5.2 Condition part 

The condition part is made up of optional condition symbols (listed in Fig
ure 1.6) each of which defines a condition which must be satisfied before the 
transition may fire. 

These conditions may occur in any order, but only once each. By treating 
the FROM symbol as a condition, it is possible to start the transition with any of 
the conditions listed in Figure 1.6. Combined with branched transition trees, 
this allows a number of transitions which respond to a common event to be 
semantically defined together (see the section on nested transitions below). 
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O-'PfOm Q To 

LJ When D Delay 

< > 
Provided 6 Priority 

Figure 1.6 Estelle/GR condition symbols 

1.5.3 Action part 

The action part is separated from the condition part by a solid box, which also 
indicates that the enclosed actions are atomically executed. Transition naming 
is handled by the labeling ofthis box. The action part also has a scope in which 
declarations can be made. This is done textually within a graphical declaration 

symbol (u)' which is included in the action part box. 

Unlike the condition part symbols, action symbols (listed in Figure 1.7), 
may be repeated. In the Estelle / G R we only define action symbols for Estelle
specific extensions to Pascal, and native Pascal statements are included in the 

graphical text symbol, D. There are two exceptions to this rule: 

• The Estelle exist-one expression has no graphical representation, as it 
is used as an operand in boolean expressions; 

• A Pascal procedure call is shown explicitly, due to its value in abstract
ing detail. 

D Procedure call I ATIACH I Attach I TERMINATE I Tenninate D Text box 

D Initialise I DETACH I Detach I DIOCONNOCT I Disconnect 

0 Output B Connect I RFLEASE I Release 

Figure 1.7 Estelle/GR action symbols 



<bloCkNum == 0) 

permission_refused 

I 
(' set completed TRUE; 

set result ') 

(' set completed TRUE; 

set result 0) 
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Figure 1.8 A transition nested on a WHEN condition, showing the specification of error 
recovery in the Writer handler of the Initiator module of the TFTP. The enboldened 
FROM state indicates that the transition may fire from more than one state in the EFSM 

1.5.4 Nested transition trees 

The term transition tree is used as an Estelle transition may be split into 
branches within the condition part. A branched transition tree defines a nested 
transition, as informally defined in the Estelle ISO standard. Within a branched 
transition tree, the conditions above a split apply to each branch created by 
the split. 

The advantage of introducing branching into a transition tree is the ability 
to semantically group together transitions which result from a common event. 
For example, in the TFTP, error packets may be received at any time, in any 
state. Rooting a transition tree at a 'WHEN ERROR' condition, and branching 
the transition tree with different actions dependent on the current state, is 
a sensible way of specifying error-recovery behaviour. Figure 1.8 shows error 
recovery in the TFTP Writer Handler ofthe Initiator. The single transition 
defines three error-handling procedures depending on the state the machine is 
in, in a single transition tree definition. This is semantically more meaningful 
than defining three procedures in separate, not obviously related transitions. 

1.5.5 The initialize transition 

The initialize part of a module behaviour part is represented as a transition 

tree starting by a special initialize symbol, ;,,;Halise. The initialize transition 

for the TFTP specification module is shown in Figure 1.9. This initializes the 
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User, Initiator and Responder instances at the system level, and establishes 
the link between the Initiator and Responder. 

Note that this initialization is statically determinable (there is only one 
configuration possible from the initialize transition), which is why the initial 
structure of the TFTP protocol can be described by an instance block dia
gram: the instance block diagram effectively interprets this initialization part 
However, when used to define a system, the instance block diagram implicitly 
defines this initialization part. 

Figure 1.9 Initialize transition for the TFTP specification module 

1.5.6 Special considerations 

Estelle FaRONE and ALL statements are represented as complex statements of 
other Estelle/OR symbols. Figure 1.10 show the templates for these constructs. 

rorooe <DOMAIN> 

I 

< > 
I I r--------- ... , 

: slnlemelll 

: bloc/clo 
I e..teCule 011 

: TRUE 

, po---------, 
: statement 
: blocklo 
I execute 
: otherwise 

, 

L ________ 1 L ________ 1 

(a) 

all <DOMAIN> 

I 
ro---------, ' 
: stalenumt 
: block to 
I loop 
: through , --------_ .. 

(b) 

Figure 1.10 Estelle/GR complex statements: (a)forone and (b)all 
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The ANY macro is represented in a transition tree using a special symbol, 

O. It defines identifiers which are available to all symbols following it in 

the transition tree. 

1.6 THE PROTOTYPE EDITOR 

The prototype editor has two main functions: 

• It is a syntax-directed editor for the definition of a specification using the 
Estelle/GR syntax. 

• It translates a graphical Estelle/GR document into Estelle/PR code. 

These two functions combined enable the editor to turn the Estelle/GR into 
a powerful graphical technique that can make use of existing tools supporting 
the Estelle/PR technique. 

The editor also provides a navigational aid for complex module body defini
tions in the form of a simplified automaton view. 

1.6.1 Editor structure 

The editor provides separate interfaces for the definition of system structure 
and module behaviors. 

Launching the editor opens the structure editor. The structure editor opens 
a single specification at a time, and controls the usual functions of file handling 
and printing, as well as the import and export of Estelle/PR specification 
documents. The structure editor is used to define a specification structure in 
the general structure tree syntax of the Estelle/GR. The instance block notation 
is not supported. 

For each module body of the structure tree defined, a behavior editor can 
be opened in which the behavior of that module body is defined using the 
Estelle/GR transition tree syntax. Multiple behavior windows can be open si
multaneously, making concurrent development of bodies possible, and enabling 
'cut, copy and paste' editing between two bodies. The structure tree in the per
manently open structure editor is a useful navigational aid for moving between 
a number of module body definitions. 

The structure and behavior editors are very similar in presentation, and a 
screenshot of the behavior editor is presented in Figure 1.11. 

1.6.2 Simplified automaton view 

The behavior editor can display a simplified automaton view of its behavior 
definition in a separate window. Figure 1.12 presents the simplified automaton 
view of the set of transition trees defined in Figure 1.4. 

The automaton is simplified as it does not display any transition information, 
and aggregates all transitions between two states into a single macro-transition, 
as defined in the work of GROPE [NP93, NP90j. The simplified EFSM therefore 
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5,,,,,,,,,,,, pII/IlnCllall'" 

ScroIU", 
can .... 

M ....... nCI .. _wlnoow 

Figure 1.11 Screenshot of the behavior editor window. 

consists of all states, but with at most one arc in each direction between each 
state pair, labeled with the names of the individual transitions aggregated on 
that arc. 

The utility of the simplified automaton view is derived from the linking of 
each transition names in this view with its full transition tree definition in the 
behavior editor: When the transition name is selected in the automaton view, 
the transition definition is centered and highlighted in the behavior editor. 

A module behavior definition may stretch over several virtual screens, whereas 
the simplified automaton will usually fit on one. This makes the latter a use
ful navigational aid when defining or exploring a module body behavior. In its 
simplified form it provides an overview of the transition definitions, and by way 
of the dynamic links, functions as an 'index' into the module body definition. 

1.6.3 Ongoing work 

The editor currently cannot import Estelle/PR specification documents. The 
instance block notation for specifying structurally static systems is not sup
ported. These features are under development. 

The editor will ultimately be integrated into the XEdt toolkit, making seam
less use of the graphical technique and its set of Estelle/PR-based tools possible. 



53 

Figure 1.12 The simplified automaton view of the transition tree definitions in Figure 1.4 
(Displayed sideways for easier comparison) 

1.7 CONCLUSION 

The recently completed MIL-STD-188-220A [FAS+97] Estelle specification is 
one of first Estelle descriptions to be included as an official part of a commercial 
formal specification. To encourage further acceptance of the Estelle technique, 
we believe that it is essential to make it accessible to a wider range of non
technical users. We believe that a graphical syntax and support tool is an 
important contribution to this process. 

In the process of developing a graphical representation for Estelle, we found 
that it is more complex than similar techniques like SDL, as it permits a system 
to dynamically change its structure. This structural dynamicity means that 
the common "nested box" structural representation is not expressive enough 
to define an Estelle system, and a less expressive but more general structure 
tree notation had to be introduced. We retain the "nested box" notation in the 
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Estelle/GR though, for use the large subset of Estelle specifications which do 
not have a dynamic structure and for which it is definitive. 

We believe that we have created a graphical syntax which will be immediately 
familiar to existing Estelle users, being built on the knowledge of existing Estelle 
and other FDT notations. 

The functionality of the editor, and integration with existing Estelle/PR 
should also make the graphical technique a powerful and practically useful 
tool. 
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