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CHAPTER 1 - INTRODUCTION

This report describes the implementation of a tool which aids in
the analysis of software requirements specifications. The tool
translates a requirements specification into a Petri net model
[Pet81], which is then interpreted to provide a prototype
simulation of the specification. An analysis of aspects of the
completeness and correctness can be performed by building such a

prototype of the specification.

This chapter introduces the discussion of requirement
specifications, the software life cycle and prototyping, and Petri
net simulation systems. Chapter 2 describes the externally visible
behavior of the implementation, as well as describing what
transformations are applied to achieve this external behavior.
Chapter 3 deals with how the transformations are applied, in terms
of the data structures and algorithms used by the implementation.

Chapter 4 deals with conclusions and extensions.
1.1 Requirements Specifications

Many software developments begin without a clear understanding of
the details necessary to design the software product. Such
projects frequently end up having to be "fixed" after they have
been built, at a much higher cost than that which would have been
incurred had requirements been specified in  advance. This
predicament has been extensively discussed in the literature

[Mye78, Zel78].
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A requirements specification is 2 document which describes what the
software product will do, but not Aow it will do it [Boe76]. While
there have been many proposals [Ros77, Tei77, Hen80, etc.],
concerning the correct nature of requirements specifications. it is
generally agreed that a specification should be the "black box"
description of everything a software engineer needs to know to

produce the software product, and no more.

1.1.1. Entity-Relationship-Attribute Regquirements Specifications

The type of requirements specification which this implementation
will be translating and interpreting is called an Entity-
Relaticnship—Attribuie (ERA) model. The ERA model uses a form
based specification system,r and bears a strong resemblance to the
method used in the specification of the software requirements for

the A-7E aircraft [Hen78].

Components of the software product are specified as '"entities".
Entities may be 'related" to other entities. Entities also have
"attributes" which characterize the component. Some entities
specify such components as the iIaput, output and internal datfa of
the software product. Other entities are used to specify the
Activities and Periodic functions of the software product.
Examples of these classes of entities may be found in Appendix C

(ie: the Schess_board$ and Computer_Move entities, respectively).

-

The syntax for ERA specifications may be found in Appendix A. This
implementation does not utilize all of the information that may be
expressed in a ERA specification accepted by this grammar. Some of
the entities and their relat ‘onships/attributes are ignored by this

implementation, because they are intended for other



implementations. A stricter BNF grammar which describes the input
language which is acceptable to this implementation is given 1in
Appeﬁdix B. The grammar of Appendix A will accept any input which
the grammar of Appendix B will accept, with the exception of

certain upper and lower case lexical conventions.

1.1.2 The Software Life-cycle

A requirements specification is the product of the initial phase of
the software life-cycle. The life-cycle model of socftware
development [Zel78, Boe76] proceeds in a "waterfall” fashion:
regquirements are developed for a software product, a design is
developed from the requirements, and the code is written from the
design. Associated with every phase 1is & product which is a
prerequisite of subsequent phases. In any phase, one can backup to
an earlier phase to rework the product of that earlier phase. The
changes to that earlier phase will then cascade as subsequent

phases are reworked.

It has been maintained that the pure software life-cycle model is
not useful in all instances [McC82]. One view is that requirements
are difficult to specify in advance for some application areas.
Another 1is that flaws in the requirements can be carried through
into the implementation phase, thus necessitating a costly
reworking of the software product. To this end, prototyping has

been suggested as an alternative.

1.1.3 Prototyping
Prototyping involves creating versions of parts of the software
product in order to determine how to build the operational software

product [Boe84]j. A "pure" prototyping effort would forgo much of



the planning, and would spend a much greater proportion of the
development time experimenting with various implementations, many

of which would be thrown away.

There are many advantages to prototyping, including always having
something that works (however inefficiently). Additionally, the
user interface developed in a prototyping approach is wusually
superior to that of a "specified" software product, because users
who are unsure of their needs can experiment with several prototype
versions. Disadvantages also exist with a 'pure" prototyping
effort. Because there is less planning, more time has to be spent
on finding errors which might not have occurred had there been a

precise specification.

Research on prototyping [Bra82] does not exclude software life-
cycle concepts. A number of approaches involve "executing" a
requirements specification. This prototyping of requirements
allows for a determination of the completeness and correctness of a

specification.
1.2 Approaches to Requirements Prototyping

Extensive work has been done in the area of executable requirements
specifications [Zav82, Bra82]. The formulation of a requirements
specification into a language with operational semantics allows the

requirements specification to become a prototype [Smo82].

A requirements specification is termed '"executable" because the
specification becomes a prototype of the system being specified.
The prototype may be interpreted to provide an analysis of the

system, Because ERA requirements specifications are expressed



using a precise syntax, ERA specifications can be "executed".

Requirements prototyping facilitates the development of the
specification, because users can interact with a model of the
software product and can discover deficiencies in the requirements
early in the life-cycle. An additional benefit of requirements
which are in a machine executable form is that products of
subsequent phases may be generated automatically [Kla82]. A
similar situation is seen in the generation of wvalid control

structure code in P1/I from a design specification [Nel83].
1.3 Petri Net Simulation Systems

Petri nets are tools which are used to model systems [Pet81,
Tan81]. Typically, the systems being modeled exhibit concurrency.
Components of such systems interact, and must be synchronized.
Synchronization and other considerations, such as deadlock and

resource starvation, are modeled well by Petri nets.

1.3.1 Petri Net Structures

A Petri net has four parts [Pet81]: a set of places P, a set of
trangjtjons T, an iaput functiom I, and an autput function 0. The
input and ocutput functions relate transitions and places. The
input function I is a mapping from a transition ¢t to a collection
of places I(t), known as the input places of the transition. The
output function O maps a transition £ to a collection of places

0o(t) known as the output places of the transition.

The structure of a Petri net is defined by its places, transitions,
its input function and its output £function. The next section

discusses an equivalent definition of Petri nets which introduces



arcs and tokens.

1.3.2 Petri Net Graphs

A Petri net graph represents a Petri net structure as a bipartite
directed multigraph [Jor76]. It is bipartite because there are two
types of nodes, called "places" and "transitions", with the
pictorial representation shown in Figure 1-1, It is directed
because the arcs point from one type of node to the other type of
node. It is a multigraph because nodes can have many arcs pointing

to them and away from them.

a place: a8 transition:

Figure 1-1. Petri Net Graph Nodes

Places may contain tokens, and the distribution of tokens within
the graph may be altered by "firing" a transition. When all places
connected to a transition by directed ares pointing to that
trﬁnsition contain a token, the transition is "enabled" for firing.
The firing of a transition is an atomic event which removes one
token from the "input places" associated with each "input" arc
pointing to the transition and puts one token into each of the
"output places" associated with every "output" arc pointing away

from the transition.

If there are several enabled transitions in a graph, it is

indeterminate as to which transition will fire first. They may
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Figure 1-2. Petri Net Graph: Two Transitions in Conflict

fire "in parallel”, or if two events share an input place which has
only one token, a2 "conflict” occurs in which one and only one of
the enabled transitions may be fired. Figure 1-2 shows a Petri net
graph which is in conflict. Transitions T1 and T2 are both
enabled, and it is indeterminate as to which transition will fire.
If T!1 fires, a token will be taken from places P1 and P2, and a
token will be put into place P4. Likewise, with the firing of T2,
"a token will be taken from P2 and P3, and a token will be put into

PS.



1.3.3 Petri Net Language
A textual representation of Petri net graphs has been developed
[NelB2]. Every node in the graph has a corresponding statement in

the Petri Net Language (PNL).

TO : INIT oUTPUT TO ( P1, P2, P3 )
Pl : PLACE OUTPUT TO ( T )

T1 : TRANS OUTPUT TO ( P4 )

P2 : PLACE OUTPUT TO ( 1'1, T2 )

T2 : TRANS OUTPUT TO ( PS5 )

P3 : PLACE OUTPUT TO ( T2 )

P4 : PLACE OUTPUT TO ( T3 )

P5 : PLACE OUTPUT TO ( T3 )

T3 : TERM

Figure 1-3. PNL code corresponding to Fig. 1-2

An illustration of the PNL program which represents the Petri net
graph of Figure 1-2 is shown in Figure 1-3. Each line of the
program has the node name, a colon, the node type and a list of

nodes that a token will be directed to.

Certain annotations were added to Petri nets in order to make the
simulation more wuseful [Nel83]. The annotations used by this
implementatior include a specification of conditional flow and an
ability to invoke a procedure as a side effect of 2 transition.
Although this implementation does not use the "inhibitor arcs" of
PNL, it should be noted that a Petri net model that incorporates
inhibitor arcs is equivalent to 2 Turing machine, and thus can
model any process [Pet81]. Another notation which has been added
for this implementation is a "WHEN" construct which conditionally

allows a transition to become firable [Kel76].



1.4 Scope of the Implementation

The UNIX* implementation associated with this report provides for
many of the features discussed above. The two processes in this
implementation are a translator and an interpreter. The translator
compiles an ERA requirements specification into a language which
represents an augmented Petri Net representation of certain
portions of the ERA specification. The interpreter produces a
dynamic analysis ala prototyping based upon the above Petri Net

representation.

* UNIX is a trademark of AT&T Bell Laboratories.



CHAPTER 2 - REQUIREMENTS

The implementation includes two primary processes: the "translator”
and the ‘'interpreter", as shown in Figure 2-1. This chapter
describes the externally visible behavior of these processes, as
well as describing the transformations which are applied to achieve

this external behavior.

Entity Augmented
Relationship Petri Net
Attribute —| Translator Language —| Interpreter
Specification Program
!
" Diagnostics and Simulations of
Static Analysis the Prototype

Figure 2-1. Data Flow Diagram of this Implementation

The translator cnnvefts an Entity-Relationship-Attribute (ERA)
requirements specification into an augmented Petri Net language
(PNL) representation of the specified system. The interpreter
analyzes the PNL intermediate code representation produced by the
translator and provides a prototyping of the system Dbeing

specified.

The next three sections discuss the requirements specifications for
the translator process, the PNL intermediate code which both
processes use, and the interpreter process. Particular attention
is given to the nature of the Requirements Specification used as
input to the translator (with respect to the Petri net which is
formed from the specification), because this directly affects the

formation of the PNL intermediate code used by the interpreter.

- 10 -



2.1 The Translator

The translator scans a file in the ERA format and creates an
internal Petri net representation of the specification. The ERA
file contains entities and modes, which have grammar productions
describing them. These entities and modes are mapped to Petri net
places and transitions, by assigning semantic meanings to the

grammar productions which describe the entities and modes.

The translator creates a file containing statements in PNL. These
statements directly correspond to the internal Petri net
representation. The PNL file is readable by ordinary text editors,
and may be visually examined to discover problem areas in the
requirements specification. The PNL file is used as input for the
interpreter, or any other tool which is designed to accept PNL

[Nel82].

There are two classes of messages which can be produced by the
error handling capability of the translator: fatal "error" messages
and non-fatal '"diagnostic" messages. For instance, if  the
translator encounters syntax errors in the scanning of the ERA
input file, fatal error messages are produced and the translation
process terminates. The translator also issues non-fatal
diagnostic messages during the static analysis phase. During the
static analysis of the requirements specification, conditions such
as deadlock and starvation are detected in the internal Petri net
representation, and a diagnostic message is produced. The messages

are explained in detail in Appendix F.

- 11 =



2.1.1 ERA Input to the Transiator

The ERA file contains a "PROCESS" line, a group of entities, and a
MODE TABLE. The PROCESS line gives a name to the requirements
specification for a specific software product. The entities
specify the data and functions of the software product. The
MODE_TABLE lists the mode transitions, which correspond to global

state information of the software product.

In the discussions which follow, examples of the ERA format will be
taken from the specification of the chess process in Appendix C.
The BNF grammar describing the ERA input language may be found in

Appendix B.

The ERA structures of primary interest are the entities and modes.
The entities are subdivided into two classes. The first class of
entities specifies the data and the second class of entities

specifies the functions. Modes are disjoint sets of system states.

There are three major grammar productions which correspond to the
primary ERA structures of interest. They are the <i_o_data>,
<function> and <mode_table> productions. These productions
correspond to the two classes of entities, and the class of modes,

respectively.

The <i_o_data> production derives entities involving the input,
output and internal storage of data items. These entities will
generally be mapped to "places" in the Petri net representation of

the specification.

The <function> production derives entities involving Demand and

Periodic Functions. They will be mapped to "transitions" in the

w PR,



Petri net representation.

The <mode_table> production derives the last section of the
specification. Modes are mapped to places in the Petri net

representation of the specification.

2.1.1.1 Entity Format:

Entities begin with an Entity line, giving the name of the entity.
This line is followed by relation lines, representing relationships
and attributes associated with that entity. Entities are separated

by blank lines. This ordering is expressed in Figure 2-2.

Entity line relation line

-O

blank line

Figure 2-2. Entity Syntax

Every line in an entity is of the form '"keyword : value'. Each
Entity line begins with a capitalized "entity keyword" in column 1.
Relation lines are indented with spaces; '"relation keywords" begin

with a lower case character.

While the BNF for this input Llanguage is stated precisely in
Appendix B, the following subsections discuss the semantics of the
productions (for the three primary types of entity) that the

translator recognizes. The relationships and attributes recognized

- 13 -



for each type of entity are also discussed.

2.1.1.2 The <i_o_data> (Class of Entities:

The <i_o_data> entities form a class of entities which describes
data associated with the software product. In the context of the
chess specification, the data is either input from a keyboard,

output to a crt, or internal data on secondary storage.

For the purposes of this implementation, the only attribute of
interest in this class is "media". The media attribute associates
a device with the entity, and is displayed by the interpreter when
the occurrence of an input or output event is simulated. Other
attributes, such as "structure", are ignored because the syntax
describing their possible values is imprecise, and the information

is meant for other implementations.

For the purposes of this implementation, relations are undefined
for the <i_o_data> class of entity. Relations between functions
and data are oaly expressed in the definition of <function>

entities.

Entities in the <i_o_data> class are mapped to Petri net places,
and <function> entities are mapped to Petri net transitionms.
<i_o_data> entities serve as the input and output places of the
<function> transitions. For instance, a function may be related to
two input entities and three output entities. The corresponding
transition will not be enabled until both input places contain a
token:; at that time, the three output places will each receive a
token. <i_o_data> entities can be related to one or more

"Function" entity types.

- 14 -



The names of entities in the <i_o_data> class are always delimited
by the dollar sign “$° and are preceded by one of the keywords

"Input", "Output" or "Imput_output":

s Input keyword: When the media is a keyboard, the Input entity
consists of data expected to be entered by the user of this
product. This entity will be translated into an input place
of the transitions it 1is related to. An example from the
chess specification would be the "Sboard_description$" Input
entity. Sboard_description$ is related to the
"Create_special_board" <function> entity, s0
$board_description$ would become an input place of the

Create_special_board transition.

e Output keyword: When the media is a crt, the Output entity is
usually data meant to be displayed to the user of the product.
This entity will be translated into an output place of ihe
transitions it is related to. An example from the chess
specification would be the "$status$" Output entity. S$status$
is related to the '"Computer Move" <function> entity, so
$status$ would become an output place of the Computer_Move

transition.

e Input_output keyword: Input_output entities specify the stored
data of the software product. _The media for Input_output
entities is usually internal or secondary_storage. Examples
would be  Schess_board$ and S$stored_board$ respectively.
Input_output entities are not  translated into places.
Instead, they are translated into 'function statements" meant

to be invoked when the corresponding transition fires. If

- 15 -



such an entity is related to a function entity via the "input"
keyword, then the Input_output entity name becomes an argument
to the function to be invoked. If it is related via the
"output" keyword, it becomes the return value of the function

invocation.

2.1.1.3 The <function> Class of Entities:

The <function> entities form the other class of entities,
describing functions of the software product. In a typical ERA
specification, functions are never related to one another directly.
Instead they are related to data entities and modes. This
definition of "“relations" between functions and data insures that

the Petri net graph will be bipartite.

Entities in the <function> class are mapped to Petri net
transitions, because they represent events [Pet81]. <i_o_data>
entities and modes are mapped to Petri net places, because they

represent the condition of the system.

The <i_o_data> entities and modes related to the functions in the
next two Figures are all defined in Appendix C. The
"Recreate_board" and "Time_warning_2" examples are meant to be used
for illustrative purposes and do not Eform a part of the chess

specification in Appendix C.

The class of <function> entities 1is divided into Demand and
Periodic functions. Demand functions are generally invoked by an
event (ie: a user request), while Periodic functions occur at
regular intervals based upon a predetermined cycle. The names of

Demand and Periodic functions always begin with a capital letter,

= T8 =



and are denoted by the keywords "Activity" and "Periodic_function”,

respectively:

e Activity keyword: An-Activity is an entity which specifies a
Demand function. An analogous concept in the UNIX environment
would be a user-callable program. Figure 2-3 shows a Demand

function called "Recreate_board". A Demand function is

Activity : Recreate_board

input : Sstored_board$
input : Sname_of_game$
output : Sstatus$

output : Schess_board$
required_mode : *STAR
necessary_condition : Sretrieve$

action : *START* -> *NORMAL*

Figure 2-3. Example of a Demand Function Entity

initiated by an event which is external to the software
product. For example, a user might type the command
"retrieve chess.game" on the keyboard, and thus initiate the

Recreate_board Activity.

Activities use the 'necessary_condition" keyword, and are
related to Input entities. A "necessary_condition" is the
relation of a command (ie: the Input entity Sretrieve$) to a
Demand function. When the command is issued, the Activity
becomes executable, and the corresponding transition becomes
firable. The Activity can be related to other Input entities

which specify further information (ie: $name_of_game$).

s Periodic_function keyword: A Periodic_function is an entity
which (curiously enough) specifies a Periodic function. An

analogous concept in the UNIX environment would be a daemon

- 17 ~



process. Figure 2-4 shows a Periodic function called
"Time_warning_2". A Periodic function is initiated by the
occurrence of some logical condition which is based upon some
internal cyclic measure. For example, the Periodic_function
Time_warning_2 is initiated upon the occurrence of the

condition of "timer > 300 seconds".

Periodic_function : Time_warning_2

required_mode : *NORMAL*

required_mode : *ILLEGAL®

occurrence : whenever timer > 300 seconds
input : Slimit_time$

output : Stime_warning$

Figure 2-4. Example of a Periodic Function Entity

Periodic_functions use the "occurrence" keyword, and are not
related to Input  entities. Note that all of the
Periodic_function; in Appendix C have a pseudo-input driver,
whic§ is used by the implementation for debugging purposes
(like $limit_time$ in the example). An "occurrence" is a
condition which causes a Periodic_function to become
executable, and the corresponding transition to become

firable.

For the purposes of this implementation, the class of <function>
entities has five relations of interest. They are input, output,
required_mode, necessary_condition, and occurrence. All other
relations and attributes are ignored for this class of entity;
they are meant to be used with other implementations. Activities
are generally invoked by the use of "required mode" Input entities
and Periodic_functions are invoked at regular intervals by the use

of the "occurrence” condition.
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Since functions are mapped to transitions, some relations are
mapped to input places and output places of the transition. Other

relations result in an annotation of the Petri net.

e Input places of each transition are used to model Input
entities (ie: from the wuser’s keyboard) and a mode. Input
entities can be related to a function by the "input" keyword,
to specify data which is required to perform the function. An
example would be the Input entity "$name_of_game$"; this input
is required before a game can be retrieved by Recreate_board.
Input entities can also be related to a function by the
"necessary_condition" keyword, which is the ERA method of
specifying an input used to initiate an Activity function. An
example would be the Input entity-sretrieves, which initiates
the Recreate_board Activity. A mode must be related to a

function by the "required_mode" keyword.

e Output places of each transition are used to model Output
entities (ie: to the user’s crt) and 2 mode. Output entities
can be related to a2 function by the "output" keyword, to
specify data meant to be displayed by the function. An
example would be the Output entity "Sstatus$" which is printed
when the Recreate_board Activity is executed. The execution
of a function may or may not result in a mode change. In
either case, a mode is mapped to an output place of the

. transition.

e Annotations to the transition are used to model Input_output
entities and to express the value of the "occurrence'" keyword.

An Input_output entity can be related to a function by one or

= 19 =



both of the "input" and "output" keywords. These entities are
mapped into "function statements", which are meant to be
invoked when the transition fires. This is how
transformations on internal data are specified in the Petri
net model. The '"occurrence" keyword is used to express a
logical condition, which must be wvalid in order for a

Periodic_function to be initiated.

An entity may have more than one keyword of the .same type. When
this happens for the "input" and "necessary_condition" keywords,
there is a corresponding one-for-one increase in the number of
input places to thé transition. There is a similar increase in the
number of output places when a multiplicity of '"output" keywords
exists in an entity. For example, "Computer_Move" has three
instances of the output keyword. One of these relations is an
Input_output entity which will result in an annotation; the other
two relations will be  mapped to output places of the
"Computer_Move" transition. For multiple instances of the

"required_mode" keyword, see the next section.

2.1.1.4 The MODE_TABLE

Modes provide for a form of sequencing by means of global state
transitions. Modes are grouped into classes. A system can be in
more than one mode at one time, but there are exclusion relations
among the modes which specify the allowable mode combinations. For
example, the A-7E aircraft has several mode classes. The aircraft
can be in the *DIG* "navigation" mode, and at the same time, the
aircraft can be in the "weapon delivery" modes of *A/A Guns* and

*Manrip* separately or together [Hen78].
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Because modes are related to functions, modes are mapped to places.

The MODE_TABLE is the last section of the ERA specification. It
consists of three parts: a list of wvalid mode names, an

Initial_Mode, and a list of Allowed Mode_Tramsitioms.

The list of valid mode names can be .used to verify that all modes
related to entities are defined. A mode name is a word composed of
capital letters and delimited by asterisks. Because entities are
rélated to modes via the action, assertion and required_mode
keywords, there is a built in redundancy which allows <£for the

verification of the consistency of the MODE_TABLE.

The Initial Mode is used by the interpreter as the place which

receives a token from the firing of the initial transition.

The notation of an Allowed_Mode_Transition is:

<event> : old_Mode -> new_Mode
where <event> can be the name of an Input or Output entity. The
Input or Output en;ity may also "contain" a value. Examples of
Allowed_Mode_Transitions are:

$syntax_error$ :  *NORMAL* -> *ILLEGAL*

Sstatus$ = ‘checkmate” : *NORMAL* <> *END*

While a2 mode change generally occurs in conjunction with the firing
of a transition, it should be stressed that mode changes are caused
by the occurrence of input and output, and not solely by the firing
of some transition. A similar concept is utilized in the A-7E
specifications [Hen80], via the use of output-driven transition

tables.
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In terms of the Petri net model, if the mode table contains a2 mode
change related to the occurrence of a function, then the "old_Mode"
is mapped to an input place of the function transition and the
"new_Mode" is mapped to an output place. Note that the old_Mode
should correspond to the value of the required mode keyword. If
the mode table does not contain a mode change related to the
occurrence of a function, then both the input and output places of
the function transition map to the value of the required mode
keyword. This temporary consumption of a mode token is done to
prevent two transition sequences which are firable in the same mode

state from firing concurrently.

If a function has more than one required_mode, then separate copies
of the function entity are cloned for each of the required_modes.
This is done so that the mode value is preserved through the

transition, when there is no change in mode value.

2.1.2 Mapping ERA onto a Petri Net Graph Model
This section graphically displays the Petri net transitions
corresponding to Figures 2-3 and 2-4. The'examples illustrate the

annotations and the use of multiple input and output places.

Referring back to the Activity entity in Figure 2-3, note that
Recreate_board has three input places and two output places. Two
of the input places are Input entities: S$name_of_game§ and
Sretrieve$, (the wvalues of the input and necessary_condition
keywords, respectively). The other input place is  the
required_mode *START¥. One of the output places is the output
relation $status$. The other output place is the *NORMAL* mode.

The action keyword is ignored; the mode change is a result of the
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following entry in the MODE_TABLE:
Sretrieve$ : *START* -> *NORMAL*

Sretrieve$ Sname_of_game$

*START* ? j
7 v

£(2-5)

*NORMAL* O
O

Sstatus$
£(2-5): Schess_board$ = Recreate_board ( $stored_board$ )

Figure 2-5. Petri Net Graph of a Demand Function

The Petri net graph fragment corresponding to the Demand function
is shown in Figuré 2-5, where the Recreate_board entity is
annotated by the function £(2-5), which is meant to be invoked when
the transition is fired. This is because the Input_output entities
$stored_board$ and $chess_board$ are listed as input and output

relations, respectively.

Referring back to the Periodic_function entity in Figure 2-4, note
that Time warning_ 2 has three input places and two output places.
One of the input places is the Input entity S$limit_time$, which is
the value of the input keyword used in debugging the
implementation. The other input places are the required_modes
*NORMAL* and *ILLEGAL*. As discussed in the MODE_TABLE section

above, there must be a separate entity for every required_mode.
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Consequently, Time_warning_2 will clone into the two entities
called Time_warning_ 2 *NORMAL*  and Time_warning_2_ *ILLEGAL¥.
Because there is no mode change related to this entity, the
Periodic function must preserve the value of the mode through the
transition. The Petri net graph in Figure 2-6 shows that the state
of the mode is preserved because of the duplication of this
transition. The two new transitions share the input place
associated with the input relation $limit_time$, as well as the
output place associated with output relation $time_warning$. In
summary, the net result of executing this Periodic function is

consistent, independent of the mode.

$limit_time$

o

*NORMAL™ { ) *ILLEGAL*

\\\_—J/) f(2-6.a) £(2-6.b)

04

Stime_warning$

£(2-6.a): Time_out_2 *NORMAL* WHEN ( timer > 300 seconds )
£(2-6.b): Time_out_2_ *ILLEGAL* WHEN ( timer > 300 seconds )

Figure 2-6. Petri Net Graph of a Periodic Function

The Petri net graph £fragment corresponding to this Periodic
function is shown in Figure 2-6, where the Time_warning_2 entities
are annotated by £(2-6.a) and £(2-6.b). The WHEN condition is the

same for both transitions; it must be valid before the transition
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may be fired. The WHEN condition is nothing more than the text
following the ERA reserved word 'whenever" in the occurrence
relation. This implementation will not make use of this facility;
a pseudo-input command (ie: $limit_time$) will be used to simulate

the calling of the Periodic function.

2.1.3 Translator Diagnostics and Static Analysis

In addition to the primary output of the translater, (the PNL
code), the translator outputs a number of error and diagnostic
messages. Some of these messages correspond to fatal conditions
which cause the process to terminate immediately after printing an
"error" message. Less severe conditions are detected by a ‘static
analysis of the Petri net; the translation proceeds with the
production of the PNL code, after printing a "diagnostic" message.
All fatal error messages and non-fatal diagnostic messages are

detailed in Appendix F.

Fatal errors are most frequently found while reading the ERA input.
Examples of such fatal errors include a syntax failure in the ERA
file or the referencing of an entity which is not defined. Other
fatal internal errors are indicated by the printing of the message
"Memory fault", for such conditions as exhaustion of an internal

table or other unexpected internal faults.

The diagnostics which are produced by static analysis are related
to such Petri net properties as reachability, starvation and
deadlock. Other conditions which are related to problems caused by
the use of the Petri net model are alsoc flagged. Im particular,
when two transitions share an Input place (ie: $name_of_game$),

removal of the token from this place can cause anomalous behavior
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in the simulation. Note that, while PNL intermediate code is
produced, the interpreter may not produce a satisfactory simulation
of the specification when static analysis indicates that a problem

area exists.

Static analysis of the Petri net can provide insight into problem
areas 1in the requirements specification. While static analysis of
Petri nets was not the primary focus of this implementation, many
of the conditions are quite easy to detect, given the correct data

structure design.
2.2 PNL Intermediate Code

PNL intermediate code is a character string language which directly
represents Petri net graphs, such as those generated from an ERA
specification. The syntax of the language is described elsewhere

[NelB2, Nel83].

The subset of the PNL language used in this implementation has four
statements. The two PNL statements "TRANS" and-"PLACE" correspond
to Petri net transitions and places. The other two PNL statements
are "INIT" and "TERM", which correspond to initial transitions with

no input places and terminal tranmsitions with no output places.
There are five modifiers to the above statements.

The most common modifier is "QUTPUT TO", which lists the output
places of a transition, (as well as the output transitions of a
place). OUTPUT TO is used to modify the INIT, TRANS and PLACE
statements. The "INPUT FROM" modifier provides the complementary

information of the OUTPUT TO modifier and is used to modify the
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TRANS and TERM statements.

The other three modifiers are used as annotations on the TRANS
statement only. They are the "QUTPUT IF", "INVOKES" and "WHEN"
modifiers. The OUTPUT IF modifier conditionally places a token in
one of two mode places. The INVOKES modifier supplies a function
which is to be invoked upon the firing of the associated
transition. The WHEN modifier supplies a conditional expression

which must be satisfied before the transition may fire.

It should be noted that two features are not a part of the original
definition of PNL. The first feature involves the use of the WHEN
modifier, which gives the ability to wait for the satisfaction of
some condition. The second feature involves the use of
"variables". This implementation uses variables to represent
Input_output entities. These variables are used as the parameters
and results of the functions in instances of the INVOKES modifier.
The variables are also used in instances of the WHEN condition for
the storage of internal values (ie: "timer" > 300 seconds). Both
the WHEN modifier and variables are described elsewhere in the

literature [Kel761].

The OUTPUT IF, WHEN and INVOKES annotations are not currently
analyzed by the interpreter. The annotations are simply displayed
to aid the user in the simulation of the requirements specification

prototype.

Two examples follow, in which the PNL code associated with previous

examples is shown.

i 2T =



T_INIT : INIT OUTPUT TO ( *START* )

*START* : PLACE OUTPUT TO ( Recreate_board, ... )
*NORMAL* : PLACE OUTPUT TO ( ...

Sretrieve$ : PLACE OUTPUT TO ( Recreate_board )
Sname_of game$ : PLACE OUTPUT TO ( Recreate_board )

.

TRANS OUTPUT TO ( *NORMAL*, $status$ )
INPUT FROM ( *START*, S$retrieve$, $name_of_game$ )
INVOKES ( Schess_board$ =

Recreate_board ( $stored_board$ ) )

Recreate_board

Sstatus$ : PLACE OUTPUT TO ( T_TERM_S$status$ )
T_TERM Sstatus$ : TERM INPUT FROM ( $status$ )

Figure 2-7. PNL code for a Demand Function

Figure 2-7 illustrates the PNL code generated for the Demand
function modeled by the Petri net in Figure 2-5. There are a
number of items of interest in this figure. The transition INVOKES
a function with an Input_output entity as its input and a different
Input_output entity as its output. A mode change from *START* to
*NORMAL* occurs. Note that the ellipses in the OUTPUT TO lists for
these modes suggest ihat the modes are input places for tran;itions

not shown.

In both of these examples, Output entities (ie: S$status$ and
Stime_warning$) serve as the input places to a terminal transitionm,
denoted by a TERM statement. The TERM statement will remove tokens
from the Output entity place, to simulate the printing of the
Qutput entity on the crt. The label of the TERM statement will be

the string "T_TERM_" with a suffix of the entity name.

Figure 2-8 illustrates the PNL code generated for the Periodic
function modeled by the Petri net in Figure 2-6. In this example,
both of the transitions are annotated with the same WHEN modifier.

This was done to preserve the mode‘s value through t:.e transition.
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*NORMAL* : PLACE OUTPUT TO ( Time_out_2_*NORMAL*, ... )
*ILLEGAL* : PLACE OUTPUT TO ( Time out 2 "ILI.EGAL* oo )
$limit_time$ : PLACE OUTPUT TO ( Time_out_2_*NORMAL¥,
Time out_2 *ILLEGAL* )

Time_out_2_*NORMAL* : TRANS OUTPUT TO ( *NORMAL*, $time_warning$ )

INPUT FROM ( *NORMALY*, $l1m1t time$ )

WHEN ( timer > 300 seconds )
Time_out_2_*ILLEGAL* : TRANS OUTPUT TO ( *ILLEGAL*, $time_warning$ )

INPUT FROM ( *ILLEGAL¥, $1m1t time$ )

WHEN ( timer > 300 seconds )

Stime_warning$ : PLACE OUTPUT TO ( T_TERM_S$time_warning$ )
T_TERM $time_warning$ : TERM INPUT FROM ( Stime_warning$ )

Figure 2-8. PNL code for a Periodic Function

Diagnostic warnings and comments may be inserted in the PNL
intermediate code by the translator. The diagnostic warnings are
the result of the static analysis phase of translation. The
comments are automatically inserted by the translator to make the
PNL intermediate code more readable. They are denoted by a “-" and

a “#” in column 1 respectively, and are documented in Appendix F.
2.3 The Interpreter

The interpreter simulates the Petri net represented by the file of

PNL instructions. This simulation provides a prototyping of the

ERA specification.

The simulation is accomplished by firing any firable transitions
and printing the names of the ocutput places of those transitions.
The normal output of the simulation is a sequential list of entity
names associated with input and output places, showing the external
behavior of the prototype. This firing trace of the input and
output places of the transitions will simulate a trace of the

external behavior of the software product, as the software product
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has been specified. It is hoped that deficiencies in the

specification will be become apparent through this simulation.

When more than one firable transition is available, the interpreter

will fire the first firable transition it encounters.

The user of the. interpreter 1is expected to thoroughly test
combinations of transition firings. This includes those
transitions which represent Periodic_functions. A condition
specified by the "occurrence" relation in a Periodic_function (and
represented by the WHEN modifier) can become true at any time. The
interpreter makes no attempt to analyze the WHEN condition for
validity. Instead, a pseudo-input command is associated with
Periodic_function transitions. While the intérpreter is not aware
of any difference between Periodic_functions and Aétivities, the
WHEN annotation is displayed in the menu to indicate to the user
that a2 Periodic_function transition is potentially firable. Thus,
the interpreter leaves the testing of the condition specified in

the WHEN modifier to the user.

When a function is "executed" by means of an INVOKES modifier, the
only discernible result is the printing of the function’s name and
parameters. The user of the interpreter is expected to comprehend
the result of executing a2 function which operates on Input_output

entities.

When there are no firable transitioné, transitions which could

become firable are considered.

The interpreter uses a menu driven system. The menu will display a

list of these potentially firable transitions, including any
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annotations to those transitions. (The annotations printed in the
menu are the WHEN and INVOKES modifiers.) These transitions
correspond to the functions which require a wuser request as a
"necessary condition" prior to becoming firable. The user selects
the desired transition from the menu, and a token is placed in the
input place which represents the appropriate necessary condition.

The interpreter then resumes firing the net.

The interpreter can provide indications of problems such as
deadlock and starvation. The first condition occurs when there are
no firable transitions. The second occurs when one section of the
Petri net monopolizes the firings without allowing other sections

of the net to become firable.
A number of options are available to the user of the interpreter.

An option to trace the transitions as they are fired is available,
to debug the requirements specification. The output of this trace
adds the Activity and Periodic_function transition names to the
output 1list. These names aré interleaved with the inputs and
outputs that occur, so that the ordering of events can be seen,

relative to those inputs and outputs.

Another option exists, which allows the user to '"single_step"
through the firing of the net. A menu of all firable transitions
and potentially firable transitions is displayed. This allows the
user to fully select the order of transitions firings. A variety
of firing orderings can be tried, which allows the user to simulate
the random concurrent nature of the Petri net. This option is

particularly useful if one transition is "starving" the net.
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There are also options to aid in debugging the implementation
itself. For instance, the ability exists to print out the current
state of the Petri net at any time. This option displays the

placement of tokens and the firable transitions in the net.

2.4 Miscellaneous Information

All software for this implementation is to be written in the C
language [Ker78] on the UNIX Operating System [Chr83]. The
software must be executable on "version V" UNIX (Bell Laboratories
internal standard), as well as the "4.2 BSD" UNIX used at Kansas

State University.

A number of standard UNIX commands will be utilized in this
implementation., Make(1) will be used to describe the dependencies
between the files that comprise this implementation. Lint(1) will

be used to eliminate incorrect and wasteful code.

The software will utilize the ‘'"debug" facility. This facility
allows for the selective printing of debugging statements during
the execution of the processes. The "trace level"”, which specifies
the type and gquantity of debugging statements, is fully selectable
at run time. No recompilation of the software is required to

select trace levels.

The ERA requirements specifications listed in the appendices of
this report _have actually been tested as input to the
implementation. The implementation silently ignores nroff commands
(ie: ".bp" for pagination) which have been inserted in the

specifications files for formating purposes. Furthermore, all
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input and output files wused by the programs that comprise this

implementation shall be readable by ordinary text editors.
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CHAPTER 3 - DESIGN

The implementation contains three modules which perform the
processes of Translation and Interpretation described in the
previous chapter. The "scanner" module lexicallf scans an ERA
requirements specification. The Mtranslator" module generates a
file containing PNL code. The "interpreter" module simulates the
Petri net described by the PNL code in order to provide a prototype
of the requirements specification. This chapter describes the

algorithms and data structures used by these modules.
3.1 Implementation Hierarchy

Each module has a particular task it performs upon data structures
"owned" by that module. 1In general, other modules must use access
routines which are provided by the module owning a data structure,

if an action needs to be performed involving that data.

Figure 3-1 shows a hierarchy diagram for the implementation. The
lowest level of the diagram represents data files and data
structures. The tasks which use the data are shown in the levels

above the data.
3.2 The Main Module

The main module handles the initialization, control and termination
of the process. The main module uses two primary modules: the

translator and the interpreter.

The translator uses the scanner module to build the symbol table.

With the symbol table, the translator constructs an entity graph,
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SCANNER create build fire
[::::————J entity Petri net Petri net
graph structure transitions

|

input (/symbol output input r(output results
ERA | tables PNL PNL | of simulation

Figure 3-1. Hierarchy Diagram

which expresses the Fetri net relationships between eptities, and
then builds a file of PNL instructions corresponding to this graph.
The interpreter fires the Petri nef structure which is ﬁroduced by
the translator. Each of the following sections discusses one of
these modules, emphasizing the data structures '"owned" by that
module, and the algorithms used by the module to maintain those

data structures.
3.3 The Scanner

The scanner reads entities from the ERA file and stores them in an
internal data structure format suitable for use by the translator.

A Symbol table is maintained as well as a table for functions.
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The scanner in this implementation is analogous to the "lexical
scanner" wused in many compilers [Aho78). While it reads the input
in cne pass, it differs in that it does not pass tokens to a
parser; the Symbol table is built in such a way as to allow the
translator to produce intermediate code without the need for a

parse tree.

It should be noted that, while the input language is suitable for
recursive descent parsing, the grammar in Appendix B is ambiguous.

Because of this, the language is not LL(1).

The scanner is capable of handling forward references in its one
pass through the input text. This implies that the entities can

occur in any order in the ERA file.

3.3.1 The Scanner’s Algorithm

.The scanner module reads the entities and MODE_TABLE found in the
ERA specification file. If this input satisfies the syntax for ERA
specifications, expressed in Appendix B, the entities and modes are

entered into a Symbol table.

Function entities have "relations" which express interrelationships
"with other entities. Some relations are expressed via indices to
the Symbol table entries which correspond to those other entities.
Other relations can result in the generation of an "annotation" to
the function. Annotations express the PNL concepts of conditional
transition firings and function invocations, as well as comments

and warnings.
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3.3.1.1 Scanning the ERA file - Entities

The scanner processes the entity section of the ERA file first,
removing the PROCESS line and comments. As the entities are read,
the ordering of the input lines is checked. There are three types
of lines which naturally occur in an entity: "blank" lines,
"Entity" lines and "relation" lines. The lexical format of words

within these lines is also verified.

Some entities are of interest to this implementation, ;nd some are
meant for other purposes. If'the entity matches the syntax and the
entity keyword is found in array of valid entity names, then the
entity is processed. A similar algorithm is used to select

relations which are of interest, within valid entities.

As each valid entity is consumed from the input ERA file, its
values are put directly into two tables. Informatiqn concerning
valid entities is stored in a "Symbol table" called SYMTAB. This
table is sufficient for the storagé of all entities except function
entities. -Information about valid relation values found within

functions is put in a "Function table" called FUNTAB.

Some of the fields in the FUNTAB table contain the values of
relations. These values are stored as indices to Input, Output and
Mode names in the SYMTAB table. Other fields are derived from
information. in the relations. For instance, when a
Periodic_function entity is encountered, the wvalue of its
"occurrence" keyword is used to build the WHEN annotation. As
shown in Figures 2-4 and 2-6, the WHEN annotation is the text

following the word "whenever" in the occurrence string.
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The scanner must wait to fill in some of the information in the
FUNTAB table. The building of the INVOKES annotation must wait
until all Input_output entities have been read. Likewise, the
value of the function’s "next mode" will not be filled in until the

MODE_TABLE has been read.

As was mentioned in Chapter 2, if a function has more than one
required_mode, the entity must be "cloned" so that each of the new
entities has only one required mode. For example, in the
Periodic_function "Input_Check", the value of required mode is the
reserved word "eYery_mnde". This entity will be cloned into four
entries in the SYMTAB table, because there are four modes in the
ERA specification of Appendix C. Each of the new entries will have
the name of Input _Check with a suffix of the corresponding mode
name. The division of an entity like Input_Check must be delayed

until the list of mode names in the MODE_TABLE has been processed.

3.3.1.2 Scanning the ERA file - Modes
The MODE_TABLE is the last section of the ERA file, and it is

divided into three parts.

The first part is a list of valid mode names, which is used to
perform a consistency check on the rest of the file. The list of
valid names is also used to clone function entities which have a

required_mode of "every_mode".

The second part is the value of the "Initial Mode". The scanner
saves a index to the SYMTAB table entry which is given as the value
of the Initial_Mode. This value will be used by the translator to

build the INIT statement.
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The third part is the list of "Allowed_Mode_Transitions" which the
scanner uses to fill in the "next mode" information in the FUNTAB
table. The MODE_TABLE displays mode change information in relation
to input and output "<events>" thusly:
<event> : old_Mode -> new_Mode

For every entry in the MODE_TABLE, the functions in the SYMTAB
table must be scanned for references to the <event> which causes a
mode change entry in the MODE_TABLE. 1If such a reference is found,
and if the required_mode of the function is the same as "old_Mode",
then the next mode value in the FUNTAB table will be '"new_Mode".
If no mode change occurs for a function, the next mode is the same

as the required mode.

3.3.1.3 Completing the Derivation of the Scanner’s Tables

When all of the information has been read from the ERA input file,
the symbol tables are checked for internal consistency. The
primary task is to locate entities which are referenced, but never
defined. These "orphan' entities are given default
characteristics, so that processing may continue. Diagnostic
messages are issued when such inconsistencies are due to the

omission of an entity from the ERA file.

When all of the entities have been consumed, the scanner builds the
INVOKES annotation for those <functions which are related to
Input_output entities. As discussed in Chapter 2, if such an
entity occurs as an input relation of a function, that entity
becomes the argument of an INVOKES annotation. If such an entity
occurs as an output relation, then that entity becomes the result

of the INVOKES annotation. The INVOKES annotation is shown in
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functional notation:

INVOKES ( result = Function_entity name ( arguments ) )
An example is shown in Figure 2-5. The building of the INVOKES
annotations is done in one pass through the SYMTAB table. Another
pass through the SYMTAB table is required to remove all references

to Input_output entries, because they have no further use.

3.3.2 The Scanner’s Data Structures

Figure 3-2 displays an example of the two tables which are of
primary interest to the scanner module: the SYMTAB table and the
FUNTAB table. This example shows the -entries related to the
scanning of the Recreate_board function in Figure 2-3. The FUNTAB
table is shown at a point where all of the values of input and
output relations have been fully defined, but annotation and
MODE TABLE processing is not yet complete, as indicated by the

values of “7-.

The SYMTAB table contains the name of the entity, a comment, the
entity class, and an index to a FUNTAB entry. The name of the
entity is a string. The comment field (not shown) is a PNL comment
which will be emitted by the translator. The entity class is

defined to be one of the following:

F -  Function

I - Input

o) = Output

I_o - Input_output
M - Mode

The FUNTAB index is used for function entities only, and is an
index to a FUNTAB table entry which gives further information about

the function.
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Function Table "FUNTAB" /* Function Table fields: *

r p_or_a /* Periodic or Activity?
. nec_cond /* necessary condition
in[0] /* first input
in[1] /* second input

out[0] /* first output
out[1] /* second output

mode[0] /* first required mode
nxt_mode /* next mode
[ [ note /* Annotation
¥ v /* not shown: stim & warn
? 1‘

7

[ A X b4 X X b4 I b4

Symbol Table "SYMTAB"

Recreate_board

*NORMAL*

; *START™

{ : »| Schess_board$ |I o
$status$

»| Sname_of_ game$

: »| $stored_board$ |I o

=| Sretrieve$

R e |

= Ol

il

\ L 1 J

/* Symbol Table fields: */

/* symbol name i sym-—-—--——-—j
/* symbol class */ sym_class
/* function table index ¥/ sym idx

e

* not shown: comment */

L

-

Figure 3-2. The Scanner‘s Data Structures

In the figure, fields which contain pointers to entries in another
table are dencted by an "Xx" and an arrow pointing to that entry.
All pointers are implemented via the use of indices into tables, to
avoid the delays that address exceptions can cause in the

development cycle.
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The FUNTAB table has the fields that are enumerated at the top of
Figure 3-2. Some of the fields directly correspond to relations in
the entity, and thus contain SYMTAB indices. The "p_or_a" field is
a flag indicating whether a function is a Periodic_function or an
Activity. The "in", "out" and "mode" fields are implemented as
arrays, because an entity can have more than one of these
relations. The '"note", '"stim" and "warn" fields are strings

containing various annotations to the function.

As entity names are encountered, either by definition or reference,
the SYMTAB table is searched for that name. If it is not found, it

is added to the tables.

3.3.3 The Scanner - Error Handling

The scanner module must be able to detect more error conditions
than any of the other modules. This is because the scanner obtains
its input from a file which has been manually built. The fatal
errors which c¢an be detected are caused by syntactic or semantic
errors in the input, or are the result of limit;tions in the

internal symbol tables.

Syntactic errors can be detected when the ERA input does not follow
the grammar specified in Appendix B. A syntax error is generated
when the ordering of the sections within the file is incorrect.
For instance, the MODE_TABLE must follow the entities. A syntax
error is also generated when the ordering of lines within a
section, or the structure of words within a line, is incorrect.
For example, the lines of an entity must occur in a certain order,
and each line must have a "left-hand-side'" and a2 "right-hand-side"

which are separated by a colon. The left- and right-hand-sides
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must also follow certain lexical conventions (ie: modes are

delimited by “*’ characters).

Fatal errors are also generated when semantic inconsistencies are
detected. These inconsistencies usually involve the use of an
improper relation in an entity definition. For instance, the
"necessary_condition" keyword is ohly valid within Activities and

the "occurrence" keyword is only valid within Periodic_functions.

Other fatal errors are related to the SYMTAB and FUNTAE takbles.
The number of entries in these tables and the size of fields in
each entry are both limited. When the limits are exceeded, the

process terminates.

The scanner also has the ability to detect certain non-fatal
errors. When this happens, a diagnostic warning message is
generated and processing continues. For instance, a diagnostic
warning is issued for Periodic_fuqctions which have an "input"
relation, because Periodic_functions are not supposed to accept
input from the keyboard. The message which is generated is a PNL
warning, which is stored in the FUNTAB entry for a function. This
PNL warning will be emitted by the translator when the PNL code for

the associated transition is generated.
3.4 The Translator

The translator module calls the scanner module, which reads the ERA
file, and builds the SYMTAB and FUNTAB tables. The translator then
builds an "entity graph", which represents the ERA specification as
a Petri net. The entity graph is used to generate an output file

containing a PNL program.
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3.4.1 The Translator’s Algorithm

The translator makes one pass through the SYMTAB table to generate
the entity graph from function entities. The entity graph is a
doubly-linked list representation of a Petri net, which expresses
the relationships between transitions and places. In the entity
graph, transitions represent ERA functions and places represent

Input/Output related entities and modes.

fhe translator uses the entity graph to produce an output £file of
PNL instructions. After the INIT transition is written to the
file, the translator makes three passes through the entity graph to
generate the rest of the PNL output file. One pass is required to
produce each of the PLACE, TRANS and TERM sections in the output

file.

3.4.1.1 The Translator - Building the Entity Graph

The entity graph contains a table for transitions (TRANS) and a
table for places (PLACES). The TRANS table maintains lists of
input and output places, for each transition. While this linkage
is sufficient to assure that the data structure is a Petri net
structure, the PLACES table also maintains a list of output
transitions, for every place. This double-linkage simplifies the
translator’s algorithm for printing the "OUTPUT TO" list for PLACE
statements, as well as the interpreter’s algorithm for firing the

Petri net.

The graph is built by searching the SYMTABR table for functions.
When a function is found, an entry is added to the TRANS table.
The function will have relations which are indices to other

entities in SYMTAB; these are added to the lists of input and
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output places for that transition. 1If the function has relations
which are annotations, then these are copied directly into fields

in the transition entry.

The lists of input and output places for a transition are stored in
the TRANS table entry as indices to the PLACES table. Input and
output places are added to the PLACES table when they are first
referenced by a function. The PLACES table entry will also contain
an index to the TRANS table, for input places to transitions (to

provide for double-linkage).

When all transitions have been added to the TRANS table, a search
for unreachable nodes is performed. Any entity in the SYMTAB table
which has not yet been entered into the PLACES or TRANS tables. is
considered to be unreachable. Such entities are added to the
entity graph with the PNL warning that the corresponding ‘entity'

graph node will never be accessed by any combination of firings.

When the TRANS and PLACES tables have been completely built, the

translator is ready to generate the output file of PNL code.

3.4.1.2 The Translator - The Initial Transition

The INIT transition is the first instruction to be put in the file
containing the PNL intermediate code:

T_INIT : INIT OUTPUT TO ( *START* )

The INIT statement is a special transition with no input places.
Its only output place is the value of Initial_Mode, which was saved
by the scanner during the processing of the MODE_TABLE. Firing the
INIT transition will clear the tokens from the net, and place one

token in the Initial_Mode output place. This will cause the net to
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become activated.

3.4.1.3 The Translator - Pass | - Places

Once the special INITial transition has been put in the output
file, the place statements must be generated. An example of a
place statement is:

$name_of_game$ : PLACE OUTPUT TO ( Recreate_board )

One pass is made through the PLACES table to generate the place
statements. Entries in the PLACES table which have a comment
annotation will have that comment printed before the place
statement is emitted. The only modifier to the place statement is
"OUTPUT TO", which supplies a list of transitions that can remove a

token from that place.

While a place can have tokens placed in .it by a transition, no
"INPUT FROM" list 1is generated for the place statement. This is
because the list would be empty (or trivial) for the majority of
places. Frequently, input places of transitions will receive their
tokens from the virtual transition of "Keyboard". These input
places would have an empty INPUT FROM list, because the Keyboard
transition is simulated within the interpreter. The Keyboard

transition statement is not emitted to the output file.

3.4.1.4 The Translator - Pass 2 - Function Transitions
Transition statements are generated after the place statements have
been put in the file of PNL intermediate code. An example of a

transition statement is:



Recreate_board : TRANS OUTPUT TO ( *NORMAL*, $status$ )
INPUT FROM ( *START*, Sretrieve$, Sname_of_game$ )
INVOKES ( $chess_board$ =
Recreate_board ( $stored_board$ ) )
One pass is made through the TRANS table to generate the transition
statements. Comment or warning annotations about a transition will
be printed before a transition statement is emitted. Transition

statements can be adorned with any of the five modifierﬁ of PNL

statements discussed in the previous chapter.

3.4.1.5 The Translator - Pass 3 - Terminal Iransitions

The TERM statement is the other special transition, and 1is the

fourth kind of instruction to be put in the file. An example is:
T_TERM_$status$ : TERM INPUT FROM ( Sstatus$S )

One pass through the TRANS table is required to generate all of the

terminal transitions.

These transitions have no output places. For every Output entity,
there is a unique terminal transition statement. The Output entity
is the only input place of the TERM transition. The label of the
TERM statement is the string "T_TERM" with the suffix of the Output
entity name. Firing the TERM transition will cause tokens to be
removed from the OUTPUT piace, which will simulate the printing of

the output on a crt.
See Figures 2-7 and 2-8 for related examples of PNL statements.

3.4.2 The Translator”s Data Structures

Figure 3-3 displays the SYMTAB and FUNTAB entries representing the
Recreate_board example once again. These entries have now been
completely processed by the scanner, and are ready to be used by

the translator to create the entity graph. The entries in the
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FUNTAB and SYMTAB tables are essentially the same as those shown in
Figure 3-2. Note that the next mode and annotation information is
now complete. Since the annotation is completed, the Input_output

entities $chess_board$ and $stored_board$ are no longer used.

SYMTAB FUNTAB

r - — e
Recreate board | F | X——| A | p or_a
Sretrieve$ I <———x | nec_cond
Sname of game$ | I «——-x | in[0]
$stored_board$ |I_o in[1]
Schess_board$ |I_o out(0]
$status$ 0 *—1x | out(1]
*START* M <«——x | mode[0]
*NORMAL* M <——+x | nxt_mode

R et

" INVOKES ( $chess_board$ = Recreate_board ( $stored_board$ ) )"

Figure 3-3. The Scanner’s Data Structures, revisited

Figure 3-4 displays an entry in the entity graph 'corresponding to
the SYMTAE and FUNTAB table entries shown in Figure 3-3. The
entity graph is composed of two tables <called PLACES and TRANS,

which show the relationships between places and transitions.

bag sym out in out sym typ
' *START* — x | T_INIT: I
—
Sname of game$ - /‘ >
Sretrieve$ - x | Recreate_board F
annotation= \
*NORMAL*
$statusS - T_TERM_S$status$ | T
J \ -

PLACES table TRANS table

"INVOKES ( S$chess board$ = Recreate board ( Sstored board$ ) )"

Figure 3-4 The Translator”s Data Structures



In these figures, lines with arrows at both ends denote entities in
two tables which point at each other; the two entities are said to
be doubly-iinked. As before, an "xX" connected to an arrow which
points to the "edge" of an table entry is a singly-linked index to
that entry. Lines which terminate in more than one arrow are
"in" field in the TRANS

implemented as an array of indices; the

table is an example.

The PLACES table has fields labeled "bag", "out" and "sym". The
bag fieldris where the number of tokens in a place will be stored.
If a place is an input place of a transition, then the "out" field
of its corresponding PLACES table entry will be an index to the
TRANS table entry. The two tables are doubly-linked between
PLACES.out and TRANS.in. The sym field is a string containing the

place name. There is also a comment field (not shown).

The TRANS table has fields labeled "in", "out", "sym" and '"typ".
The in field is a doubly-linked pointer to input places of the
transition. The out field is a singly-linked pointer to output
places of the transition. The sym field is a string containing the
transition name. The transition typ is defined to be either an
Initial (I), Function (F) or Terminal (T) transition. The I and T
transition types are special cases of the general F  type
transition. There are alsp fields (not shown) which can contain

annotations, mode transition stimuli, comments and warnings.

The example in Figure 3-4 shows that the token flow proceeds from
the T_INIT transition to the *START* place, and then from the
*START*, $retrieve$ and Sname_of_game$ places to the Recreate_board

transition. Recreate board puts a token into the *NORMAL* and
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Sstatus$ places, and the Sstatus$ place outputs a token to the
T_TERM $status$S terminal transition. Putting a token in

T_TERM Sstatus$ simulates printing the Sstatus$ message on the crt.

3.4.3 The Translator - Error Handling

The translator does not need to perform as much defensive error
checking as the scanner does. The SYMTAB and FUNTAB tables, which
the translator uses to build the entity graph, are already free of
inconsistencies. The only fatal errors generated by the translato}
are due to limitations in the size of the entity graph as it is

being built.

The translator has the ability to detect certain non-fatal errors
as fhe entity graph is being built. This is called "static
analysis'" of the Pefri net structure. For instance, when a node in
the entity graph is found to be unreachable, a diagnostic warning
is generatéd. This PNL warning message will be emitted by the

translator when the PNL code for the associated node is generated.

3.5 The Interpreter

The interpreter module uses the entity graph which was created by
the translator module. The entity graph is a Petri net structure
which must be initialized and then interactively fired, guided by

menu-driven input from the user.

3.5.1 The Interpreter”’s Algorithm

The net is initialized by clearing all places of tokens. When all
bags are empty, the T_INIT transition is fired. Firing this
transition will cause a token to be placed in the bag of the

*START* place.
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The main loop of the interpreter is then entered. The following

activities will be performed until the process is terminated.

e The user is given a prompt. At this point, the user can ask
for instructions, modify the interpreter’s options or depress

carriage return to continue with this iteration.

e The Trans table is searched for £firable transitions. A
firable transition is one which has a token in the bag of each
of its input Place table entries. If the trace mode is
enabled, a menu of these transitions is displayed, and the
user can select the transition to be fired. If trace mode is

not enabled, the first transition which is firable is fired.

e If no firable transitions exist, a menu of transitions which
are potentially firable is displayed. These transitions will
become firable if a token is placed in the bag of a Place

table entry which is an input place of the tranmsition.

e After firing the transition, the Trans table is searched for
firable terminal transitions, A terminal transition is
firable if its input place has a token. Since its input place
is an Output entity, the name of the entity is displayed when

the transition fires.

When the user elects to cease the firing of the net, statistics
concerning the simulation are printed. In particular, the number
of transitions which were fired, and the number of tokens added and

removed from the net are displayed in a summary format.
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3.5.2 The Interpreter’s Data Structures

The interpreter uses the entity graph which was created by the
translator. In addition to the PLACES and TRANS tables, the
interpreter maintains the MENU array, which contains indices to the
TRANS table. The MENU array is a list of transitions which are
enabled, or which could become enabled if input occurs. When
tracing is enabled, the user is presented with a list of the

transitions pointed to by the MENU array.

When a transition is selected for firing, a token is removed £from
the bag of each of the transition’s input places and a token is

added to the bag of each of the transition’s output places.

3.5.3 The Interpreter - Error Handling

The interpreter needs to perform defensive error checking on the
user’s ~ input as the main loop of the interpreter is executed. The
;ntity graph which the interpreter fires as a Petri net structure
is free of inconsistencies, bgcause of the way in which it was

built.

The interpreter has the ability to detect certain non-fatal errors
as the entity graph is being fired. This is called "dynamic
analysis" of the Petri net structure. For example, when a node
(ie: Computer_Move) in the entity graph is found to be constantly
enabled, a diagnostic warning is generated. The diagnostic will

suggest that the node is starving the rest of the net.
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3.6 Miscellaneous Information

The init() routine in the main module calls the initialization
routine for each module. Likewise, the fini() routine in the main
module is called to perform the "cleanup" routines for each module
when the process is finished. The opening of files and
initialization of data structures is the responsibility of each
module, as well as the closing of files and other termination

activities.

Very little error recovery is performed in this implementation.
The modules are able to generate diagnostic messages, and continue
processing, when certain irregular conditions are detected.
However, the majority of "unexpected events" are considered to be
fatal errors. Unexpected events include those described in the
error —handling sections above, as well as internal errors such as
invalid cases in switch statements and table exhaustion. When such
an unexpected event occurs, the typical response is a call to the
"ERROR()" macro. This routine prints the fatal error string which
is its argument and calls fini(), which performs a thorough process
shutdown. All error and diagnostic messages are explained in

Appendix F.

It should be noted that the data structures used are limited, and
that they could be made more general by the addition of a table

management module.
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CHAPTER 4 - EXTENSIONS AND CONCLUSIONS

4.1 Extensions to this Implementation

A number of extensions could be made to improve the gquality and
power . of this implementation. Extensions of this work include
making the implementation more robust, expansions to  the
implementation, and utilization of some of the powerful constructs
seen in variations on specification models discussed in the
literature. The direciion that these extensions ultimately take
suggests the development of a wunified Software Engineering
Environment which would aid in the management of the phases of the

prototyping software life-cycle.

4,1.1 Making the Implementation More Robust

There are a large number of areas within the implementation which
could be made more robust. The ability to handle arbitrary numbers
of entities, and relation lines within entities, could be
implemented. The same is true of logical expressions of arbitrary
complexity in the values of relations. In particular, a parser
could be written which could compile an extended syntax of the
Entity-Relationship-Attribute language, using a predictive parse
table. The extended syntax could incorporate a large number of
powerful features. Furthermore, the parser could be a generic tool
which would output intermediate code useful to other tools in a
Software Engineering Environment. An example might be a tool which
automatically generated a design specification skeleton based upon

the output of the translator.
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4.1.2 Expansions to the Implementation

Rather than using a menu driven system in the interpreter, the
simulation of the Petri net model could be done by firing a random
sequence of enabled transitionms. The random nature of the
simulation would provide a more realistic test of the prototype
system. Because the simulation would be left under the control of
the interpreter, a much larger set of firing sequences could be

observed.

As transitions were fired, a data base of firing sequences could be
built, and patterns in those sequences could be identified. This
wouid be useful for detecting scenarios which were characteristic
of problem areas. For instance, the starvation -caused by
Computer_Move in Appendix C would be automatically flagged. It
would also be useful to develop typical histories of firing
sequences for use while testing the actual software product, once

it is developed.

The interpreter could be extended to incorporate features currently
used in debugging and simulation tools. A desirable feature would
be the ability to set breakpoints on transitions, so as to examine
the state of the system in the midst of a simulation. Also of
interest would be the ability to alter the condition of the system

"on the fly", while the simulation of the software product is in

progress.

As an extension of the previous item, Periodic_functions could be
modeled using a Petri net which is concurrent to the primary net.
The interpreter would then take on the characteristics of a

"multiple-process debugger". For instance, the timer that Time_out
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refers to could be simulated as a separate net. Currently
Periodic_functions must be manually initiated by issuing a

"pseudo-input" command.

4.1.3 Variations on the Models

The ERA specification language could be extended to incorporate
many of the techniques used in the specification of the A-TE
aircraft [Hen80]. These include transition, event and condition

tables.

There are a number of functionalities of the augmented PNL which
were not utilized in this implementation. For instance,
"inhibitor" arcs ([Nel82] could be used to '"disable" certain
functions in the PNL code associated with an ERA specification.
("Inhibitor" arcs are directed from a place to a transition; when
a token is in the place, the transition is not enabled.) Other
extensions might include the use of '"colored tokens" [Pet81] to
represenf the flow of various token types through the net, (where a
token could be a Mode, an Input_output entity, etc.). Many other

extensions to Petri Net Modeling systems exist in the literature.
4.2 Conclusion

This report discusses the implementaticn of a tool which analyzes
rsoftware requirements which are in an "Entity-Relationship-
Attribute" (ERA) model. The ERA software requirements are
translated into an equivalent model based upon Petri nets. The
Petri net model was chosen because of its ability to model
concurrent activities (such as the interaction between users and

software products) in an intuitively satisfying way. The Petri net
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model is expressed textually via Petri Net Language (PNL). The PNL
code which is generated is suitable for interpretive simulation.
The simulation of the specification allows the requirements
specifier and the end user to work together on a prototype of the

system being specified.

Being able to prototype a specification generates a higher degree
of confidence in the software product which will be developed. End
users who ar; unsure of their needs can experiment with various
combinations of user inte;faces and system functionalities. 1In
addition, areas where implicit misunderstandings exist between
customers and developers can be brought into focus. Because a
precise specification exists, disadvantages which are associated
with rapid prototyping are minimized. By applying techniques
similar to those illustrated in this report, the prototyping of
specifications for requirements of software products should allow
for a determination of aspects of the correctness and completeness

of such specifications.
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APPENDIX A - BNF GRAMMAR FOR ERA SPECIFICATIONS

This is an attempt to formalize the syntax of the era
specifications.

General Description:

The era specification will consist of a set of frames. The order
of the frame is not fixed. Each frame will contain information
about one entity. Each frame will start on a newline. The first
line in the frame will contain the keyword that describes the type
of the entity and the name of the entity. The first letter in the
type 1is capitalized. The type and the name are separated by a
colon. At least one blank line will separate each frame.

The information in a frame is generally in the form of relations
between this entity and other entities. Some of the information is
in the form of attributes. An attribute gives information about
this entity without referring to other entities. The order of
these relations/attributes is not fixed.

Each relation/attribute is specified by a keyword that specifies
the relation/attribute and its value. The value is either the name
of the entity that has that relation or a text description of the
attribute wvalue. A colon separates the keyword and its value.
Each relation/attribute starts on 2 new line. If a
relation/attribute continues on to another line, the continuation
line starts with a blank field followed by a colon. Multiple
occurrences of a relation/attribute is represented by multiple
occurrences of the keyword.

Entity Types: All entity types will start with a capital letter.

Type Input

Output Input_output
Activity Periodic_function
Data Constant

Comment

* additional entity types may be added at any time

Relations/Attributes All relation/attribute types will start with a
lower case letter.

input output
required_mode necessary_condition
occurrence assertion

action structure

keywords media

type units

subpart_is subpart_of

uses comment

* additional relation/attribute types may be added at any time

These lists of types are not fixed. Additional types may be
defined in the future.
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Syntax Description:

<era_spec> ::=
<era_title> <era_body> <mode_table>

<era_title> ::=
PROCESS : <text>

<era_body> ::=
<frame> | <frame> <era_body>

<frame> ::=
<NL> <NL> <frame_header> <frame_body>
| <NL> <NL> Comment : <text_lines>

<frame_header> ::=
<i_o_data_header> : <i_o_data_name>
| <function_header> : <CAPITAL_WORD>

<i_o_data_header> ::=
Type | Input | Output | Input_output | Data
| Constant | <CAPITAL_WORD>

<function_header> ::=
Activity | Periodic_function | <CAPITAL_WORD>

<frame_body> ::=
<relation> | <relation> <frame_body>

<relation> ::=
<NL_B> <relation_type> : <relation_value>

<relation_type> ::=
keywords | input | output | required_mode
necessary_condition | occurrence | assertion
action | comment | media | structure | type
units | subpart_is | subpart_of | uses | <WORD>

<relation_value> ::=
<text_lines> | <structure>

<structure> ::=
<struct> | <struct> <NL_B> : <structure>

<struct> ::=
<name> | <text> | <name> <structure> | <text> <structure>

<name> ::=
<mode_name> | <i_o_data_name>

<i_o_data_name> ::=
$ <WORD> $
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<mode_name> ::=
* <WORD> *

<mode_table> ::=
<NL> <NL> MODE_TABLE <mode_list> <initial_ mode> <transition_body>

<mode_list> ::=
<mode> | <mode> <mode_list>

<mode> ::=
<NL_B> Mode : <mode_name>

<initial_mode> ::=
<NL> <NL_B> Initial_Mode : <mode_name>

<transition_body> ::=
<NL> <NL_B> Allowed_Mode_Transitions : <transition_list>

<transition_list> ::=
<transition> | <transition> <transition_list>

<transition> ::=
<NL_B> <event> : <mode_name> -> <mode_name>

<event> ::=
<i_o_data_name>
<i_o_data_name> = “ <text> ~
<function_header>

<text_lines> ::=
<text> | <text> <text_cont>

<text> ::=
<WORD> | <WORD> <text>

<text_cont> ::=
<NL_B> : <text> | <NL> : <text> <text_cont>

<NL> ::=
;\nr I .r\n.r <NL>

<NL_B> ::=
<NL> Ls .

- 62 -



LEXICAL SCANNER INFORMATION:

Tokens used in the productions above may begin with <char> or
one of the following characters: *$, :-={}
Blanks can delimit tokens as well.

The fdllowing tokens are important above:
<WORD> :t= <char> | <char> <WORD>
<CAPITAL_WORD> ::= <capital_letter> <WORD>

<char> ::=
<lower_case_char> | <symbol>

<lower_case_char> ::=
alb| ezl O0] 1] ... ]9

<symbol> ::=
#Flelel Cl)2]_

<capital_letter> ::=
A|B| ... |2

There exists a set of "reserved word" tokens which includes:
{keyboard,crt, internal,secondary_storage,NONE, every_mode}
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APPENDIX B - BNF GRAMMAR FOR THIS IMPLEMENTATION

This BNF for Entity-Relationship-Attribute Requirements
Specifications is similar teo the BNF in the preceding appendix.
This BNF is specific to the language used as input to this
implementation. Differences from the preceding appendix are as
follows:

s to promote readability in the report:
<i_o_data_header> has become <i_o_data>
<functzon “header> has become <function>

e these <i_o_data>s have been eliminated:
Type, Data, Constant

o these <relation_type>s have been eliminated:
keywords, occurrence, assertion, action, structure,
type, units, subpart_is, subpart_of, uses
e All lines must have a "left-hand side" (lhs) and a “right-hand side"
(rhs). Thus, the <text_lines> and <text_cont> productions have been
eliminated. This implies that all the lines in a "Comment Frame"
must have the "Comment" keyword
as 8 left-hand side. The loss of these two productions is not
significant to this implementation.

e <relation_value> changes from being <text> with some
potential structure to being a single <WORD>.

e Entities must begin in column 1 with a capital letter.

e Relations must begin after column 1 with a lower case character.
e Both may have any kind of <char> following the first letter.

e <WORD> may contain any type of <char>.

e By convention, <mode>s are all capitals and <i_o_data_name>s
are a2 capital followed by a lower case character or “_°

e NOTE that because of <function>, <i_o_data>
and <relation_type>, this grammar is ambiguous.
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Syntax Description:

<era_spec> :i:=
<era_title> <era_body> <mode_table>

<era_title> ::=
PROCESS : <text>

<era_body> ::=
<frame> | <frame> <era_body>

<frame> ::=
<NL> <NL> <frame_header> <frame_body>
| <NL> <NL> Comment : <text>

<frame_header> ::=
<i_o_data>
| <function>

<1 o_data_name>
<CAPITAL WORD>

<i_o_data> ::=
Input | Output | Input_output | <CAPITAL_WORD>

<function> ::=
Activity | Periodic_function | <CAPITAL_WORD>

<frame_body> ::=
<relation> | <relation> <frame_body>

<relation> ::=
<NL_B> <relation_type> : <relation_value>

<relation_type> ::=
input | output | requlred mode | necessary_condition
| comment | media | <LOWER_CASE_WORD>

<relation_value> ::=
<name> | <WORD>

<name> ::=
<mode_name> | <i_o_data_name>

<i _0_data_name> ::=
$ <WORD> $
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<mode_name> ::=
* <WORD> *

<mode_table> ::=
<NL> <NL> MODE_TABLE <mode_list> <initial mode> <transition_body>

<mode_list> ::=
<mode> | <mode> <mode_list>

<mode> ::=
<NL_B> Mode : <mode_name>

<initial_mode> ::=
<NL> <NL_B> Initial Mode : <mode_name>

<transition_body> ::=
<NL> <NL_B> Allowed_Mode_Transitions : <transition_list>

<transition_list> ::= ;
<transition> | <transition> <transition_list>

<transition> ::=
<NL_B> <event> : <mode_name> -> <mode_name>

<event> i:=
<i_o_data_name>
<i_o_data_name> = ‘ <text>
<function>

td

<text> ::=
<WORD> | <WORD> <text>

<NL> ::=
z\n/ l I\nl <NL>

<NL_B> ::=
<NL> s e
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LEXICAL SCANNER INFORMATION:

Tokens used in the productions above may begin with <char> or
one of the following characters: *$,”:-={}
Blanks can delimit tokens as well.

The following tokens are important above:
<WORD> 1= <char>
| <char> <WORD>
<CAPITAL_WORD> t:= <capital_letter> <WORD>
| <capital_letter>
<LOWER_CASE_WORD> ::= <lower_case_char> <WORD>
| <lower_case_char>
<char> ::=
<capital_letter>
<lower_case_char>
<symbol>

<lower_case_char> ::=
B b ] sen| 2] OFV ] s | 9
<symbol> ::=
#

<capital_letter> ::=
A|B| ... |2

el CID 2]

There exists a set of "reserved word" tokens which includes:
{keyboard,crt, internal,secondary_storage,NONE,every_mode}

o BT =



APPENDIX C - ERA SPECIFICATION FOR THE CHESS PROCESS

PROCESS : Requirements specification for the chess program

Comment : as of 6/25/84 1:40 in ksuB832:/usrb/we/era

Comment : comment on specification:

Comment : Not all of the activities necessary for this program to
Comment : be implemented are included in this description. Some
Comment : activities are not included if their activities were

Comment : determined by the other activities. The activity of
Comment : interpreting the user’s command was not included.

Type : Spiece$
structure : a string from the set {Kr,Xk,Kb,KX,Q,Qb,Qk,Qr,p}

Type : S$rank$
structure : a string from the set {1,2,...8}

Type : Sposition$
structure : Spiece$ Srank$

Type : Spiece_position$
structure : Spiece$ “,” $position$

Type : $board_matrix$
structure : array[1..8,1..8] of $piece$ OR “ -

Input : $board_description$
media : keyboard
structure : ‘white’ set of Spiece_position$
structure : “black’ set of Spiece_position$
structure : “end’

Input : $Sname_of_game$
media : keyboard
structure : 1 to 20 alphanumeric characters

Input : Snew_user_input$
media : keyboard
structure : any string

Input_output : $stored_board$
media s secondary storage
structure : information to recreate the board configuration

Schess_board$
internal
$board_matrix$

Input_output
media
structure

as o se
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Comment : This page contains those Input entities which are
Comment : directly related to a2 command which the user of
Comment : the chess game might enter. (As opposed to Input
Comment : data which is not a command, ie: Sname_of_game$)

Input : Smove$
media : keyboard
strfucture : ‘m’ $position$ “-“ Sposition$

Input : $display_board$
media : keyboard
structure : “display”

Input : $create$
media : keyboard
structure : “create’

Input : Sconcede$
media : keyboard
structure : ‘concede’

Input : Sstore$
media ¢ keyboard
structure : ‘store’ Sname_of_game$

Input : Sretrieve$
media : keyboard
structure : ‘retrieve’ $name_of_game$

Comment : The remaining Input entities are “pseudo commands”
Comment : intended to aid in manually exercising

Comment : Periodic_functions. The entities were named by
Comment : switching the first and last words so as not to
Comment : cause name collisions with the Output entities

Input : Smate_stale$
media : keyboard
structure : “stalemate”

Input : $limit_time$
media : keyboard
structure : “time_limit”’

Input : Sout_time$
media : keyboard
structure : “time_out”

Input : $check_input$
media : keyboard
structure : “input_check”’

Comment : 1 Input entity above is unused.
Comment : 1 Input entity is omitted.
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Output : S$status$
media :crt
structure : string from the set {‘your move’,“check’,
structure : “checkmate”,’concede’}

Output : Sboard_display$
media : crt
structure : visually oriented display of current chess board

Output : $syntax_errors$
media 3 ert
structure : <cr> “illegal, try again”

Output : Sstore_message$
media : crt
structure : “board stored”
structure : “storage failed”

Output : Sretrieve_message$
media : crt
structure : Sname_of_game$ ‘retrieved’
structure : “retrieval failed”

Output : $stalemate$
media : crt
structure : “stalemate occurred”

Output : Stime_warning$
media : ert
structure : “this is a warning - 5 minutes elapsed”

Output : Stime_out$

media : ert

structure : “too much time - game over”
OQutput : Smove_message$

media : ert

structure : <cr>

structure : “illegal_move’

Output : Scomputer_move_message$

media t crt .
structure : ‘computer moves from’ $position$ “to” Sposition$
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Activity : Initialize_board

keywords ¢ Standarc_board,Initialize,Place_pieces
input : NOXNE

output : Schess board$

required_mode : *START™

necessary_condition : $start$

assertion : The output board is a correct
assertion : representation of the standard
assertion : starting configuration for chess

Activity : Create_special_board

keywords t Assign_positions,Place_pieces
input ¢ Sboard_description$
output : Schess board$

required_mode : *START*
necessary_condition : Screate$

Activity : Store_board

keywords : Store_game_status,Save_board

input : Sname_of_game$

input : Schess_board$

output : Sstore_message$

required_mode : *NORMAL*

necessary_condition : $store$

assertion : game is stored in file “$name_of_game$~’

Activity : Retrieve_board

keywords : Retrieve_board

input : Sname_of_ game$

output : Schess_board$

output : Sretrieve_message$
required_mode t *START*

necessary_condition : Sretrieve$

assertion : Retrieves game stored in file
assertion : “Sname_of_gameS$” if successful

Comment : 1 Input item above is related tc more than 1 other entity
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Activity : Validate_user_move

keywords : Check _move,Check m_status,Move_validation

input : Schess boardS

input : Smove$

output : Smove_message$

required_mode : *NORMAL*

assertion ¢ If the move is illegal.

assertion : the mode changes to *ILLEGAL*
Activity : Computer_uove

comment : used to be Move

keywords ¢ Select_move,Select_status

input : Schess _board$

output : Schess boardS

cutput : Scomputer_move_message$

output : Sstatus$

required_mode : *NORMAL*

action : mode may change to *END* )

action ¢ if Sstatus$ = “checkmate’ OR ‘concede’
Activity : Update_board

keywords : Update_position,Update_status

input : $chess_board$

input : Smove$S

output : Schess_board$

required_mode : *NORMAL*
Activity : Display_ board

keywords : Display .

input : Schess_board$

output : Sboard_ dlsplays

required_mode : *NORMAL*

required_mode : *END*

necessary_condition : $display_board$

Comment : 1 Input item above is related to more than 1 other entity
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Comment : for simplicity, pseudo Input entities exist to manually
Comment : exercise these Periodic_functions.

Periodic_function : Stalemate

required_mode : *NORMAL*

occurrence : whenever a configuration is repeated 3 times
input : Smate_stale$

output : Sstalemate$

action : change mode to *END*

Periodic_function : Time_ Limit
required_mode : *NORMAL*

occurrence : whenever the user response time > 5 minutes
input ¢ Slimit_time$

output : Stime_warning$

action ¢ NONE

Periodic_function : Time_Out
required_mode : *NORMAL*

occurrence : whenever the user response time > 10 minutes
input : Sout_time$
output : Stime_out$

action change mode to *END*

Periodic_function : Input_Check
required_mode : every_mode

occurrence : whenever user input does not match syntax
input : Scheck_input$

output : Ssyntax_error$

action : change mode to *ILLEGAL¥
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MODE_TABLE
Mode : *ILLEGAL*
Mode : *NORMAL*
Mode *START™®
Mode : *END*

Initial_Mode : *START*

Allowed Mode_Transitions :
Screated

Sstart$

Sretrieve$

Sstatus$ = {‘checkmate’,“concede’}

Sstalemate$
Stime_out$

$Smove_messageS = {“illegal_move’}

$syntax_error$
$syntax_error$
$syntax_error$
$new_user_input$
$’<er>’$

Comment

e

a8 as

*START* -> *NORMAL*
*START* -> *NORMAL*
*START* -> *NORMAL*

*NORMAL* -> *END*
*NORMAL* -> *END*
*NORMAL* -> *END*

*NORMAL* -> *ILLEGAL*
*NORMAL* -> *ILLEGAL*
*START* -> *ILLEGAL¥
*END* -> *ILLEGAL¥

*ILLEGAL* -> *NORMAL¥*

*END* -> *START*

2 of the above transitions are unfirable.

Comment : 3 of the above transitions cause mode indeterminacy.

Comment
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APPENDIX D - PETRI NET GRAPH OF THE CHESS PROCESS
The following transitions correspond to the graph on the next page:
1. T_INIT

2. -Initialize_board
INVOKES ( Schess _board$ = Initialize_board ( ) )

3. Create_special_board
INVOKES ( Schess_board$ = Create_special board ( ) )

4. Store_board
INVOKES ( Store_board ( Schess_board$ ) )

5. Retrieve_bcard
INVOKES ( Schess_board$ = Retrieve_board. ( ) )

6. Validate_user_move
INVOKES ( Validate_user_move ( Schess_board$ ) )
if Smove message$ in {“iIllegal move’} then *ILLEGAL*

7. Computer_Move
INVOKES ( Schess_board$ = Computer Move ( Schess board$ ) )
if Sstatus$ in {“checkmate”,’concede’} then *END¥

8. Update_board
INVOKES ( $chess_board$S = Update_board ( $chess_board$ ) )

9. Display board_ *NORMAL*
INVOKES ( Display board ( $chess_board$S ) )

10. Stalemate
WHEN ( a configuration is repeated 3 times )

11. Time_Limit
WHEN ( the user response time > 5 minutes )

12. Time_Out
WHEN ( the user response time > 10 minutes )

13. Display_board_*END*
INVOKES ( Display_board ( Schess_board$ ) )

14, Input_Check_ *ILLEGAL*
WHEN ( user input does not match syntax )

15. Input_Check_*NORMAL*
WHEN ( user input does not match syntax )

16. Input_Check_ *START*
WHEN ( user input does not match syntax )

17. 1nput_Check_*END*
WHEN ( user input does not match syntax )
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APPENDIX E - PNL CODE FOR THE CHESS PROCESS

# > INITial Transition:
4

. INIT OUTPUT TO ( *START* )

v

PLACEs:

i
*START™
: PLACE OUTPUT TO ( Initialize_board, Create_special_board,
Retrieve_board, Input_Check *START* )

# Entity undefined by user: default values assumed:
Sstart$
: PLACE OUTPUT TO ( Initialize_board )

*NORMAL™*
: PLACE OUTPUT TO ( Store_board, Validate_user_move,
Computer Move, Update “board,
Display board *NORMAL¥, Stalemate,
Time_Limit, Time _Out,
Input_ Check *NORMAL* )

Screate$
: PLACE OUTPUT TO ( Create_special_board )

$board_description$
: PLACE OUTPUT TO ( Create_special_board )

$store$
: PLACE OUTPUT TO ( Store_board )

$name_of_game$
: PLACE OUTPUT TO ( Store_board, Retrieve_board )

Sstore_message$
: PLACE OUTPUT TO ( T_TERM_Sstore_message$ )

Sretrieve$ '
: PLACE OUTPUT TO ( Retrieve_board )

$retrieve_message$
:+ PLACE OUTPUT TO ( T_TERM_Sretrieve_message$ )

Smove_messageS$
: PLACE OUTPUT TO ( T_TERM_Smove_message$ )

Smove$
: PLACE OUTPUT TO ( Validate_user_move, Update_board )

# No entity directly references this mode:
*ILLEGAL*
: PLACE OUTPUT TO ( Input_Check_*ILLEGAL* )

Scomputer_move _message$
: PLACE OUTPUT TO ( T_TERM_Scomputer_move_message$ )
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$status$
: PLACE OUTPUT TO ( T_TERM $status$ )

*END*
: PLACE OUTPUT TO ( Display_board_*END*, Input_ Check_ *END* )

$display_boards$
: PLACE OUTPUT TO ( Display_board_*NORMAL*,
Display_board_*END* )

Sboard_display$
: PLACT OUTPUT TO ( T_TERM_Sboard_display$ )

Smate_staie$
: PLACE OUTPUT TO ( Stalemate )

Sstalemate$
: PLACE OUTPUT TO ( T_TERM Sstalemate$ )

$limit_time$
: PLACE OUTPUT TO ( Time_Limit )

$time_warning$
: PLACE OUTPUT TO ( T_TERM_S$time_warning$ )

Sout_time$
: PLACE OUTPUT TO ( Time_Out )

Stime_out$
:” PLACE OUTPUT TO ( T_TERM_Stime_out$ )

Scheck_input$
: PLACE OUTPUT TO ( Input_Check *ILLEGAL*
Input_Check *NORMAL¥*,
Input_Check *START*,
Input_Check *END* )

Ssyntax_error$
: PLACE OUTPUT TO ( T_TERM Ssyntax_error$ )

# > function TRANSitions:
- WARNING: value of ‘necessary_condition’ is undefined
Initialize_board
: TRANS OUTPUT TO ( *NORMAL* )
INPUT FROM ( $start$, *START* )
INVOKES ( $chess_board$ = Initialize_board ( ) )

Create_special_board
: TRANS OUTPUT TO ( *NORMAL* )
INPUT FROM ( Screate$, Sboard_description$, *START* )
INVOKES ( S$chess_board$ = Create_special_board ( ) )

Store_board
: TRANS OUTPUT TO ( $store_message$, *NORMAL* )
INPUT FROM ( SstoreS, Sname_of_game$, *NORMAL* )
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INVOKES ( Store_board ( $chess_board$ ) )

Retrieve_board
: TRANS OUTPUT TO ( Sretrieve messag-,, *NORMAL* )
INPUT FROM ( Sretrieve$, Sname_of game$, *START* )
INVOKES ( Schess_board$ = Retrieve_board ( ) )

Val1date user_move
: TRANS OUTPUT TO ( Smove_message$, *NORMAL* )
INPUT FROM ( Smove$, *NORMAL* )
INVOKES ( Validate_user_move ( Schess_board$ ) )
if $move_messageS in {“illegal move’} then *ILLEGAL*

Computer_Move
: TRANS OUTPUT TO ( Scomputer_move_message$, $status$, *NORMAL* )
INPUT FROM ( *NORMAL* )
INVOKES
( Schess_board$ = Computer Move { Schess board$ ) )
if Sstatus$ in {‘checkmate’,’concede’} then FEND*

Update_board
: TRANS OUTPUT TO ( *NORMAL* )
INPUT FROM ( $move$, *NORMAL* )
INVOKES
( Schess_board$ = Update_board ( S$chess_board$ ) )

Display_board_*NORMAL¥
: TRANS OUTPUT TO ( Sboard_display$, *NORMAL* )
INPUT FROM ( Sdisplay_board$, *NORMAL* )
INVOKES ( Display_board ( $chess_board$ ) )

- WARNING: don’t use “input’ relations in Periodic_functions
Stalemate
: TRANS OUTPUT TO ( S$stalemate$, *END* )
INPUT FROM ( Smate_stale$, *NORMAL¥ )
WHEN ( a configuration is repeated 3 times )

- WARNING: don“t use “input”’ relations in Periodic_functions
Time_Limit
T TRANS OUTPUT TO ( Stime warning$, *NORMAL* )
INPUT FROM ( Slimit_time$, *NORMAL¥* )
WHEN ( the user response time > 5 minutes )

- WARNING: don’t use “input” relations in Periodic_functions
Time_Out
* TRANS OUTPUT TO ( $time_out$, *END* )
INPUT FROM ( Sout_ txmeS *NORMAL* )
WHEN ( the user response time > 10 minutes )

Display_board_*END*
: TRANS OUTPUT TO ( $board_display$, *END* )
INPUT FROM ( Sdisplay_board$, *END* )
INVOKES ( Display_board ( $chess_board$ ) )

- WARNING: don’t use “input’ relations in Periodic_functions
Input_Check_*ILLEGAL*
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: TRANS OUTPUT TO ( $syntax_errorS$, *ILLEGAL* )
INPUT FROM ( Scheck 1nput$. *ILLEGAL* )
WHEN ( user input does not match syntax )

~ WARNING: don‘t use “input’ relations in Periodic_functions
Input_Check_*NORMAL*
: TRANS OUTPUT TO ( $syntax_error$, *ILLEGAL* )
INPUT FROM ( Scheck_input$, *NORMAL* )
WHEN ( user input does not mstch syntax )

- WARNING: don“t use “input”’ relations in Periodic_functions
Input_Check_*START¥
:  TRANS OUTPUT TO ( $syntax_error$, *ILLEGAL* )
INPUT FROM ( Scheck_input$, *START* )
WHEN ( user input does not match syntax )

- WARNING: don“t use “input’ relations in Periodic_functions
Input_Check_*END*
:  TRANS OUTPUT TO ( $syntax_error$, *ILLEGAL* )
INPUT FROM ( $check_input$, *END* )
WHEN ( user input does not match syntax )

> TERMinal Transitions:
T_TERM_S$store_message$
: TERM INPUT FROM ( $store_message$ )

T_TERM_Sretrieve_message$
: TERM INPUT FROM ( S$Sretrieve message$ )

T_TERM_Smove_messageS
: TERM INPUT FROM ( Smove_message$ )

T_TERM $cnmputer move_message$
: TERM INPUT FROM ( Scomputer_move message$ )

T_TERM_$status$
: TERM INPUT FROM ( S$status$ )

T_TERM_Sboard_display$
: TERM INPUT FROM ( $board display$ )

T_TERM $stalemateS$
: TERM INPUT FROM ( $stalemate$ )

T _TERM_Stime_warning$
: TERM INPUT FROM ( $time warning$ )

T_TERM_S$time_out$
TERM INPUT FROM ( Stime out$ )

T_TERM $syntax_error$
: TERM INPUT FROM ( $syntax_error$ )
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APPENDIX F - DIAGNOSTIC AND ERROR MESSAGES
Fatal Errors and Diagnostic Warning messages in the SCAN MODULE

All of the following errors occur during the scanning of the ERA
Requirements Specification file, and the storing of its contents
in the Symbol table "SYMTAB" and Function table "FUNTAB"

> fatal ERRORs in scan.c
ERROR ( "FUNCTION names begin with a capitol letter" );
for example: Recreate_board

ERROR ( "I_O _DATA names are delimited by “$‘ signs");
for example: $status$

ERROR ( "MODE names are delimited by “*‘ signs");
for example: *START*

ERROR ( "failed to match “<lhs> : <rhs>’" );
ALL lines of significance in an ERA
specification must be of the form:
"left_hand_side" : "right_hand_side"

ERROR ( "MODE_TABLE not encountered" );
a MODE_TABLE section must occur between the
list of entities and the end of the ERA
specification file.

ERROR { "No PROCESS line in specification" );
2 PROCESS line must be the first line in
an ERA specification.

ERROR ( "illegal: <NL> <relation_line>" );
it is an error to preced a relation line
with a newline.

ERROR ( "Entity must follow blank line" );
it is an error to not have a blank line
preceding an entity.

ERROR ( "only used in Activity entities" );
refers to the use of a "necessary_condition" keyword
in Periodic_functions.

ERROR ( "only used in Periodic_function entities" )H
refers to the use of the "occurrence"
keyword in Activities.

ERROR ( "illegal: <entity line> <NL>" );
it is an error for a newline to follow an
entity line. relations are expected to
follow entity lines. .

ERROR ( "internal error" );

usually caused by an invalid case in
a switch statement
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> Diagnostics issued from scan.c

st_warn ( "don‘t use ‘input’ relations in Periodic_functions" ):

PNL WARNING: Periodic_functions are not
supposed to take input from the keyboard.

Fatal Errors and Diagnostic Warning messages

in the TRANSLATOR module

> fatal ERRORs in translate.c

ERROR (

ERROR (
ERROR (

ERROR
ERROR

N

ERROR (

ERROR
ERROR
ERROR
ERROR

ERROR (

ERROR (

ERROR (

"can‘t open PNL_FILE for writing" );
the PNL_FILE is where the translator
puts PNL instructions.

"places table overflow" );
"trans table overflow" );
indicates a part of the entity graph has been exhausted.

"max # of input indices = 25" );

"max # of output indices = 25" );

a node in the entity graph exceeds the maximum number of
input or output arcs.

Recompile, after increasing INPUT_MAX or OUTPUT_MAX.
"symbol table overflow" );

SYMTAB has become exhausted.

"max # of symbol suffixes = 1" );

"max # of sym_class values = 1" );

"max # of sym_idx‘s = 1" );

"Max # of comment strings = 1" );

These messages list the maximum number of relations
of a given type which are allowed in a function.

"Attempt to add duplicate to Mode_list" );
A mode is listed more than once in the list of
Modes, in the first part of the MODE_TABLE

"Initial_Mode isn’t referenced by any entity" );
Because of this, the net can not be activated.

"Initial_Mode isn‘t in the Mode_list" );
The Hode list must contain ALL of the Mode names.

> Diagnostics Lssued from T symtab c

st_comment ( "No entity directly references this mode™ );

if a Mode occurs in the Mode_list, (in MODE_TABLE), but is
not yet in SYMTAB, then it has not yet been referenced by
any entity.

ERROR (

ERROR (

> fatal ERRORs in T_symfun.c

"media: only valid for I_O_DATAs" );

a media relation has been found in an entity other than
an Input, Output or Input_output entity

"media not found in media table" );
the value of the media keyword is not "crt", "keyboard", etc.
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ERROR ( "max # of media values = 1" );

ERROR ( "max # of annotations = 1" );
These messages list the maximum number of relations of a given
type which are allowed in a function.

> Diagnostics issued from T_symfun.c
st_comment ( "Entity undefined by user: default values assumed" );
st warn ( "value of “%s’ is undefined" );
An "orphaned" entity is referenced, but never defined. It is
given default characteristics, so that processing may continue.
A comment is placed in this default definition, and a warning
is issued to the function which
references this undefined orphan.

> fatal ERRORs in T_funtab.c
ERROR ( "function table overflow" );
FUNTAB has become exhausted

ERROR ( "max # of p_or_a values = 1" );
ERROR ( "Max # of 'necessary_cnndition’ keywords = 1" );
ERROR ( "Max # of “input” keywords = 3" );
ERROR ( "Max # of ‘output’ keywords = 3" );
ERROR ( "Max # of ‘req_mode’ keywords = 3" );
ERROR ( "max # of ‘next_mode’ keywords = 1" );
ERROR ( "Max # of annotatlons = 1" );
ERROR ( "Max # of warning strings = 1" );
These messages list the maximum number of relations
of a given type which are allowed in a function.
ERROR ( "necessary_condition: only valid for Activity" );
ERROR ( "input: only valid for FUNCTIONs" ):
ERROR ( "output: only valid for FUNCTIONs" );
ERROR ( "required mode: only valid for FUNCTIONs" );
ERROR ( "occurrence: only valid in Periodic function" );
ERROR ( "warn: only valid for FUNCTIONs" );

The indicated keyword can only occur in
certain types of entity.

ERROR ( "occurrence : whenever “expr’" );
The occurrence relation has the given format.

> fatal ERRORs in T print.c

ERROR ( "First entry in trans[] must be P_INIT" );
The first entry in the transition table (which is part of
the entity graph) must be the value of Initial_ Mode.

rname, D_ERROR, "can’t open TABLES_FILE (see files.h)" );
rname, D_ERROR, "closing Tab_fp" );

These error messages are related to opening and closing
the file which contains an internal dump of tables.

debug
debug

o~
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APPENDIX G - RUNNING THE IMPLEMENTATION

T # The following is a sample run of the implementation:
¥ make

rm —§ FP.t»
F
Enter '?° for a Help message

i SR

Enter one of the followingt

a - gquit this session

<gcr> - fire a transition

o - change Interpreter options
d - dump the Fetri net

? - print this help message

> o

Enter an option, or ‘7' for helps t

Tracing turned ON

Enter an option, or ‘?" for help: g

Returning to Interpreter

> .

0f Thitialize_board : INVOKES ( fchess_board$ = Initialize_board ( ) )

1: Lreate_special _board : INVOLES ( fchess_boardf = [reate_special _beard ¢ 1
2: Retrieve_board : INVOEES ( Fchess_board? = Retrieve_board ( ) )

3t Input_Check #START# § WHEN { user input does not match syntax )

Enter the number of the transition to be fired: O
FIRING menu item # O
Initialize_board : INVOIES ( fchess_boardf = Initialize_board ( ) )

FIRING TERMinal transitions:
{none)
>4
Numping the Petri Net
bag FLACE
1 *NDRMAL =
enabled Function TRANSitions:
Computer_Move : if 3status$ in {‘'checimate’, concede ] then *EnMDs
INVOFES ( $chess_board® = Computer_Move ( fchess_btoardf ) )

enabled TERMinal transitjons:

{none}

almost enabled Function TRANSitions:

Store_board : INVOIES ( Store_board ( fchess_board# ) )

Validate_user_move : if fmove_messaged in ('illegal move '} then #ILLEGAL®
INVOKES { Validate_user_move ( Schess_boardf ) ) *

Computer_Move @1 if $status? in {‘checkmate’, ‘concede’} then #EN[e
INVOFES { #chess_boardf = Computer _Move ( $chess_board?® ) )

Update_board : INVOFRES ( $chess_boards = Update_board ( fchess_board? |

Dieplay_board_#NORMAL® : INVOKES ( Display_board ( fchess_board# ) )

Stalemate : WHEN ( a configuration is repeated 3 times )

Time _Limit : WHEN ( the user response time 3 S minutes )

Time_OCut : WHEN ( the user response time > 10 minutes }

Input_Check_sNORMAL® : WHEN ( user input does not match syntax )

>

ns Lomputer_Move 1 if fstatusf® in {‘checkmate’, ‘concede’'} then stND»
INVDKES { #chess_board$ = Computer Move ( fchess_hoard:i ) )
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Enter the number of the transition to be fired: ©

FIRING menu {tem # O: _—

Computer_Move : if $statusf in { checkmate’','concede’'} then SEND»
INVOKES ( $chess_boerdf = Computer_Move ( $chess_board® ) )

FIRING TERMinal transitions:

T_TERM_fcomputer_move_messaget 1 INFUT FROM ( fcomputer_move_messagel )
T_TERM_$status® : INFUT FROM ( $status® )

0 Computer_Move : if fstatus# in {‘'checkmate’',’ 'concede’} then <END+
INVOKES ( $chess_boardf = Computer_Move ( fchess_boardf ) )

Enter the number of the transition to be fired: 0O

FIRING menu item # Oz

Computer_Move t 1f Sstatus$ in {'checkmate’, 'concede’'} then *EMD+
INVOEES ( $chess_boardf = Computer_Move ( fchess_boardf 7 )

FIRIME TERMinal transitions:
T_TERM_Scomputer_move_message$ ¢ INFUT FROM ( fcomputer_move_messaget )
T_TERM_$status$ ¢ INFUT FROM ( fstatust )

Ry
0t Computer_Move : it $status? in (‘checkmate’, concede’')} then <ENDs
INVOFES ( #chess_board¥® = Computer_Move ( fchess_boardf ) !

Enter the number of the transition to be fired: O

FIRING menu item # O;

Computer_Move t if Fstatusf in {'checimate’ ', ‘concede’'} then sEMD=
INVOFES ( f¥chess_boardf = Computer_Move ( fchess_board$ ) )

FIRING TERMinal transitions:

T_TERM_Scomputer _move_messagef : INFUT FROM ( fcomputer_move_message! )

T_TERM_¥status?® : INPUT FROM ( Fstatus¥ )

by

0: Computer_Move @ i¥ Sstatus¥ in { 'checkmate’, ‘concede’'} then »EMNDs
INVOKES { fchess_board$ = Cosputer_Move ( $chess_boardf® )

Enter the number of the transition to be fired: o

FIRING menu item # O

FAFSIFEFR ISR FRPEAERERSE

Fotential Net Starvation!

1Turn Starvation Defeat ON

SERHFF AN AER A RFFRERRERNED

Computer Move : if $status# in {’'checkmate’, 'concede’} then &ENDe
INVOKES ( #chess_board$# = Computer_Move { #chess_board# )

FIRING TERMinal transitions:

T_TERM_fcomputer _move_messagef 1 INFUT FROM ( $computer move_messagef )

T_TERM_$status¥ 1 INFPUT FROM ( $statuss$ )

>0

Enter an option, or "7° for help: "false input”

Enter ‘?‘ for a Help message

Enter an option, or "7’ for help:_s

Starvation defeat ON

Enter an pption, or '?° {for help: q

Feturning to Interpreter -

>

0 Computer_Move t if $status$ in { 'checkmate ', concede’) then #END+
INVOFES ( $Schess_board$ = Computer_Move ( fchess_toards } )

1: Store board t INVOKES ( Store_board ( fchess_board¥ ) )

2: Validate_user_move : if fmove_messagef in (’illegal_move'} then »ILLEGAL®
INVDKES ( Validate_user _move ( fchess_boardf ) )

¥: Computer_Move : i+ $status¥ in { checkmate', concede’'} then *ENDs
INVOKES ( $chess_board$ = Computer_Move ( Schess_board?® ) )

4; Update_bpard : INVOFES ( $chess_board$ = Update _board ( $chess_boardi Y )

St Display_board_=NORMAL® : INVOKES ( Display_board ( fchess_boards }

&: Stalemate : WHEN ( a configuration is repeated 3 times )

7: Time Limit 3 WHEM ( the user response time > 5 minutes )

@: Time OQut : WHEN ( the user response tims > 10 minutes )

9 1npu€,nae:k_mnmu 1 WHEN ¢ user input does not match syntax )

Enter the number of the transition to be fired: S
FIRING menu item # S:
Display _board_sNORMAL® 1 INVOKES ( Display_board ( $chess_board# } )

FIRING TERMinal transitionss )
T_TERM_zhoard_display® 3 INPUT FROM ( fboard_display$ )

>q
Boodbye.
s

E
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: & Tha ﬂ:lluuing is a sample run of the implementation:
mak e

rm —f P.t»
P
Enter ‘7?7’ for a Help message
22,
Enter one of the following:
q - guit this session
<cr> - fire a transition
o - change Interpreter options

d - dump the Petri net
? - print this help message

>
0: Initialize_board : INVOKES ( fchess_boards$ = Initialize_board ( ) )

1: Create_special _board : INVOKES ( $chess_boardf = (Create_special_board ¢

2: Retrieve_board : INVOFES ( $chess_boardf = Fetrieve_board ( ) )
I: Input_Check_#START# : WHEN ( user input does not match syntax )

Enter the number of the transition to be fired: 2
FIRING menu item # 2:

FIRING TERMinal transitions:
1_TERM_sretrieve_message$ : INPUT FROM ( $retrieve_messagef )

3

FIRING TERMinal transitions:

T_TERM_scomputer _move_messagef t INFUT FROM ( fcomputer_move_message?
T_TERM_sstatuss : INFUT FROM ( $statust )

FIRING TERMinal transitions:
T_TERM_fcomputer_move_messagef : INFUT FROM ( fcomputer_move _message¥
T_TERM_fstatus®¥ 1 INFUT FROM ( fstatus¥ )

FIRING TERMinal transitions:
1_TERM_fcomputer _move_messagef : INFUT FROM ( fcomputer_move_message!
T_TERM_Sstatus? 3 INFUT FROM ( $statuss )

.::::nnoiﬂuiqliiuiia'

Fotential Net Starvation!

Turn Starvation Defeat ON

FSSRFEIFRERREFRSFEERRTEDS

FIRING TERMinal transitions:

T_TERM_fcomputer _move_messagef : INFUT FROM ( Scomputer move_messagef

T_TERM_fstatus¥ ; INFUT FROM ( fstatusi )

> o

Enter an option, or ‘7' for help: s

Starvation defeat ON

Enter an option, or '7?’' for help: g

Returning to Interpreter I

>—

0: Computer_Move t if fstatusf® in { 'checkmate’, 'concede’ )} then #ENDs
INVOKES ( #chess_board$ = Computer_Move ( #chess_boardf ) )

it Store_board : INVOKES ( Store_board ( fchess_boardf ) )

Z: Validate_user _move t if fmove_messagef in {"illegal _move’'} then sILLEGAL=

INVOKES ( Validate_user_move ( fchess_boardf ) )
Tt Computer_Move : if $status®¥ in ('checkmate’, 'concede’} then *END=
INVOKES ( $chess_board$ = Computer_Move ( fchess_boardf ) )

41 Update_board 1 INVOKES ( fchess_board® = Update_board ( fchess_hoardt
%: Display_board_sNORMAL®* : INVDIES ( Display_board ( ichess _bpardt 1'

t: Stalemate 31 WHEN ( a confiquration i1s repeated 5 times )
7: Time_Limit ¢ WHEN ( the user response time > 5 minutes )
Bt Time_Out ¢ WHEHN { the user response time > 10 minutes )
91 Input_Check_sNORMAL® : WHEN ( user input does not match syntax )

Enter the number of the transition to be fired: !
FIRING menu item ¥ 1:

FIRING TERMinal transitions:
T_TERM_#store_message$ : INPUT FROM ( $store messages® )

) g
Goodbye.
£
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APPENDIX H -

SOURCE CODE LISTINGS

The following files are the source for this implementation.
Files ending in ".c" are the C-language source code.

Files 'ending in ".h" contain constant definitionms.

Files ending in ".i" contain table declarations.

The source files are listed in this order:

1. Makefile - controls compilation and execution
2. main.c - MAIN module: uses TRANSLATE
INTERPRET
3. scan.c - SCANNER module: uses INPUT
TABLES
4. translate.c — TRANSLATOR module: uses SCANNER
TABLES
5. interpret.c - INTERPRETER module: uses TABLES
6. T_symtab.c - TABLES module: (symbol table)
7. T_symfun.c - TABLES module: (symbol/function tables)
8. T_funtab.c - TABLES module: (function table)
9. T_print.c - TABLES module: (print the tables)
10. input.c - INPUT module:
11. debug.c - DEBUG module:
12. project.h - common definitions: used by all files
13. files.h - input/output file names
14. T_tables.h - common definitions: used by TABLES module
15, debug.h - debugging trace levels
16. T_tables.i - common declarations: used by TABLES module
17. T_pnltab.i - PNL tables: used by TABLES module
18. T_symtab.i - symbol table used by TABLES module
19. T_funtab.i - function table used by TABLES module

o



Wed Nov 21 11:30:02 1884 Makefile

EXEC = P

HDRS = project.n files.h T_tables.h depug.h

INCS = T_tables.i T_pnitab.i T_symtab.i T_funtab.i
SRCS = main.c scan.c translate.c interpret.c \

T_symtap.c T_symfun.c 7_funtab.c T_print.c input.c debug.c
OBJS = ma2in.c scan.o translate.o interpret.o \
T_symtab.o T_symfun.o T_funtab.oc T_print.o input.co deoug.o

SO AWM -

9 # ALL PROJECT SPECIFIC INFORMATION PRECEDES THIS LINE
10 # THE REMAINDER OF THIS FILE IS PURE GENERIC Makefile

12 CFLAGS = =g
13 TMP = /usr/tmp/bcg. ‘date "+%m.%d,¥H""

15 run : $(EXEC)

16 rm -f $(EXEC).t™

17 -$(EXEC)

189 S(EXEC) : tags $(08JS)

20 cc -o ${EXEZ) $(0BJS)

22 save . Save dependencies

23 cp S(SRCS) S(HDRS) S(INCS) Makefile .save

24 make nusend FILE=$(TMP)

26 nusend :

27 (ed ..: find P R =print | cpic -cacB > $(FILE))

28 sync

29 1s =1 fusr/tmp/beg.”

30 if [ ‘uname -n' != "grux2* ]: \
31 then A\
32 nusend -d drux2 $(FILE): 5\
33 fi

34 if [ ‘uname -n' != "drux3" ]}: \
35 then \
36 nusend -d drux3 S(FILE); \
37 fi

38 if [ ‘uname -n' != °"drucr* }: \
39 then \
40 nusend -d druor ${(FILE): \
41 fi

43 stats :

44 ewc S$(SRCS) $(HDRS) S(INCS) Makefile > $(EXEC).stats

45 secho "\nYou have written® ‘cat tagsjwc -1' "routines. in® \
46 ‘cat S({SRCS) $(HDRS) S(INCS) M™ | we -1* "lines.” \
47 | tee -a S(EXEC).stats

489 lint : S(EXEC).lint

S0 more S(EXEC).lint

52 S(EXEC).lint : S(SRCS) $(HDRS) $(INCS)

53 lint $(SRCS) > S(EXEC).lint

85 ksuprint :

56 xecl -y ksu -f nonole Makefile $(SRCS) $(HDRS) $(INCS)

58 print : stats 1int save

58 xcl -y ksu Makefile $(SRCS) ${HDRS) S({INCS) S{EXEC).[zp1!™
61 print.more : stats $(EXEC).lint

62 cflow S(SRCS) > S({EXEC).cflow

63 ~gxref -¢ -t ${SRCS) S(HDRS) S{INCS) > $(EXEC).cxref

64 xcl -y ksu S(EXEC).™

66 tags : S(SRCS)

87 ctags $(SRCsS) &

69 clean :

70 rm -f .o ${EXEC) core

72 .save :

73 -mkdir .save .bak1! .bak2

75 sane :

76 stty sane erase \b kill & echoe
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wWed Nov 21 11:30:02 1984 Makefile

78 # Commanas tCc set up header gependencies automatically in Makefile:
79 = grep outputs lines from 1 or more ¢ language files like this:

B8O foo.c:finclude "bar . h*
81 # These 'ines (ang NOT lines like "fincluoe <stdic.h>") become:
82 «» foc.0: bar.n

B3 # These resulting 1i1nes are put at the end of Makefile.
84 # NOTE: use VPATH (defimeg in .profile) if header files are not in °.":

85 » VPATH = :SHOME/usr/include:$PROJ/incluae ; export VPATH
87 dependencies : .save

as secho "\tRecreating Makefile dependencies...®

89 ecp Makefile .save/oMakefile

80 @ecno °/~# HEADER DEPENDENCIES FOLLOW/+1,8%d\nw’ | ed - Makefile
a1 @ecnc ‘F '‘cate* >> Makefile

a2 agrep ‘~“#include’ $(SRCS) S(HDRS) S(INCS) /dev/null \

a3 sed ‘s/: [T N([~"1=\) L5 N\ \

84 sed ‘/<.®>/d’ \

as sed 's/\.c/.0/’ \

86 sort >> Makefile

a7 eecho "# DD NDT PUT ANYTHING BELOW THIS LINE!" >> Makefile

88 ~ HEADER DEPENDENCIES FOLLOW:
100 » Tue Nov 20 16:58:38 MST 18842

101 T_funtab.o: T_funtap. i
102 T_funtab.o: T_tables. i
103 T_print.o: T_funtab. i
104 T_print.o: T_pnitab.i
105 T_print.o: T_symtab.i
106 T_print.o: T_tables.i
107 T_symfun.o: T_funtab.i
108 T_symfun.o: T_symtab.i
109 T_ _symfun.o: T_tables.i
110 T_ _symtab.o: T _sSymtab.i
‘411 T_symtap.o: T taples.i
112 T_tables.i: T tables.h
113 T taples.i: dﬂbug.h

114 T_taples.i: files.h

11§ T_taples.i: project.h
116 acebug.o: project.hn
117 input.o: debug.h

118 input.o: project.hn
119 interpret.o: T_funtab.i
120 interpret.o: T_pnitac.i
121 interpret.o: T_symtab. i
122 interpret.o: T_tables.i
123 interpret.o: debug.h.

124 main.Q: agebug.n

128 main.o: files.h

126 main.o: project.h
127 scan.o: T_tables.h
128 scan.o: debug.n

128 scan.o: project.n
130 translate.o: T_funtab.i
131 transliate.o: T_pnltab.i
132 +transiate.o: T_symtab. i
133 transiata.o: T_tables.i

134 transiate.o deoug. h
135 # DO NOT PUT ANYTHING BELOW THIS LINE!
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WO hWN -

33
34
3as

37

41

8E8355

AGHRER

/..;.-':--x..x..----:.zz.x.x.l:-'r.-:'..:l-st--z-tt-t!.t:-lrl-t:

* MODULE: MAIN

into Petri Net Language FPrograms
andg Interpret the Resulting Prototype

PROJECT : Requirements Analysis using Petri Nets
CMPSC 680 - Master‘s Project, Summer 1984

AUTHOR : 8rad €. Gaylord
ATET Information System Laporatories
11900 North Pecos, Denver C0. 80234
drux2'becg, DR F1LE0, (303)-538-1413

RN R R RN N N N R R N I R R RN RN RN NNy

¥ N N N N NN NN N W NN

® USED BY: all mooules .
: ACCESS FCTS: init(), Ffini{)

FrrPFP Y r Py Y P F PSS PR LRSS SR EN Y]

* USES: TRANSLATE, INTERPRET
* DATA OWNED: n/a

A N R R R R R N R T A R R R N R N I I I N SR NS RN RN R

i d

/T INCLUDE files reguired by this mogule: “/
#incluce "preject.h” /" general gefinitions

#incluce “"files.n" /T File names
#define D_MODULE D_MAIN /T primary mogdule trace
#¥incluce “detug.h" /% cebug levels

/" global varrables: */
char * program = "PT; /" useag by DEBUG moauie

A* PREFIXES used in #defines in this implementation:

Translate Entity-Relationship=Attrrbute Regqurremants Specrifications

Tevel

o_ ‘print encoges for tracring with debug()
= E_ entities
= R_ relations
= T_ tapbles (ie symoo! tables)
g
/l:
® PREFIXES used in definitions (in MODULES) in this implementation
= Dbug_ cebug.c
: Inp_ Input.c

st_ routings which store fields in tables.c
v

= B =



Mon Nov 19 (02:58:21 18984 main.c
60 [/~
61 " main ()
62 "
e3 ® This is the First routine to be executed.
“ =
€5 * This routine uses - TRANSLATE moaule via translate()
66 = - INTERPRET mogule via interpret()
87 *
68 * INPUT:
69 = called by: exec(2) via shi1)
70 = input parameters: n/a
T1 -
T2 * QUTPUT :
73 = return type & value: Fini{) causes process exit
74 =
75 * GLOBAL :
76 = variables used: n/a
77 = variables changed: n/sa
T8 =
80 main ()
a1
82 VvOID init()}, translate(), interpret{(), fini();
84 /T initialize data structures ang cata files ~/
8s Cimit ()
a7 /= translate ERA spec 1ntc PNL entity graph ™/
as transliate ();
80 /" interpretr the Petri net structure */
-1 ] interpret ():
a3 /T cause successful process termination ~/
94 fini { SUCCESS ):
e )} T main () */

= Ot



Mon Nov 1S 02:58:21 1884 main.c

e *

100 * ynit ()

101 =

102 * orderly initialization of this system

103 =

104 = INPUT:

105 - called by: main ()

106 - inout parameters: none

107 -

io8 * OUTPUT:

109 - return type & value: n/a

110 =

111 * GLOBAL :

112 ~ variables used: n/e

113 & variables cnanged: n/a

114 e .

116 vOID

117 init ()

118 {

118 VOID Inp_init{}, st_init(), pnl_init();

121 BEGIN ( "init™ );

123 Inp_init ( IN_FILE ); /= open input files e
128 st_init ();: /= Initialize symbol tables =/
127 pni_init (); /" initialize PNL tables w4
129 RETURN:

131 )} /T imit () */
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Ve
e
e
=

7
e

134 /~

135 = Fini ()

136 *

137 " Oraerly shutdown of the system.

138 b

138 * This is the ONLY routine to cause process exit,

140 * once the process is initialized.

141 -

142 = INPUT:

143 ” calleg py: main ()

144 x input parameters: status (SUCCESS OR FAILURE)
145 =

146 * QUTPUT:

147 - return type & value: integer return coge t2 shif1)
148 =

148 = GLOBAL:

150 = variables useo: n/a

151 = variables changeco: n/a

152 v

154 vOID

155 fini ( status )

156 int status;

157

158 VOID pr_tables(), Inp_fini(), Doug_fini(), sync(}, exit();
160 BEGIN ( "fini”™ );

162 pr_tables (): /* print tables

164 Inp_fini (); /" close input files
166 Dbug_fini (}; /" close gcebugging
168 sync (); /T write memory o disk
170 if { status EQ SUCCESS ) {

171 exit ( status ); /" successful process'
172 } else {

173 ABORT (): /% gump core for sab
174 } i

176 } /° Fini () */
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WoNOU HWN -

88 QRHRY

SE85556R8

FA 2 R X & F F gyt e FE NS RFEEEEEEFEFEFEFEFE S EREFEFEFSE S

*® MODULE : SCAN

: Lexical! scanner whichn fills the symbol/function table with "tokens”.
* PROJECT: Reaguirements Analysis using Petri Nets

- CMPSC 680 - Master's Project, Summer 1984

* AUTHOR : Brag C. Gaylord

® AT&T Information System Laboratories

bl 11800 North Pecos. Denver C0. 80234

: agrux2!bcg, DR 31LE0, (303)-538-1413

XL P S FET PR RS EE R SRS F S R SRR E AR E R R ENER YRS S ]

* USED BY: TRANSLATE

" ACCESS FCTS: scan(}
5 is_fun_name(), is_iod_name(), 1s_moge_name()
5 is_f_or_i(], pr_class()

-
ELERRELEN SRR SRR A S 2 X R 2 R P R R et E bl b bl Rttt bt bkl

a
- UsEs: TABLES. INPUT

:DATA OWNED: wvalio_entity[]. valid_relationf}

FFF P EF RN RN EF SRS S FFFEFFS RS NESFREEFESEEFSS SRS FEFEEFEFR YRS

-

/7

ST INCLUDE files reguired by this mooule: =/

#include <stdio.h> /* for EOF

rinclude <ctype.h> /S for isupper ()
Finclude "project.n"” /" general definitions
#inciude "T_tables.h" /" symool tabies, etc
sdefine D_MODULE D_SCAN - /" primary mogule trace
finclude "deoug.h” /= gebug trace leveis

/" the significant types of lines in an input file; see scan ()

#gefine AFTER_PROCESS_LINE
rgefine SLANK_LINE

#aefine ENTITY

roefine RELATION

sgefine MODE_TABLE

soefine MODE_INITIAL
#aefine MODE_TRANSITIONS

OMBEWN 4O
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&2
€3

e7
€8

70
71
72

75
76

78

81
82

101
102
103
104
1085
106
107

110
111
112

/=
= To add new entries to valid_entityl] or valid_relation{]. put the
* new string at the end of tne aporopriate list. and add the
* corresponding saefine ingdex. Increment the LAST_ENTRY sdefine.

T Then find the switch statements which use the class and type

: fielgs and acdd the cooe for the new cases.

4

-
-

entities always begin in column | with a capital letter
v

/T the following sdefines represent indices inte valid entityl] “/
#define E_MODE T_MODE Vil - B

#gefine E_ACTIVITY 1

#aefine E_PERIODIC_FUNCTION 2

#define E_INPUT 3

#define E_OUTPUT 4

saefine E_INPUT_OUTPUT 5

#define E_LAST_ENTRY ]

char * valid_entity [] = {
"Moge",
"Activity",
"Periodic_function®,
"Input”,
"Output”,
*Input_output®

s
o’
" relations are Jowercase words which are the first token on a line

" after at least cne blank
=/

s

/" the following #faefines represent indices into valid_relation{] */

#define R_NECESSARY_CONDITION o]
rcefine R_INPUT 1
#define R_OUTPUT 2
#oefine R_REQUIRED_MODE 3
»aefine R_OCCURRENCE 4
sdefine R_MEDIA 5
#define R_LAST_ENTRY -]
char * wvalid_relation [] = {
"necessary_condition”,
"input"®,
"output”,
“reguired_mode”,
"occurrence",
"media®
¥
s00L ent_ok = NO; /T not an rinteresting entity yet...
char era_titie [WORD_LEN]; /™ title of thrs PRCCESS
char * era_line: /" points to current line
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114
115
116
117
118
118
120
121
122
123
124
125
126
127
128
129
130
131
132
133

137
138
139
140
141
142
143
144
145

147

151
152
153
154
155
156

i58
159
160
161

163

187
168
168
170
171
172

174
175
176
177

178

/=
® 15_fun_name (), 1s_iod_name (), is_mode_nanme (}
* routines to guarantee lexical conventions rfor the names of:
£ - Function entities
¥ - I/0 & Data entities -
= - Modes
" INPUT:
® calleg by: routines in the TABLES modaule
- input parameters: rrname - calling routine’s name
= sym - rhs of an era line
T OUTPUT :
- return type & value: voIo
* GLOBAL:
5 variables used: n/a
= variabies changed: n/a
v
valo

is_fun_name ( rname, sym )
char T rname: /= calling routine’s name =
char = sym; /" is sym an era function? */

if ( NOT isupper ( sym[0] ) ) {
depug ( rname, D_ERROR, "Invalid name: %s®, sym ):
ERROR ( "FUNCTION names begin with a capitol letter® ):
}

Y /" is_fun_name () T/

VvOID

is_iod_name ( rname, sym )

char * rname; _ /" calling routine’s name ~/
char " sym; : /" is sym an era I/0/DATA? "/

/" caveat: should check for all lowercase letters in svm ~/

if ( (sym[{Q] NE ‘$’) AND (sym[strien{(sym}] NE ‘$" ) )} {
depbug ( rname, D_ERROR, "Invalid name: %s". sym );
) ERROR ( "I_U_DATA names are celimited by ‘$’ signs®);

¥} /T is_iod_name () */

vOoiD

is_moge_name ( rname, sym )

char * rname; /= ealling routine’s name */
char * sym; /" is sym an era Moge? “/

/T caveat: should check for all capital letters in sym */
if ( (sym{O] NE '*’) AND (sym{strlen(sym)] NE *=' ) ) {
debug ( rname, D_ERROR, "Invalid name: #s", sym ):
ERROR ( “MODE names are delimited by ™’ signs®);
}

} /" is_moge_name () */
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182 /~

183 * scan ()

184 *

185 T This scanner follows the approach suggested in dppendix &:

186 = - First a PROCESS line must be 1oentified.

187 = - null lines & comments are removed

188 = - the orgering of input lines is checkeg by !ine_syntax()}
189 * - scan() returns when a MODE_TABLE is encountered ang processed.
190 =

191 = INPUT: :

192 » called by: translate()

183 =

184 * QUTPUT:

198 = return type & value: voIo

196 =

187 * GLOBAL:

198 ~ variaples used: enr_ok

198 = variables changec: era_iine

200 s

202 voip

203 scan ()

204 |

205 NUM process_line(): /T read the era PROCESS Iine e
206 char “get_line(}; * get an era input line =
207 BooL mulli_line(); * removes non-useru! lines g
208 NUM  1ine_syntax(): /T check syntax of era lines =
209 VOID moae_table(); * process the mode_table =
210 VOID st_orphan(): /* find symtab orphans o
211 VOID st_invokes(); /" resclve annotations o
213 char 1ths [ WORD_LEN ]: /T left hand sige of line o
214 char rhs [ WORD_LEN ]: /" right hana side of line v
215 NUM  s_count; /= number cf sscanf matches 4
216 NUM  line_type; /™ current line type N
218 BEGIN ( "scan® );

220 /™ reac the era PROCESS line “/

221 line_type = process_line ();:

223 /" process the entities between <era_title> and <moge_tabie> ~/
224 while ( era_lime = get_tine () ) {

225 s_count = sscanf ( era_line, "%s : %s", 1hs, rns );

227 /" break when the MODE_TABLE is encountered “/

228 it ( egstr ( era_line, "MODE_TABLE" ) ) ({

229 line_type = MOUDE_TABLE;

230 break:

231 }

233 /" remove comments and non-useful lines ~/

234 if ( null_tine ( rname, &line_type, §s_count, lhs ) ) {
238 continue;

23¢ } '

238 if ( s_count < 2 ) {

239 ERROR ( "failed to match ‘<Ins> : <rns> " ):

240 3

242 /T analyze the gross ordering syntax of this input line “/
243 line_type = li'rme_syntax ( line_type, era_line, lhs, rhs );
245 debug ( rname, D_TRACE, °\n" ):

246 Y /T whnile T/

248 if ( tine_type NE MODE_TABLE ) {

249 ERROR ( "MODE_TABLE not encountered® );

250 } else {

251 mode_table (); /= process tne mode_tapie ~/
252 st_orphan ( E_INPUT, E_OUTPUT); /™ Find symtab orphans =
253 st_invokes ( E_INPUT_OUTPUT ): /" resolve annotations s
254

256 RETURN:
287 )} /" scan ()} */
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258 /”

260 * process_line ()

261 =

262 * scan the first line in the era File for a FROCESS line.

263 = ¥

264 = INPUT:

265 * called by: scan()

266 -

267 = oUTPUT:

268 ° return type & value: line_type = AFTER_PROCESS_LINE
268 =

270 ¥ GLOBAL:

271 - variables useg: n/a

272 = variables changed: era_Jline, era_title

273 =

275 NUM

276 process_line ()

277 |

278 char ™ get_line();

280 BEGIN ( “process_line" );

282 /= read the <era_titie> PROCESS line */

283 era_line = get_line ();

285 /= scan for correct format of PROCESS line =/

286 if ( sscanf ( era_line, "PROCESS : ¥s", era_title ) EQ 1 )
287 gebug ( rname, D_TRACE, "PROCESS : %s\n', era_title );
288 } else ({

289 ERROR ( "No PRODCESS line in specification® );
290 }

292 RETURN ( AFTER_PROCESS_LINE ):

204 )} /T process_line () */
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296 /”

297 T line_syntax ()

298 *

292 T Each line is classifiec as a BLANK_LINE. an ENTITY line or a

300 " RELATION line. This coge tries to ensure that the following

301 ® syntax Is aghered to: BLANK_LINEs precede ENTITY lines (which

302 * pegin with a capital lerter 1n column 1), angd ENTITY lines precece
303 " one or more RELATION lines (lower-case & not beginning in column 1).
304 =

305 ¥ line_syntax () calls entity () to process ENTITY iines. UOnly those
306 " entities which are of interest to this process (ent_ok == YES)
307 ™ are examined 1n greater detaji! by relation ().

308 =

308 = INPUT:

310 - called by: scan()

311 =

312 = QUTPUT:

313 = return type & value: line_type - current line’'s type

314 =

315  * GLOBAL:

’le - variables usec: ent_ok, prev_type

317 - variables changed: ent_ok

318 =

320 NUM

321 line_syntax ( prev_type, line. lhs, rhs )

322 NUM prev_type: /" previous line type =
323 char * line; /" ERA input line i
324 char * 1hs; /" left-hana sice of line */
3285 char * rhs; /" right-hand sige of Iine */
326 |

327 BOOL entity(); /= igentify interesting entities */
328 VOID relation()}: /" process relations of saicd entities”™/
330 NUM ret;

332 BEGIN ( *line_syntax" );

334 /T generate 2 hypothesis as to the igentity of the line ~/
335 /" based_upon column 1 and the previous line’s type =
336 switch ( prev_type ) {

337 case BLANK_LINE:

338 /" entity lines follow blank lines =/

339 if { isupper ( line [0] ) ) |

340 . ent_ok = entity ( lhs, rhs );

341 " ret = ENTITY:

342 } else {

343 ERROR ( "illegal: <NL> <relation_line>" ):
344 }

345 break;

347 case ENTITY:

348 case RELATION:

348 /" relation lines follow these 2 kinas of line. ~/
350 /™ entity lines follow neither xind of these. o
3s1 if ( isupper ( line [C] )} ) |

352 ERROR ( "Entity must follow bBlank line" );
353 } else {

354 if ( ent_ok )} {

3ass * examine the relations */

ase - relation ( lhs, rhs );

357 }

358 ret = RELATION;

359 }

360 break;

362 default:

363 gebug ( rname, D_ERROR, "prev_type=%d", prev_type );
364 ERROR ( "internal error" );

365 Y /" switen */

367 RETURN ( ret ):

369 )} /" line_syntax () */
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371 /"
arzz * entity ()
373 *

374 " jf this is an interesting entity line, enter 1t into the symtab.
378 =
37e = INPUT:

377 = called by: scan (}

378 *

379 * QUTPUT :

380 = return type & value: BOOL YES - this entity 1s userfu!

381 = NZ = this entity is not useful
382 =

383 * GLOBAL:

384 7 varfables useg: valid_entityl]

ass * variables changed: n/a

386

388 BOOL

389 entity ( 1ns, rhs )

380 char " 1hs; /" left-hang sige of line =/
3914 char * rns; . /" right-hand side of line */
382

383 VOID st_entity(); /= agds entities to the symbol table 7/
394 NUM is_f_or_i(): /= T_FUNCTION or T_I_O DATA? =/
3986 NUM class:

398 BEGIN ( "entity”® );

400 for ( class=0; class < E_LAST_ENTRY: class++)} {

401 tf ( NOT egstr ( 1hs, valid_entity [class] ) )} {

402 /T ignore this keyworc:; it’s for someone else °/
403 continue;

404 }

406 /" agd entity name to symtab */

407 st_entity ( rhs, class, is_f_or_i {( class ) };

409 RETURN (YES):

a1 } /" for </

413 RETURN (NO);

415 } /T entity () */
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418 [/~

419 * relation ()

420 "

421 * is this an interesting relation }ine?

422 " if so, populate the taple corresponding to this relation class
423 * (FUNCTION or I_O_DATA4)

424 =

425 * NOTE: no check is maade for lowercase only in relation names;
426 : different entities can’t share any entity relation types
427

428 = INPUT:

429 - called by: scan ()

430 =

431 = QUTPUT:

432 = return type & value: vorp

433 =

434 * GLOBAL:

438 * variables usecd: valid_relation{]

436 = variables changed: n/a

437 =

438 voID

440 relation ( 'hs, rhs )

441 char * 1hs;

442 char ® rhs:

443 {

444 vOID st_nec_conda{), st_inmput(), st_output(). st_req_mode():
445 VvOID st_note(), st_media(). st_warn();

446 NUM is_p_or_a():

448 register class;
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450 BEGIN ( "relation® ):

452 for ( class=0; class < R_LAST_ENTRY; class+> )} {

453 if ( NOT egstr ( lhs, valid_relation [class] ) )} {

454 /= ignore this keyword: it‘s for someone else ~/

455 continue;

456 }

458 switch ( class ) {

459 case R_NECESSARY_CONDITION:

460 if ( is_p_or_a() NE E_ACTIVITY )} {

461 ERROR { “only used in Activity entities” );

462 }

463 st_nec_cond ( rhs );

464 oreak;

466 case R_INPUT:

487 /" if not Inmput_output type S

468 if ( is_p_or a() EQ E_PERIODIC_FUNCTICON ) {

469 ct_warn { “don’t use ’1nput‘ relations in Periodic_funet
ions® };

470 }

471 st_input ( rns };

472 break;

474 case R_QUTPUT:

475 st_output ( rhs );

476 break:

478 case R_REQUIRED_MODE:

478 st_reqg_moce ( rhs ):

480 break:;

482 case R_OCCURRENCE:

483 if ( is_p_or_a() NE E_PERIODIC FUNCTIDN ) |

484 ERROR ( 'an1y used in Pariodlc function entities® );:

485

486 st_note ( era_line ):

487 break;

488 case R_MEDIA:

480 /" caveat: no verification done on gdevice type ~/

481 / as it relates to IC_DATA tvpe e

492 st_media ( rhs );

493 break;

495 default: ’

496 debug ( rname, D_ERROR, "class=¥#d", class ):

487 ERROR ( "internal error® ):

498 Y} /% switeh */

500 RETURN;

501 Y /T for °/

503 RETURN;

508 } /T relation () %/
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507 7
508 “ mode_tabie ()
508 -
510 T process tne secticns 1n the MODE_TABLE - the list of Modes
511 = - the Inrtial_Moge
512 - - Allowed_Mode_Transitions
513 =
514 " INPUT:
515 = called by: secan ()
516 b
817 = OUTPUT :
518 e return type & value: voIp
819 =
520 * GLOBAL:
521 = variapies useg: n/a-
522 ° variaples changeo: era_line
823 v
825 VOID
526 mode_table ()}
527 ¢
528 char * get_line(); /" get an era input line
529 voID st_verify(): * verify moges
530 vOID st_i_moge(); /" store Initial_moae
531 VOID .st_mult_modes(); /" clone oguplicate Modes
532 VOID st_transitions(): /= generate nxt_modes
534 char 1ns [ WORD_LEN }: /" left hand sige of line
535 char io_val [ WORD_LEN ]: /" I_O DATA value
536 char modet [ WORD_LEN ]; /" mode; current mode
537 char mode2 [ WORD_LEN ]; /T moge: next mocge
538 NUM s_count; /" number of sscanf matches
539 NUM 1ine_type; /T current line type
540 NUM mode_state: /* which 1/2 of mode table?
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542
544

546
547
548
548
550

§52
853
554
555

557
558
559
860
561

563
564

566
567
568

570
571
572

574
575
576
577

578
580
581
582
583

83888 ¥

591
$82

g% &

587

§ags 88 ¢

611
613

BEGIN ( "mode_table” );

mode_state = MODE_TABLE:;

while ( era_line = get_line() ) {

switch

T mooe_state ) {

case MODE_TABLE:

1hs[0] = moge1[0] = NULL:
s_count = sscanf ( era_line, "%s : %s", lhs, model ):

/T remove comments and non-useful lines */
if ( null_line ( rname, &line_type, s_count, ths ) )} {
) continue; /" with next era_line in the while loocp °/

if ( egstr ( 1hs, valid_entity[E_MODE] } ) {
st_verify ( moce1l ):

} else if ( egstr ( lhs, “Initial_Mocae" ) )} {
/= store the initial moge ™
st_i_mooe ( modetl ):

/" all of the modes have been read "/
st_mult_modes ();

. mode_state = MODE_INITIAL:

X
preak;

case MODE_INITIAL:

1ns[0] = NULL;
s_count = sscanf ( era_line, "%s :°", 1hs );

/" remove comments and non-useful! lines */

if ( nuli_line ( rname, &Vine_type, s_count, 1hs ) } {
continue: /" with next era_line in the while loop “/

}

if ( egstr ( 1ns, "Allowed_Mode_Transitions® ) ) ({
/" process the last part of the MODE_TASLE ~/
mode_state = MODE_TRANSITIONS;
: continue; /~ with next era_Jline in the while loop “/
break:

case MODE_TRANSITIONS:

gefault:

ihs{0] = io_val[0] = modget[0] = moage2[0] = NULL;
s_count = sscanf ( era_line, "%s : %s -> %s°,
1hs, modeti, mode2 );
if { s_count EQ 1 ) ¢
s_count = sscanf { era_line, "%#s = %s : %s -> %s",
. tns, io_val, mocei, mocel ):
)

/T remove comments and non-useful lines “/
if ( nuli_line ( rname, &line_type. s_count, 1hs )} ; {
) continue; /™ with next era_line in the wnile Joop ~/

st_transitions ( lhs, io_val, mocdei, moge2 };
break;

deoug ( rname, D_ERROR, "mode_state=%d", mode_state );:
ERROR ( "internal error® );

Y /" switeh */

Y ST while

RETURN;

/" moge_table () */
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615 /*

616 ~ nuli_line (}

617 =

618 = The following will pe transparently removed wherever they occur:
619 = Comments lines begrinning with "Comment”™ or “comment”
620 = Blank !ines 1fnes with nothing on them

621 = ".op" lines these allow for pagination in ‘nroff’ appendices
622 =

623 = INPUT:

624 ~ called by: scan(), moge_table()

625 i input parameters: various info about current era line
626 =

827 * OUTPUT:

628 - return type & value: ¥ES - ignore this Iline

629 - NC - process this line

630 =

631 * GLOBAL:

632 - variables used: n/a

633 = variables changea: line_type (in scan(})

634 =

636 BOOL

837 nrull_tine { rname, )ine_type_acdr, s_count, 1hs ) :
638 char " rname; /" calling routine’s name 7
639 NUM * 1line_type_agdr; = previous line‘s type =/
640  NUM s_count; /" number of tokens in line */
641 {cnaf- * 1ns; /" left-rnang sige of line 4
842

643 /" test for a blank line or *.bp* %/

644 if ( ( s_count EQ EOF ) OR egstr ( Ihs., “.bp" ) ) {

645 if { ®"1ine_type_adar EQ ENTITY ) {

645 /™ a relation snould follow <entity_line> */
647 ERROR ( "illegal: <entity_line> <NL>" );

648 } else {

649 *line_type_addr = BLANK_LINE;

€50 debug ( rname, D_TRACE, °“BLANK_LINE\n" };

651 return ( YES ):

652 }

653 }

855 7™ exhaust all comment lines =/

656 if ( egstr ( 1hs, "Comment" ) OR

657 egstr ( lhs, "comment” ) ) {

658 debug ( rname. O_TRACE, "%s ignored\n®, lhs ):

658 return ( YES };

660 } .

€662 return ( NO );:

664 } /" null_line () %/
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66 /"

667 T is_¢f_or_7 (}

668 il

669 T return one of the primary table type encoodes

870 o

671 * . INPUT:

672 * called by: TABLES module

673 "

874 * QUTPUT:

€75 = return type & value: T_MODE - E_MODE & ERRORs in class
676 - T_FUNCTION - Activities, Periodics

€77 * T_I_ 0 DATA - lnputs, Outputs. Input_outputs
678

679 * GLOBAL:

680 = variables used: nsa

681 - variables changed: n/sa

682 b

684 NUM

685 is_f_or_i { class )

686 NUM class: /= class of symtab entry ~/
687 (

688 NUM f_or_i;

680 switen ( class J {

691 case E_MODE:

692 f_or_i = T_MODE:

693 break;

685 case E_ACTIVITY:

696 case E_PERIODIC_FUNCTION:

697 f_or_i = T_FUNCTION;

698 break;

700 case E_INPUT:

701 case E_CUTPUT:

702 case E_INPUT_DUTPUT:

703 f_or_i = T_I_O_DATA:

T04 break;

706 default:

707 /" This strange error return is used to prevent 5
708 /" switch statements from blowing up in pr_entity().
709 /" which is called from fini. Blow ups cause 4
710 /T switch gefaults to call ERROR which calls fini. =
711 /" This indirect recursion is not useful. 4
712 f or_ti = T_MODE:

713 /T ERROR (" "internal error” ); =/

714 Y /T switeh T/

7186 return ( f_or_i );

718 } /% is_f_or_i () */
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738
739
740
741
742
743

748

747
748
749
750

752
733
754
788
756
757
758
759

761
762
763
764
766

768

* pr_class ()
print the class of an entity stored in the sympol table.

class encooes are "ownecd" by the SCAN mooule

LI S B TN N B ]

INPUT :
calleg by: pr_entity()
ouUTPUT ;
- return type & value: voIp
* GLOBAL :
= variables used: n/a
- variables changed: n/a
=
vaID
pr_class ( fp, class )
FILE ™ fp: /" Ffile pointer for ocutput ~/
NUM class; /* class of symtab entry =

{

}

EBEGIN ( *pr_ciass" );
FPRINTF ( fp, "class 5 R

switeh ( class J |

case T_ORPHAN:
FPRINTF ( fp, "ORPHAN\NR®" ):
break:;

case E_MODE:
case E_ACTIVITY:
case E_PERIODIC_FUNCTICN:
case E_INPUT:
case E_OUTPUT:
case E_INPUT_QUTPUT:
FPRINTF ( fp. "%s\n", valid_entity{class] );:
. break:
default: y
debug ( rname, D_ERROR, "class=%d*, class );
/" ERROR ( "internal error”™ }: ~
Y /* switeh %/

RETURN;

/" pr_class (} */
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43
45
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x

MIODULE : TRANSLATE
Creator of the Entity Graph (2 Petri Net Structure)
PNL coge generator

PROJECT : Reguirements Analysis using Petri Nets
CMPSC 680 - Master’'s Project. Summer 1884

BN N W NN KK

AUTHOR : 8rad €. Gaylord
ATET Information System Laboratories
11800 North Pecos, Denver CO, 80234
arux2!beg, DR F1L60, (303)-538-1413

PX S FFEERFFEF RS EE RS S S EFE S EFRENERSEE RS FEENE NS

L3 |

: USED BY: main
: ACCESS FCTS: translate()

R N N N N N N R N N N I NN FE N R EN NS EREEER

* USES: TABLES
T DATA OWNED: places[], trans[]. p!_iox, tr_idx (see T pnltac.[ci])

PZEF RS EFEEFESEFEFELSEEEF LS EEEEEE PR EI RSP AR YR S SRR

v

/" INCLUDE files reguired by this mooule: “/

#include "T_tables.i" /" general table definitions
#include *T_symtab.i" /* symbol table

#include "T_funtab.i" 7 /% function table

#define extern /" TRANSLATE owns T pnltab. 7
#includé "T_pnitab.i® /" PNL tables

#undef  D_MODULE /" was definea in T_tables. i
#cdefine O_MODULE D_TRANSLATE /= primary mooule trace Jlevel
#include "depug.n"® . /" cebug leveis

/" DEFINEs local to this mooule:r */

/" glopal variables ®"leccal® to this module: “/
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rr

54 /

55 * transiate ()}

56 -

57 * Translate the symbol table into place and transitions
58 * ano generate PNL coce.

s9 W

&0 * INPUT:

61 " called by: main{)

62 -

83 * QUTPUT:

€4 = return rype & value: voro

65 -

86 * GLOBAL:

&7 = variables used: n/a

&8 = variables changag: n/a

[1:] v

T4 VOID

72 translate ()

73 {

74 VOID scan(), p_nodes(), p_pnl(};

76 BEGIN ( "translate” }; ]

78 /= Fill the symbol and function tables */
78 scan ():

81 /* ereate the Places and Transitions “/
g2 p_nodes (); -

84 /= output the PNL coge */

85 e_pnl ();

87 RETURN:

Ba } /T transtate () */
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g1 /"
82 T p_nodes ()}
3 =
94 * create the Place and Transition nooes from the T_FUNCTION entities
95 -
96 * INPUT:
a7 » called by: translate()
g8 = input parameters: n/a
99 -
100 ¥ QUTPUT:
101 » return type & value: voriop
102 =
103 * GLOBAL:
104 ° variables usec: Init_Moge, sym_iax, symtab(]
105 - variables changed: n/a
106 v
108 voID
109 p_nodes ()
110
111 vOID tr_out();:
112 NUM is_f_or_i(). p_place(), p_transition();
114 NUM  fdx; /= iterator -y
115 NUM p_idx: /" place table index 4
116 NUM  t_iax: /" transition taole ingex "/
118 BEGIN ( *p_noces* );
120 /= store the Place that the initial Transition cutputs to */
121 p_iax = p_place ( Init_Mode )
123 /= store the initial Transition and it’s output ingex ~/
124 t_idx = p_transition ( NULL, P_INIT ):
125 tr_out ( t_idx, p_idx ): A
127 /" create the rest of the Places and Transitions =/
128 for ( idx=0: idx<=sym_idx; idx++ }
129 if ( is_f_or_i(symtab[idx].sym_class) NE T_FUNCTION )
130 . continue; Va4
131 }
133 /% put the Ffunction in the transition table “/
134 (vOID) p_transition ( idx, P_FUNC );
13s } .
137 RETURN;
138 } /" p_ncoces () °/
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141
142
143
144
145
148
147
148
148
150
181
152
1S3
154
155
156

158
158
160
161
162

164
166

168
188
170
171
172

174
175

177
178

180
181

183
184

186
187
188
188
191

183

=]
{

}
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p_onl ()

write the PNL cocae to an output Frle

= INPUT:
-

called by: translate()
input parameters: n/a
ouUTPUT :

= return type & value: vaIp

* GLOBAL :

= variables used: PNL_FILE

= variables changed: n/a

V'

voID

_pnl ()

VOID perror();
VOID pr_initial(), pr_places(), pr_transitions(), pr_terminals():

FILE " Pni_fp: /S PNL_FILE =/
BEGIN ( *p_pni® };

/= open the PNL file */

if ( ( Pni_fp = fopen ( PNL_FILE, "w®™ ) ) EQ NULL ) {
perror ( "translate: can‘t open Pni_fp" };:
ERROR ( "can‘t open PNL_FILE for writing® ):

}

/" print the Initial Transition */
pr_initial ( Pnl_fp, P_INIT ):

/% print the Places “/
pr_places ( Pni_fp );

/T print the Function Transitions */
pr_transitions ( Pni_fp, P_FUNC ):

/T print the Terminal Transitions =/
pr_terminals ( Pni_fp, P_TERM );:

/™ close the PNL file =/

if ( felose ( Pni_fp ) EQ EOF ) {
perrcr ( "translate: can’t close Pnl_fp" ):
}

RETURN;

AT ppnt () %/
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232
234
238
236
237
238

241

" p_place (}
Agc a symbo! to the places table if it 1s not already tnere.

Return the index to the symbol ‘s entry in the table.

* INPUT:
= calleg by: p_nodes(), p_transitions()
- input parameters: symbol table inagex
* QUTPUT:
e return type & value: current table index
¥ GLOBAL:
* variables used: symrab(]
- variables changed: places{], pl_iax
b
NUM
p_place ( st_idx )
NUM st_idx;
{

?

NUM pl1_find();
NUM idx;
BEGIN ( °"p_place” );
if ( HAS_NO_VALUE (idx=pl1_find(symtab[st_idx].sym)) ) {
i* ( pl_iax < PLACES_SIZE-1 ) {
idx = ++p1_iﬂx:

} else {
) ERROR ( "places table overflow" );

/® put the symbol! name in the places table ~/
STRCPY ( places{idx].sym, symtap[st_idx].sym };

. if ( HAS_A_VALUE (symtab[st_idx].comment{C]) ) {
5 STRCPY ( places[iox].comment, symtab[st_idx].comment );

3
RETURN ( idx );

/" p_place () */
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243 /"
244 = p_transition ()
245 -

246 * dgd a symbol! to the transitions table if it is not already there.
247 =

248 :Retur'n the fndex to the symbol’s entry in the transition table.
249

250 = INPUT:

251 ~ called by: p_nodes(), p_transitions()
252 = input parameters: symbol table ingex, ang transition type
253 =

254 * QUTPUT:

285 % return type & value: current tabie index

256 =

257 = GLOBAL - )

a5 * variables used: symtab(], funtabl]

258 ~ variables cnanged: trans{]., tr_igx, places[]
260 =/

262 NUM

263 p_transition ( st_igx, type )
264 Num st_iox:

265 NUM type: A" transition type: INIT, FUNC, TERM */
266 |

267 VOID tr_in(), tr_out();

268 NUM  tr_fina():

270 NUM  f_idx: /" function tavble ingdex =
271 NUM t_idx, ocut_tdx; /" transition table Indices "/
272 NUM /" iterator =
273 char sym [WORD_LENI: /T transition name 74
275 BEGIN ( "p_transition" );

277 switch ( type ) {

278 case P_INIT:

279 SPRINTF ( sym, "T_INIT® ):

280 break;

282 rcase P_FUNC:

283 SPRINTF ( sym, "%s%s", symtab[st_idx].sym,

284 HAS_A VALUE (symtab[st_rax].sym_suffix[0])
285 ? symtah[st iagx].sym_ suffix : NULL );:
286 break:

288 case P_ TERM: %

288 /= shouldg be QUTPUT name! ~/

280 SPRINTF ( sym, "T_TERM_%s", symtab([st_idx].sym );:
281 break:;

293 default:

284 debug ( rname, D_ERROR, "type=%d", type ):

205 ERROR ( "internal error® );

296 Y /" switch T/

298 if ( HAS_NO_VALUE (t_iax=tr_find(sym)) ) {

298 if ( tr_idx < PLACES_S12E-1 ) {

300 Tt idx = ++tr_idx;

301 } eise 1

302 ERROR ( "trans table overflow" ):

303

305 /" put the symbo! name and type in the trans table 7/
306 STRCPY ( trans{t_idx].sym, sym ):

307 trans[t_idx].type = type;

308 }

310 if ( type NE P_FUNC ) {

311 RETURN ( t_idx ):

312 }
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34 /= ade the information foungd in the symbol & Ffunction tatbiles */
316 f_igx = symtab[st_igx].sym_idx;

318 if ( HAS_A_VALUE (funtab{f_igx].nec_cond) ) {

319 tr- in ( t_iax, p_ placa(funtab[f igx].nec_cond) }:

320 }

322 for ( 1=20; i<IO_MAX; i++ ) {

323 if ( HAS_A_VALUE (funtab[f_idx].in{i]) ) {

324 ; tr' in ( t_iax, p_ptacn[funtab[F igx).in{1]) );:
325

326 if ( HAS_A_VALUE (funtap[f_idx].out[i]) ) |

327 tr;_aut ( t_iax, p_place(funtab(f_idxl.out{i]} ):
328 /* establisn TERMinal transition */

329 /" for this output entity -

330 out_idx = p_transition ( funtap{f_iox].out[i]. P_TERM ).
331 tr_n ( out_iox, p_place{funtanif_iax].out{i]) ):
332 }

333 3

a3s if { HAS_A_VALUE (funtaplf_idx).model0]) {

336 Tr_in ( t_iax, p_place(funtan(f_igx].mogel{0]) );

337 }

338 if ( HAS_A_VALUE (funtap{f_iox].nxt_mode) AND

340 HAS_NO_VALUE (funtap[7_idx].stim[0]) ) {

341 Tr_out ( t_iox, p_place(funtap[f_idx].nxt_mcde) ):

342 } else

343 tr_out ( t_iox, p_place(funtap[f_idgx].mode[C]) }:

344 }

346 if ( HAS_A_VALUE (symtab(st_idx].comment[0])} ) {

347 STRCPY ( trans[t_idx].comment, symtab[st_idx].comment ):
348 }

350 if ( HAS_A_VALUE (funtab[f_idx].stim[0]) )

351 STRCPY ( trans[t_idx].stim, funtab[f_iax].stim ):

352 trans[t_iox]. stim_nxt_mode = p_place(funtab[f_idx].nxt_moge);
383 }

355 if ( HAS_A_VALUE (funtab[f_iagx].note[0]) ) |

356 STRCPY ( trans[t_ jax].note, funtab{f_idx].note );

357 }

359 if ( HAS_A_VALUE (funtaplf_igx].warn[0]) )

360 STRCPY ( trans[t_ idx).warn, funtab[f_idx].warn );

ast }

363 RETURN ( t_idx ):

365 } /T p_transition () 7/
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38 /"
368 " pi_fing (), tr_fina ()
370 i
371 * return the Tndex of a svmbol! in the places or transitions taple
372 *
373 T INPUT:
374 = called by: p_place(), p_transition()
375 : input parameters: symbol name
376
377 * QUTPUT :
378 - return type & vaiuve: NUM jax: index of sym in places or trans
379 (NO_VALUE if not rfouncd)
380 =
381 * GLOBAL:
382 » variables used: pl_iax, places{]. tr_iax, transf]
383 & variables changed: n/a
384 =
386 NUM

387 pl_fina ( sym )
388 char * sym:

389

380 NUM idx;

3as2 BEGIN ( "pl_find" );

384 for ( idx=0; iax<=pl_idx; idx++ ] {

385 if ( egqstr ( sym, places[idx].sym ) ) {
396 RETURN ( iax )3

387 }

398 b

400 RETURN { NO_VALUE );

402 Y /T pl_find () T/

4086 NUM
407 tr_fingd ( sym )
408 char T sym:

409 {

410 NUM idx;

412 BEGIN ( “tr_find" ):

414 for ( idx=0; idx<str_idx; igx++ )} {

415 if ( egstr ( sym, trans[iax].sym )} ) {
416 RETURN { idx );

417 ¥

418 }

420 RETURN ( NO_VALUE ):

422 ) /" tr_fingd () 7/
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425 /7

426 " pl_out ()

427 =

428 T £i1! the values for output places for 2 place
429 -

430 ® INPUT:

431 * cailed by: tr_in(}

432 7 input parameters: indfices to places{] ang trans(]
433 =

434 = QUTPUT:

435 = return type & value: varo

436 7

437 * GLOBAL :

438 - variatles used: n/a

438 - variables changed: places(].out{]
440 4

442 voib

443 pl_out ( p_idx, t_idx )
444  NUM p_igx;
445  NUM t_idx;

448
447 NUM i
443 BEGIN ( "pl_out*® );
451 for ( $=0; $<OUT_MAX; 1=+ ) {
if ( places[p_idx].ocut[i] EQ t_idx ) {
RETURN; /T alra@agy an output place =/
3

if { HAS_NO_VALUE (pleces{p_idx].out{i]) } {
places[p_iax].out{i] = t_iax;
break;

}

if ( i EQ OUT_MAX=-1 ) {
ST all of the cutput pointers consumed ~/
ERROR ( "max # of output indices = 25" );
}
RETURN;:

/= pi_out () =

§ % SPB3% GE4E £h8

s
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471 /"

472 T tr_in ()

473 =

474 * Fil! the values for input places For a transition
475 =

476 = INPUT:

477 - called by: p_init(), p_transition()
478 " input'parameters: indices to transf] ana places[]
479 -

480 ® OUTPUT:

481 = return type & value: voIo

482 *

483 " GLOBAL:

484 o variables used: n/a

485 o variables changed: trans{].in[]

486 7

488 voID

488 tr_in ( t_idx, p_idx }
480 NOM t_iax;
481  NUM p_idx;

{

482

483 VOID pi_outi{);:

495 NUM i

497 BEGIN ( *tr_in" );

499 for ( i=0; i<IN_MAX: i++ ]

500 if ( trans[t_iax].in[i] EQ p_iagx )} {

501 RETURN: /% already an input place =/
502 ¥

504 #f ( HAS_NO_VALUE (trans(t_idx}.in[i]) ) {

505 trans[t_iax].in[i] = p_iex;

506 break;

507 }

500 if (1 EQ IN_MAX-t ) {

510 /" all of the input pointers consumed */
511 ERROR { "max » of inmput indices = 25* );
512 3

513 }

515 /" estaclish agouble linkage “/

516 pl_out ( p_idx, t_iax );

518 RETURN;

520 } /7 tr_in () %/
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\
L]

t

{

}

tr_out ()
Fill the values for outputr places for a transition

INPUT :
calleg by: p_init(). p_transition()
input parameters: indices to trans{] and places[]

OUTPUT:
return type & value: vero

GLOBAL :
variables used: n/a
variables changed: trans/].outf]

B R W KON W NN WM oW OW NN

S

voID
r_out ( t_iax, p_idx )
NUM t_iax;
NUM p_idx;
NUM i
BEGIN ( “"tr_out" );
for ( i=Q; i<OUT_MAX; i++ )} {

if ( trans[t_idx].out[i] EQ p_iax ) {
RETURN; /= already an cutbut place
}

if ( HAS_NO_VALUE (trans{t_iax].out[i]l) ) {
. trans[t_iox].out[i] = p_idx;
break;

if (i EQ OUT_MaxX-1 ) |
/" all of the output pointers consumed “/
ERROR ( "max ¥ of output indices = 25" };
}
RETURN;

ST tr_out () %/
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568 "

S70 T pi_acgd_vag (), pl_cel_bag ()

S71 '

572 T ago or cgelete tokens from tne bag OF a place
573 -

574 * INPUT:

575 » called by: INTERPRET module
576 =

577 * QUTPUT:

578 = return type & value: voro

578 -

580 * GLOBAL:

581 = variables used: n/sa

582 = variables changed: places{].pag
583 =/

585 voiDp

586 pl_add_pbag ( p_idx )
587 NOM p_icx:

588

589 BEGIN ( "pl_add_bag" ):
591 places{p_idx].bag++;
593 RETURN;:

885 )} /" p/_sod bag () */

599 voID
600 pl_de!_bag ( p_idx }
601 NUM p_idx:

602

603 BEGIN ( "pl_cel_bag”® };

605 if ( places[p_iax].bag ) (
606 places{p_iax].bpag--:
607 }

609 RETURN;

€11 )} /" pl_cel bag () “/
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613 /~

614 " pni_init ()

615 =

616 : initialize the places[] and trans[] tables.

617

618 = INPUT:

619 = called by: init()

820 =¥

621 = ouUTPUT:

622 = return type & value: voIp

823 =

624 * GLOBAL:

625 - variables used: n/a

626 ”° variables changed: places(], transf], pl_iax, tr_idx
627 v

829 voib

630 pnl_init ()

€31 {

632 NUM 1, j:

634 BEGIN ( "pni_init® );

636 /" initialize the places table “/

637 for ( 1=0: i<PLACES_SIZE: i++ ) {

638 places[i].sym(0O] = NO_VALUE;
639 places[i].bag = NO_VALUE:
640 for ( j=0; j<OUT_MAX;: j++ )

641 places[iT.out[j] = NO_VALUE:
642 places[i].comment{Q] = NOD_VALUE;
643

844 ¥

846 /T inftialize the transitions table */

647 for ( 1=0; i<TRANS_SIZE: i++ ) {

€48 trans(i].sym[0O] = NO_VALUE;
649 transfi].type = NO_VALUE:
650 for ( j=0: j<IN_MAX; j++ ) {

651 trans{iT.in[j] = ND_VALUE;
652 }

€53 for ( §=0; j<OUT_MAX; j++ ) {

€54 trans{i]l.out{j] = NO_VALUE: -
€55 trans{i].comment[0] = NO_VALUE:
656 trans{i).stim[0] = NO_VALUE:
657 trans{i].stim_nxt_mode = NO_VALUE;
658 trans{ i].notel0] = NO_VALUE:
658 trans{i].warn{0] = NO_VALUE;
660 }

661 }

663 pl_idx = tr_idx = NO_VALUE;

864 RETURN;

666 } /" pni_init () 7/
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interpret.c

R R N A RN R N R S T R N R RN E N E TR E X

: MODULE INTERFPRET

: Interpreter of the Entity Graph (a2 Petri Net Structure).

: The interpretation provides a simulation of the ERA prototype.
* PROJECT: Reguirements Analysis wsing Petri Ners

: CMPSC 690 - Master’'s Project, Summer 1884

* AUTHOR: Brag C. Gaylord

. AT&T Information System Laboratories

= 11800 North Pecos, Denver C0, 80234

- arux2!becg, DR 31L60. (303)-538-1413

E X 2P RS2 R 2SR EEESEEES NS EESENEFEESIFFF IS SIS I EEF Y
=

: USEL BY: main

: ACCESS FCT5: interpret()

EEE L L AL LR SN E AL SRR SR S A R R R RS A P PR YIS ESE Y Y SE]

LUSES:

M DATA OWNED: n/a

R A A N N RS E AT EEETNEER S SRR N BT RN EE N ST S

5

TABLES

/" INCLUDE files regquired by this mocule: */

#include
#include

#in

dincluce

“T_tables.i®
°T_symtab.i"

cluge *T_funtab.i®

fundef D_MODULE
rdefine O_MODULE
#include "aebug.h”

/" DEFINEs local te this module: “/

#define STARVATION

rde
rde

fine MAX_MENU
fine NOT_OK

#aefine OK

"T_pnitab.i"

D_INTERPRET

o}

e e R AL

extern NUM Pnl_place:

general taple cefinttions 7/

T symbg! table /
/" function tabie v
/T PNL tables e

/" was gefined in T_taples.i */
A" primary mogule trace level “/

/" aebug leveis ﬂ/

/T Starvation threshold
/" max # of transtions in menu”/

* Adlmost_enabled is not ok =/
/% Almost_enapled is ok =

7" glopal variables “local” to this module: =/

NUM
NUM
NUM
NUM
NUM

NUM
NUM

Almost_enabled:
Tracing =
Starve_defeat =
nungry =
last_trans -

menu[MAX_MENU]:
menu_idx:

ND;

NO:

NULL;
NDO_VALUE;
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65 /”
66 * jnrerpret ()
87 o
68 * interpret the entity graph:
&9 - initialize the ret
7C =
= INPUT:
- called by:
* QUTPUT:
. return type & value:
* GLOBAL:
= variables used:
= varijables changed:
=4
vaib

a8 8 28 BIRGEE 28IIdIARIN

128

interpret ()

VOiD net_init();
VOID net_process(), net_dump()}., net_options(), net_statistics():
char * gets(};:

char " s_count;
char line [ LINE_LEN ];:

BEGIN (

"interpret® );

loop forever, firing any firable transitions

main()

verp

n/a

n/a

AT imtialize the net °/
net_init (});

/= command line processing */
“Enter ‘?’ for a Help message\n" );

PRINTF (
for EVER

}

PRINTF (

{

s_count = gets (

bt e

e

o e /= prompt */
Tine ):
if ( (s_count EQ NULL) OR egstr ( lime, "g" )} )
PRINTF ( "Goodbye.\n" );:
break;
if { egstr ( line., """ ) )} |
net_process ();
1f egstr ( line, "o* ) )}
net options ();
if T egstr ( line, ®"a* ) )} {
net_dump ();
if T egstr ( line. *7* ) ) {
PRINTF {( "Enter one of the following:\n"
PRINTF { "\tg - guit this session\n” );
PRINTF ( "\t<gcr> - fire a transition\n® )};
PRINTF ( °"\+o - change Interpretsr optiors\n®
PRINTF.( "\zd - gump the Petri net\n®
PRINTF ( "\t? - print this help message\n"
{
PRINTF ( "Enter ‘7’ for a Help message\n®

else
else
elise

else

else

net_statistics();

RETURN;

120 } /" interprer () */
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132 /-

133 * net_process ()

134 =

138 * do the menu processing

136 =

137 = INPUT:

138 bl calledg by: interpret()

139 =

140 = OUTPUT:

1414 = return type & value: varo

142 -

143 * GLOBAL:

144 * variables used: Tracing. Almost_enabled
145 = variables changeg: n/a

146 4

148 voIpD

149 net_process ()

150 {

151 VOID make_menu(), menu_choice(), fire():
152 NUM tran_enabled(};

154 NUM tmp_trace:

155 NUM i

157 BEGIN ( "net_process® );

159 /" look for enabled, or Almost_enabled transitions “/
180 make_menu ();

162 if ( Tracing OR Almost_enabled ) {

163 menu_choice ();

164 } else {

165 fire ( menu(0] ):

166 b

168 Almost_enabled = NOT_OK;

170 /% fire the terminal transitions */

171 PRINTF ( "FIRING TERMinal transitions:\n" };
172 for ( i=0; i<=tr_idx; i++ )

173 if ( tran_enabled ( i, P_TERM ) ) {
174 /™ TERMimal transitions are always printed ~/
178 tmp_trace = Tracing:

176 _ Tracing = YES;

177 Dfire (i );

178 Tracing = tmp_trace;

179 }

180 }

ig2 RETURN;

184 } /° net_process () /
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8883
~
b

191

e
1]
N

123
194
185
186
187
is8
199

201

225

231

233
234
235

237

238
240
241
242
243
244
245
246
247
248
249

251
252
253

255
256
257

258

make_menu ()

£ill the memu array with firable transitions

* INPUT:

- called by: net_process()

* ouUTRUT:

= return type & value: varp

T GLOBAL:

= variables used: trans{j. tr_igx
2 variaples changad: menul]

*/

voilp

Take‘menu ()

}

volD net_cgump():
B00L tran_enabled(};

NUM i
BEGIN ( "“make_menu”® );

/™ clear menu array "/

for ( i=0; {<MAX_MENU; i++ )} {
menul{i] = NO_VALUE;

}

menu_idx = NO_VALUE:
Almost_enabled = NOT_OK;

/* look for enabled transitions */
for ( i=2Q; t<=tr_idx; i++ )
if { tran_enabled ( i, P_FUNC } ) {
agd transition to menu ~
if ( ++menu_idx < MAX_MENU Yy |
menu[menu_idx] = i;
} else {
ERROR ( "menu table overfiow" }:

2}
}
3
tf { HAS_A_VALUE(menu_idx) AND NOT Starve_dgefeat ) {
RETURN;

3
J
Almost_enabled = OK;

S% loock for almost enatled transitions =/
for ( i=Q; i<=tr_idx: i+*+ }
if ( tran_enablea ( i, P_FUNC ) ) {
adgd rtransition to menu T
tF ( ++menu_igx < MAX_MENU )}
menu[menu_idx] = i
} else {
ERROR ( "menu table overflow* );

}
}
}
if ( HAS_A_VALUE(menu_icgx) ) {
' RETURN;

/T no menu? deadlock? */

PRINTF ( "WARNING: POTENTIAL DEADLOCK®™ ):
net_cump ();

RETURN:

/" make_menu () */
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264 /7

265 * menu_choice (J

266 =

287 T print tne menu, SO the user can choose a transition.
268 =

289 = INPUT:

270 ° called by: net_process()
271 =

272 * QUTPUT:

273 - return type & value: voro
274 =

275 * GLOBAL -

276 = variables used: menul ]
277 ’ variables changed: n/sa
278 v

280 VOID

281 menu_choice ()

282

283 VOID tran_print(}:

285 NUM i, choice:

286 char line [LINE_LEN]:

288 BEGIN ( "menu_choice" ):

i = NO_VALUE;

for ( i=0; i<=menu_idx; i++ ) {
PRINTF { *%d: =, i );
tran_print ( menu[i] ):

}

290

292

293

294

295

297 PRINTF ( "\nmEnter the number of the transition to be fired: * );
298 while ( gets ( 1ine } )

299 if { isdigit ( limef[0O] ) ) {

300 choice = atoi ( line );

301 ) if ( choice >= 0 AND choice <= menu_idx )} {
302 PRINTF ( "FIRING menu item 5 %d:\n", choice );
303 fire ( menufchoice] }:

304 PRINTF ( "\n" };

305 RETURN;

306 }

307
308
308
311
312
314

}
; PRINTF ( "try again: * );

PRINTF ( "EOF\n" }:
RETURN:

} /T menu_choice () */
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316 /-

317 * fire ()

318 =

318 T Fire a transition

320 =

321 = INPUT:

322 = called by: net_procass()

323 *

324 = oUTPUT :

325 » return type & value: voio

326 »

327 * GLOBAL:

328 - variables used: nsa

329 = variables changed: hungry, last_trans, places(].bag

330 v

332 voID

333 fire ( t_iox )

334 (NUM T_tax; /" incex to trans{] taple */

338 "

336 NUM tran_enabled();

337 VOID pl_; add _bag(). p!_del_bag():

339 NUM i, p_idx;

341 BEGIN ( "fire™ );

343 /" getect starvation of net “/

344 i¥ ( trans[t_iax].type EQ P_FUNC ) {

345 if ( last_trans EQ t idx ) {

346 i¥ ( ++hungry EG STARVATION ) {

348 PRINTF ( "Potential Net Starvation! \n ).
© 349 PRINTF ( "Turn Starvation Defeat ON\n"):

350 PRINTF ( .a---s-sst--------:-ts-:zx\r‘ )

351

as2 } else { .

383 last_trans = t_idx;

354 nhungry = NULL;

355 )

366 }

357 Almost_enabied = NOT_OK;

3ss if ( NOT tran_enablea ( t_idx ) ) {

360 /= almost enabled - we must supply tokens “/

361 for { ©=0: i<IN_MAX; i++ )}

as2 p_idx = trans[t idx]. in{i];

363 iF ( HAS_NO_VALUE (p_idx) )

364 break: /" end of imput list */

365 }

366 if ( NOT places{p_idx].bag AND

367 ptaces{p_iax].sym[0] EQ ‘s’ ) {

368 pl addbag(pidx ¥

368 }

370 }

371 X

373 /* remove tockens from the input places “/

374 for ( i=20; i<IN_MAX; i++ ) ({

375 p_idx = trans[t idx].in[i];

376 if ( HAS_NO VALUE (p_iax) )} |

377 break; /* end of input list =/

378 }

379 pl_gel_bag ( p_idx );

380 }

382 /" add tokens to the cutput places */

383 for ( i=0; i<0OUT_MAX: i++ )}

384 p_idx = trans[t igx}.out[i];

385 iF ( HAS_NO_VALUE (p_iax) ) {

386 break; /" end of imput list */

387 }

388 pl_add_bag {( p_idx );

388 }

391 /* stim and stim_nxt_mooce!!! */
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393 if ( Tracing ) <

394 tran_print ( t_idx );
385 }

397 RETURN;

398 } /" Fire ()
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401 /7~

402 * net_cump ()

403 *

404 * gump the Petri net

405 =

406 = INPUT:

407 = callea by: interpret()

408 i

408 * OUTPUT:

410 » return type & value: voio

411 =

412 * GLOBAL:

413 - variables used: places(], trans{]
414 * variables changed: n/a

415 a

417 vQiD

418 net_cdump ()

419 |

420 EOOL tran_enabled();

421 VOID tran_print();

423 NUM 1

425 BEGIN ( "met_cdump" );

427 PRINTF ( "Dumping the Petri Net\n" );

429 /" print the places with tokenms in their bag */
430 PRINTF ( "bag PLACE\n" );

431 for ( i=0; i<=pl_idx: i++ ) {

432 if ( NOT places{i].bag ) {

433 continue;

434 }

435 PRINTF ( "%2a¢ %s\n", places[i].bag, places[i].sym };
436 }

438 Almost_enabled = NOT_OK;

440 . PRINTF ( "enabled Function TRANSitions: " );:
441 for ( 1=0; i<=tr_igx; i++ )

442 if { tran_enablea ( i, P_FUNC ) ) {
443 tran_print ( i );

444 }

445 }

448 PRINTF ( "\n" );

448 PRINTF ( "enabled TERMinal transitions: " );
449 for ( i=0; i<=tr_idx; i++ )

450 if ( tran_enablec ( 1, P_TERM ) ) {
451 tran_print ( i );

452 }

453 3

454 PRINTF ( "\n" ):

456 Almost_enabled = OK;

458 PRINTF { "almost enabled Function TRANSitions: " );
459 for ( i=0; i<=tr_idx; i++ } {

460 if ( tran_enabled { i, P_FUNC )} ) ({
461 tran_print ( i );

462 } .

463 }

464 PRINTF ( "\n" ):

466 Almost_enabled = NOT_OK:;

468 RETURN;

470 } /" net_oump () */
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472 /7

473 * net_oprions ()

474 bl

475 * change the options setting for the interpreter

476 =

477 = INPUT:

478 - called by: interpret()

479 =

480 = OUTPUT:

481 = return type & value: voio

482 r

483 * GLOBAL:

484 = variables used: n/a

485 = variables changed: Starve_gefeat, Tracing

486 V4

488 voID

488 net_cpticns ()

480 {

491 char ™ gets{);

493 char " s_count;

484 char Tine [ LINE_LEN ]:

496 BEGIN ( ®"met_options” );

488 for EVER ({

499 PRINTF ( "Enter an option, or '?’ for help: " };
500 s_count = gats ( line );

502 if ( s_count EQ NULL OR egstr ( line, "g* ) )
503 PRINTF ( "Returning to Interpreter\n® ):
504 break;

505 } else if { egstr ( line., "t" ) )} {

506 i# { Tracing EQ YES) {

807 PRINTF ( "Tracing turned QFF\n" )};
508 Tracing = NO;

509 } else {

510 PRINTF ( "Tracing turned ON\R" );
5t1 Tracing = YES;

512 }

513 } else if ( eastr { line, "s® )} ) {

514 if ( Starve_defeat EQ YES) {

515 PRINTF ( "Starvation cefeat OFF\n" );
516 Starve_defeat = NO;

517 )} else {

518 - PRINTF ( "Starvation acefeat ON\n" ):
5§19 Starve_defeat = YES;

520 }

521 } else if ( egstr ( line, "?" )} )} {

§22 PRINTF ( "Enter one of the following:\n" };
523 PRINTF { "\tgq - return to lnterpreter\n® ):
524 PRINTF ( "\ttt - trace en/off\r" ):

525 PRINTF { "\ts - starvation defeat on/off\n" )};
526 PRINTF { "\t? - print this help message\n" );
527 } else {

528 PRINTF ( "Enter ‘?' for a Help message\n" ):
529 ¥

530 }

532 RETURN;

§34 } /" net_options () */
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537 /~

538 T net_statistics ()

539 -

540 “ print a summary of transition Firings ang conservation of tokens
541 =

842 * INPUT: .
543 ) called by: interpret()

544 &

545 ® OUTPUT:

546 = return type & value: voro

547 z

548 * GLOBAL:

548 = variaties useo: transl]

550 - variables changed: n/a

551 =

583 vOoID

554 net_statistics ()

555

556 BEGIN ( “net_statistics" );

558 RETURN;

S60 } /" nmet_statisties () "/
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562 /*

563 * tran_enabled ()}

564 =

565 " Is the specified transition enabled?
566
587
568
569
570
571
572
§73
574
§78
576

INPUT :
caliea by: net_dump(), etc.

ouTPUT :
return type & value: BO0OL: YES or ND

GLOBAL :
variables used: placesf]. trans[]
variables changed: n/a

LI BN B B T B B Y

e

578 800L

578 tran_enabled ( t_idx, typ )

580 NUM t_idx; /T inoex to trans{] */
5B1 NUM typ: /" transition type 7/
582 {

583 NUM  i;

584 NUM p_iax;

586 BEGIN ( "tran_enabled” );

588 for ( i=0; 1<IN_MAX; i++ )

s8s if ( trans{t_iox].type NE typ )} <

580 RETURN ( NO );:

581 }

592 p_idx = trans[t_iax].in[i];

593 i¥ ( HAS_NO_VALUE (p_iax) ) {

594 7= end of input list... success! "/
585 break;

}
597 if ( NOT places{p_idx].bag ) {
598 if { Almost _enabled ) {
539 if 1 places(p_idx].sym{0] EQ ‘s’ ) {
600 continue;
601 . }
603 X RETURN ( NO );
6805 }
RETURN { YES )

Y /% tran_enapied () */
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6t1 /~

612 ¥ rran_print ()

€13 =

614 ¥ print one transition for a menu

615 ~

616  * INPUT: :

617 ~ called by: net_cump(), etc.

618 -

618 = QUTPUT:

620 ~ return type & value: voro

621 *

822 " GLOBAL:

623 ~ variables used: transf]

624 " variables changed: n/a

625 4

827 valp

628 tran_print ( t_idx )

629 NUM t_idx; S index to trans{] ~/

630 ¢

631 VOID pr_input(}, pr_output(};

633 BEGIN ( “tran_print® };

835 Pnl_pilace = NO:

637 PRINTF ( "%s : ". trans{t_icex].sym }:

83s switch ( trans[t_idx].type ) ({

640 case P_INIT:

641 s AT PRINTF ( “INIT\n\t® ); */

642 pr_output ( stdout, %_idx ):

643 break;

645 case P_FUNC:

€46 ST PRINTE ( “TRANS\n" );

647 T PRINTF (" *\t* );

648 * pr_output ( stoout, t_idx );

649 T PRINTF ( ®\t* );

650 = pr_input ( stdout. t_idx J;

€51 2

653 if ( HAS_A_VALUE(trans{t_iax].stim[0]) )} {

€54 y PRINTF ( "%s\n", trans[z_igx].stim ):

655

856 if ( HAS_A_VALUE(trans[t_icgx].note{0]) )} ({

857 PRINTF ( "#4s\n", trans[t_igx].note );

658 3

€59 break;

661 case P_TERM:

662 /T PRINTF ( "TERM\n\t® ); %/

663 pr_input ( stdout, t_idx );

BG4 break;

666 gefault:

687 debug ( rname, D_ERROR, “trans[t_iox].type=id®, trans[t_iax].typ
e ):

668 ERROR ( "internal error® );

669 } /T switeh T/

671 RETURN;

673 } /* tran_print (} %/
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678 /"

876 " net_init ()

677 =

€78 " eclear the net, and fire the initial transition
78 =

€80 = INPUT:

€81 5 called by: interprat()

€82 &

683 " OUTPUT:

684 - return type & value: voip

685 -

686 * GLOBAL:

687 = variables used: trans{0O]

688 * variables changed: places(].bag

689 4

691 voiD

692 net_init (]}

693 {

694 VOID pl_add_bag();

€96 NUM i

698 BEGIN ( "net_init" ):

700 /" clear the net */

701 for ( i=0; 1<PLACES_SIZE: i++ ) {

T02 places[i].pag = NULL;

703 }

705 ST Fire the initial! transition */

706 pl_aad_bag ( trans[P_INIT].out[P_INIT] );
708 debug ( rname, D_TRACE. "place[%d].pbag = %a*,
709 trans[P_INIT].out[P_INIT].

710 places{trans[P_INIT].ocut{P_INIT]].bag );:
712 RETURN;

744 } /T nec_init () S

- 133 -



Mon Nov 18 01:42:37 18984 T_symtab.c

/" This sub-moodule deals with symtab exclusively */
/" see for MODULE DESCRIPTION °/

-

#include "T_tables.i®

3
§ ~define extern /" T_symt.c "owns® T_symtab.i °/
& ~#include "T_symtab.i" /" sympol! table =
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86
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2823 283

a 2

Fad

i

st_entity (J

INFUT
calied by:

if the entity is a FUNCTION,
tne value of PERIODIC or ACTIVITY.

01:42:37 1984 T_symtab.c

This routine is called when an ENTITY 1fne is Ffirst encountered. ..

add entity names to the symbol table based upon entity class
ang assign an index to the function table (for FUNCTIONs).

current. idx s set to the symbol table entry for this entity.

{NOTE that the entity name may already be in the tabie,
if a forward reference has occurred in a previous relation.)

then funtab.p_or_a is assigned

entity (J

*
=
x
-
=
-
-
=
=
-
=
=
-
=
-
=
-
-
=
E
=
=
-
=

v
vo1iD

ouTPUT :

return type & value: vorIo

GLOBAL :

variables used: current
variables changed: symtabf]

st_entity ( sym, class, f_or_i )

{

}

char

sym; /T entity name

NUM class; /T entity class

NUM f_or_i;

VOID st_current(), is_fun_name(). is_iod_name():
VOID st_iax(), st_class(). st_p_or_al():
NUM  st_sym(), st_fun();

BEGIN ( "st_entity" };:
st_current ( st_sym (sym}, f_or_i );
switen ( f_or_i ) (

case T_FUNCTION:
is_fun_name ( rname. Sym );

a

/= T_FUNCTION or T_I_O_DATA */

debug ( rname, D_TRACE, 'F!:INCTION entity: %s*, sym };

st_igx ( st_fun () );

st_class ( current.idx, class );
st_p_or_a ( class );

break;

case T_I_O_DATA: .
7= Input_output causes annotation... “/
is_iod_name ( rname, sym )

debug ( rname, D_TRACE, "I_O_DATA entity: %s“, sym ):

st_class ( current.idx, class ):
break;

gefaulit:

cdebug ( rname, D_ERROR, “class=¥d", class };

. ERROR ( "internal error”® };
Yy /* switen T/

RETURN;

/* st_entity ()

- 135 -



Mon Nov 19 01:42:37 1984 T_symtab.c

= "
78 " st_svm ()
77 =
78 * agd a sympol name to tne symbol table if it is not already there.
79 »
80 * return the index to the symbol ‘s entry in the symbol table.
81 =
82 * INPUT:
g3 - called by: st_entity(), T_funtab.c, T_symfun.c
84 * input parameters: sym name
85 -
-1 * QUTPUT:
87 * return type & vaiuve: current symtab index
* GLOBAL:
= variables used: n/a
= variables changed: sym_igx, symtap(]

-

st_sym { sym )

38

89

80

91

92

94 NUM
85

=15 char * sym; .
87

98

NUM st_find();

100 NUM idx;

102 BEGIN ( "st_sym" ):

104 if { HaAS NO_VALUE (idx-st_find(sym)) OR Cloning ) {
105 * entity is not in symtab: get next index */
106 if { sym_idx < SYMTAB_SIZE-1t ) {

107 idx = ++sym_idx;

108 } else { )

108 ERROR ( "symbol table overflow™ );
110 }

112 : /= put the symbol name in the symbol table ~/
113 STRCPY ( symtabliax].sym, sym );

114 }

116 RETURN ( iax );

118 } /" st_svm () */
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121 /"

122 * st_suffix ()

123 =

124 * store a symbol suffix.

128 =

126 " the suffix is a Moge name which IS being appended to distinguish
127 " clones which come from multiple reguired_moaes in an entity.
128 =

129 = INPUT:

130 *° called by: st_mult_moces(), st_clone()

131 -

132 * OUTPUT :

i3a ~ return type & value: voro

134 =

1385 ® GLOBAL:

136 = variaples wuseo: current. iax

137 - variaples changed: symtab[].sym_suffix

138

140 vOID

141 st_suffix ( mode )

142 NUM mode: /" symboil name suffix ~/
143 {

144 BEGIN ( "st_suffix= );

146 if ( HAS_NO_VALUE (symtablcurrent.iax].sym_suffix[0]) ) {
147 SPRINTF ( symtab[current.iax].sym_suffix, °_%s",
148 symtab[mode].sym ):

149 } else {

150 ERROR ( "max # of symbol suffixes = 1" );

151 }

153 RETURN;

155 } /~ st_suffix () °/
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157 /7
158 " st_class ()
158 =
160 T store the class 1n the symbol table
161 -
162 = INPUT:
163  ~ called by: st_entity(}. st_orphan().
ie4 =
165 = oUTPUT:
166 - return type & value: voIo
167 -
168 * GLOBAL:
168 = variables used: n/a
170 = variables changed: symtab[].sym_class
179 */
173 vOiD
174 st_class ( s_idx. class )
175  NUM s_didx: ; /" index to svmtab{] */
176 NUM class: /" type of entity
177 |
178 BEGIN ( "st_class" ):
180 if ( HAS_NO_VALUE (symtab[s_idx].sym_class) ) {
181 symtab[s_idx].sym_class = class:
182 } else if ( symtab[s_idx].sym_class NE class )
183 ERROR ( "max # of sym_class values = 1" );
184 }
186 RETURN;
188 } /T st_class () */
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191 /7

192 * st_iagx ()

183 =

184 ~ store the function table index

185 -

186 * INPUT:

187 " called by: st_entity(), etc

188 =

198 ¥ gUTPUT:

200 - return type & value: varp

201 ®:

202 " GLOBAL:

203 = varjables used: current. igx

204 - variables changec: symtab(].sym_idx

205 7

207 voiD

208 st_idx ( s_idx ) .
208 NUM s_idx; /" index to symtabl] “/
210

211 BEGIN ( "st_idx" ); .

213 if ( HAS_NO_VALUE (symtablcurrent.idx].sym_idx) ) {
214 symtap[current.fdx].sym_idx = s_1idx;

218 } else {

216 ERROR ( "max # of sym_idx‘s = 1" ):

217 }

218 RETURN:

221 } /T st_igx () %/
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223 /*

224 ¥ st_comment ()}

225 =

226 " fill a PNL T"comment” line

227 =

228 T INPUT: .

229 il calleg by: TABLES, TRANSLATE
230 = Input parameters: srr - comment Sstring
231 i

232 * QUTPUT :

233 = return type & value: volp

234 =

235 " GLOBAL:

236 = variables used: current. igx

237 = variapies changed: symtap(].comment
238 B4

240 VvO1ID

241 st_comment ( str )
242 char ™ str;

243 {

244 BEGIN ( "st_comment" );

246 if ( HAS_NO_VALUE (symtab{current.idx].comment[Q]) ) {

247 SPRINTF ( symtab[current.idx].comment. "» %s:", str };
248 } else {

249 ERROR ( "Max » of comment strings = 1" );

250 }

252 RETURN;

254 } /7 st_comment () "/
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257
258

260
261
262
263
264
265
266
287
268

270
271
272

274
275
276
277
278

280

282
283
284
285
286

s =
’

st_fing ()

INPUT :
caliled by:
input parameters:

OUTPUT :
return type & value:

GLOBAL :
variables used:
variables changed:

BN NN N NN MWK NN NN R

N

NUM

st_find ( sym )

{char' = sym;
NUM idx;

BEGIN ( *st_find" };

return tne inoex of a sympboi 1n the symbol table

st_sym()
symbol name

NUM iax; index of svm in symtab
(NO_VALUE if not found)

symtabf].sym
none

for ( idx=0; idx<=sym_idx: fdx++ ) {
if ( egstr ( sym. symtap{iax]}.sym )} ) {
RETURN ( idx );

}
}

RETURN ( NO_VALUE );
Y /T st_fing () </
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282 /*

293 " st_verify ()

294 =

295 ¥ verify that a mode found in the Ffirst part of the MODE_TABLE
296 * has been referenced by some entity, and is not alreagy in the
297 * Moge linkeg-list

298 =

299 = INPUT:

300 » called by: moce_tabie()

301 - input parameters: mogde - mode toc be verifired

302 =

303 = oUTPUT:

304 - return type & value: Ip

305 =

308 " GLOBAL:

307 = variables used: symtab/ ]

308 * variables changed: symtab/]

3¢9 5

311 vaoIp

312 st_verify ( mode )
313 char * mode;

314 {

315 VOl1D is_mode_name(), st_current(), st_clases(), st_idx();
315 NUM st_find(), st_Mode_list():

318 NUM mod_idx; /T symtab idx to ‘moce’ */
318 NUM  idx; /T rterator */

321 BEGIN ( *st_verify" ):

323 /" is moge correct (lexicallyl)? */

324 is_mode_name ( rname, mode );

326 /" is ‘mode’ in the symbol table? */

327 1f ( HAS_NO_VALUE ( mod_idx = st_find ( moge ) ) )

328 7* ado ‘moce’ to symtab T,

329 mod_iax = si_sym ( mode ):

330 st_current ( mod_tidx, T_MODE );

331 st_comment ( *No ent1ty “directly references this moge" }:
332 }

334 7" give this sympol! some class °/

335 st_class ( mod_iax, T_MODE );

337 /7 is this moge already in the Mode_list? %/

ass igx = st_Mode_list ():

33s wnile ( HAS_A_VALUE(symtab[iox].sym_iax) ) {

340 igx = symtao(igx]. sym_idx;

341 if { igx £Q mog_iax )~ {

342 ERROR ( "Attempt to add duplicate to Moge_list" )
343 b

344 }

345 /™ adg the incex to ‘moge’ to the end of the list “/

347 st_current ( iax, T_MODE );

348 st_igx ( moa_idx ):

350 RETURN:

382 } /" st_verify ()} T/
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ass *

356 T st_Mocge_list ()

357 =

358 * return an ingdex to the beginning of the Moce !1nked list.
359 *

380 * INPUT:

361 - called by: mode_table()

362 * input parameters: n/a

363 =

364 * oUTPUT:

365 p return type & value: Moge_list - symtab index to MODE_LIST
366

367 ¥ GLOBAL:

368 = variables used: MODE _LIST (#define)

368 - variables changed: symrap[ ]

370 =

372 NUM

373 st_Mode_list ()

374 { )

375 NUM  st_find(), st_sym();

376 voID st_class():

378 NUM  Mode_list:

380 BEGIN ( “st_Moge_list" );

3s2 /" establisn the moge list; does MODE_LIST exist? “/
asa tf ( HAS_ND_VALUE ( Mode_list = st_find ( MODE_LIST ) ) )
384 7" no; create the MODE_LIST 1ist pointer "/
ass Moce_list = st_sym ( IIOOE LIST }):

386 st_class ( Moos_list, T_MODE );

387 }

3a9 RETURN ( Mode_list );

381 } /* st_Moge_list () “/
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as3 /*

394 " sr_i_mode ()

385 =

386 " srtore the initiai_koce

as7 -

ase * INPUT:

3gs - called by: mode_table()

400 ”~ input parameters: moge = Initial_Mode
401 -

402 ® oyuTPUT:

403 = return type & valve: verp

404 "

405 " GLOBAL:

406 = variables used: n/a

407 ' variables changed: Init_Moge, symtao[]
408

410 VvOID

411 st_i_mode ( moce )
412 char ™ mode;

413 {

414 VOID is_mode_pname():

415 NUM st _find()., st_Mode_list();

4186 NUM idxT

418 BEGIN { "st_i_mode" )};

420 /" is mooge correct (lexicallyl}? =/

421 is_mode_name ( rname, mode ):

423 /= nas moge besn referenced by any entity? is it in symtab? ~/

424 if ( HAS_ND_VALUE ( Init_Mode = st_find ( mode ) ) {

425 7= no. Some entity should use tAis as anm imput place */
428 ERROR ( "Initial_Mode isn‘t referenced by any entity" ):
427 b

429 debug ( rname, D_TRACE, "Init_Mcde=%s", symtab[Init_Moce].sym ):
431 /T is Init_Moge in the Moge_list? “/

432 igx = st_Mooe_list ()

433 wnile ( HAS_A_VALUE(symtab[idx].sym_iax) } {

434 igdx = symtapf[idx]. sym_iax;

435 if ( igx EQ Imit_Moge } ({

436 RETURN;

437 }

438 }

440 ERROR ( "Initial_Moge isn’‘t in the Mode_list" ):

442 } /" st_i_moode () */
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444 /T :

445 * Fft_iax (). ent_type ()

44% =

447 * return tne function tabie incex and the entity type, respectively
448 o

449 = INPUT:

450 © called by: FUNCTION sub-moaule

451 * input parameters: n/a

452 =

453 * OUTPUT : .
454 7 return type & value: ft_iax() - function table index
455 - ent_type() - T_FUNCTION, T_I_O_DATA, etc
456 =

457 * GLOBAL :

458 - variables used: symtab[], current

4539 " variacles changed: n/a

460 =

482 NUM

463 ft_idx ()

464 { .

465 return ( symtab[current.idx].sym_idx );

467 ) /* fFt_iax () 7/

471 NUM

472 ent_type ()

473 |

474 return ( current.type );:

476 } /7 ent_type () °/

- 145 -



Mon Nov 18 01:42:37 1984 T_symtab.c

478 /*

479 T oel_sym ()

480 -

481 " gelete entries from the symbol table

482 =

483 = INPUT:

484 - called by: st_init(}). st_mult_modes(), st_invokes()
485 ° input parameters: idx - table index
486 =

487 = OUTPUT :

488  * return type & vaiue: vorIpo

489 *

480 * GLOBAL:

491 = variables used: n/s

482 T variables changead: symtae[]

493 v/

495 voIiD

496 dei_sym { idx )

487 NUM idx;

488 {

499 VvOID del_fun():

500 NUM is_f_or_i();

502 if { is_f_or_i ( symtab[idx].sym_class ) EQ T_FUNCTION ) ({
503 del_fun ( symtab[igx].sym_iax );

504 }

506 symtab[idx].sym [O] = NO_VALUE:

507 symtab[idx].sym_suffix [O] = NC_VALUE;

508 symtab[ idx].sym_class = NO_VALUE:

508 symtab[ idx] .comment [0O] = NO_VALUE;

510 symtab[ idx].sym_idx = NO_VALUE;:

512 } /" cel_sym (} °/
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1 #incluge "T_tables.i® /= see for MODULE DESCRIPTION “/
2 sFinclude "T_symtao.i" /" symbol table =
3 sincluge "T_funtab.i" /= function table */

- 147 =



Mon Nov 19 ©1:22:38 1884 T_svmfun.c

6 /F

7 T st_media ()}

8 &

9 = an array of media names s stored in the “media” table.

10 * for IC_DATA entities, an ingex into the "media” table is storeg
11 ¥ in the sym_idx field of the symbol! table entry for tne entity.
12 =

13 = INPUT:

14 - called by: relatrion()

18 = input parameters: rhs -~ value of ‘media’ keyword
16 -

17 * OUTPUT:

18 b return type & value: voip

18 =
20 * GLOBAL:
21 - variapies usec: mecial]

22 = variaples changed: symtapjcurrent. idx].svm_idx

23 s

25 vaID

26 st_media ( rhs )

27 char rhs;

28

29 NUM idx;

31 BEGIN ( *st_media* );:

33 if ( current.type NE T_I_O_DaTa )}

34 ERROR { "media: only valid foer I_QO_DATAs" ):

35 }

37 for ( idx=0; idx < MEDIA_MAX; idx++ ) {

38 it ( egstr ( rhs, medialigx] ) ) {

39 if ( HAS_NO_VALUE (symtab[current.iax].sym_iax) ) {
40 symtap[current. idx].sym_idx = idx;

41 } else {

42 ERROR ( "max # of media values = 1" );
43 }

a4 RETURN;

45 }

46 }

48 ERROR ( "media not found in media table® );

50 } /" st_media () °/
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52 /"
53 " st_mult_modes ()
54 -

55 * Clone any entities which have more than one mode

S6 * or a moge of “every_mode"

57 =

58 = INPUT:

59 ” called by: mode_table()

60 = .

61 * QUTPUT:

62 - return type & value: valo

sa -

a4 T GLOBAL:

65 = variables used: symtabf]. funtav{]

66 '/ variables changed: symtab[], funtap(]

67 %

() voID

70 st_mult_modes ()

71 {

72 VOID gel_sym(), st_clone(), st_current(), st_suffix();

73 NUM is_F_or_i(), Fr_igx(), st_Mode_list{);

73 NUM s_igx:

76 NUM  f_idx;

77 NUM  m_idx;

78 NUM clone:

80 BEGIN ( "st_mult_modes® );

82 /™ examine each of the entities; ook for multiple moae functions ~/
83 for ( s_idx=0; s_idx<=sym_idx; s_idx++ )}

B4 if { is_f_or. 1(symab|.s idx] sym_class) NE T_FUNCTION ) {
85 continue;

86

88 st_current ( s_idx, T_FUNCTION )s

a9 f1dx=ft iax ();

80 clone = NO;

82 /™ caveat: coge assumes only mode[0] can EQ "every_mode” ~/
a3 if ( funtab{f_i:ht].mode[O] EQ (m_tdx=st_Mocge_list(J) ) ({
o4 /™ cuplicate this entity for "every_mode* =/

85 while( HAS_A_VALUE(symtap[m_iax].sym_idx) ) {

96 m_idx = symtan{m igx].sym_idx:

a7 st =1arve ( s_idx, m_idx )5

g8 }

a9 del_sym ( s_iax );

100 } else {

101 /* go mogel1] or mooef2] have a value? */

102 for ( m_iax=1; m_iox<ID_MAX; m_idx++ } {

103 if { HAS_A_VALUE {funtab[f idx].mode{m_idx]) ) {
104 st =!one ( s_idx, funtap[f_iox]. maaa{m igx] );:
105 funtablf_idxJ.mode[m_idx] = NO_VALUE:

106 clone = YES;

107 }

108 }

110 /% give the original entity a suffix of the 1st mode */
111 if ( ¢lone EQ YES )} <

112 st_current ( s_iox, T_FUNCTION );

113 st sufhx { funtab{f Jax].mode[0] );

114 }

115 }

117 Y /% for %/

118 /™ gelete the 1ist of moodes */

120 del_sym ( st_Mode_list(} );

122 RETURN;

124 } /" st_mult_moges () */
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127 /*

128~ st_clone ()

128 »

130 * Clone one entity

131 =

132 = INPUT:

133 ki called by: st_mult_modes()

134 -

135 = OUTPUT:

136 = return type & valve: voro

137 *

138 * GLOBAL :

138 * variables used: Cloning

140 ~ variaples changed: symrab{], funtab[]

141 7/

143 vaolip

144 st_cione ( s_igx, m_iax )

145 NUM s_idx; /" symtap entry to be cloned */
146  NUM m_idx; /" ingdex to mode suffix b
147

148 VOID st_current()}, st_suffix()., st_class(), st_igx(), st_comment():
148 NUM st_sym{), st_fun();

151 NUM c_igx: /T elona index g ]

152 NUM ‘_idx- /" original index “/

183 NUM  i; ST iterator o

155 BEGIN ( °st_clone" );:

157 Cloning = TRUE;

159 /T auplicate the symbo! table information =/

160 st_current ( st_sym{symtabls_iax].sym}, T_FUNCTIDON };
181 st_suffix ( m_idx ):

162 st_class ( current.idx, symtab[s_idx].sym_class ):

163 sr_n:x ( st_fun() );

164 £ ( HAS_A_VALUE (symtan[s idx].comment[0Q}) ) {

165 st_ “comment ( symtan{s idx].comment ):

166 i '

168 /" auplicate the function table information, =/

168 f_idx = symtab(s_idx].sym_iax;

110 c_iax = fi_idx ();

171 funtab(c_idx]).p_or_a = funtab[f_iox].p_or_a;
172 funtacic_idx].nec_cond = funtab[f_idx].nec_cond;
173 for ( i=0; 1<I0_MAX; i++ ) {

174 funtab{c mx] in[i] = funtab{f_idx].in[i];
175 funtap[c_jax].out{i] = funtab{f_idx].out[1]:
176 }

177 funtab[: igx].moce{0] = m_iax:

178 1f ( HAS_A_VALUE (funtab[?_idx].note(0]) ) {

179 STRCPY ( funtab{c_7iax].note. funtab[f_idx].note );
180 }

181 if ( HAS_A_VALUE (funtab{f_igx].warn[0]; ) {

182 STRCPY ( funtablc_Tax].warn, funtao[f_tax].warn );
183 }

185 Cloning = FALSE;

187 RETURN;

189 } /" st_clone () */
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191 7"

192 ~ sr_transitions ()

183 °

194 : Generate next mode values from lines in the Allowed_Moge_Transitions
195

186 * INPUT:

197 - calied by: moge_table(l)

188 =

1989  * OUTAUT:

200 : return type & value: verp

201

202 T GLOBAL:

203 - variables used: symtab{], funtap{]

204 - variabies changed: funtabl].nxt_moae, funtabl].stim

208

207 voID

208 st_transitions ( jo_stim, io_val, r_mode, n_mode )

208 - char * io_stim; S* IT_0 DATA stimulus =
210 char * io_val; /" ootional jo_stim value =/
211 cnar " r_mode; /" reguired mode =
212 char * n_mode: /" next mooe *
213 :

214 vOID is_icd_name(), is_mode_name():

218 VOID st_current(), st_nxt_mode();

217 NUM  i_idx; /T symtab index to jo_stim “/
218 NUM r_idx; /" symtab index to r_mode "/
219 NUM  f_idx; /T function table index 2
220 NUM i, dax; /= iterators 8
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222

224
225
226
227

229
230
231

233
234
235
236
237
238
241
242
243
244
246

248
249

251

252
253

257
258

261

2€3

267
268

BEGIN ( “st_transitions® ).

/" are the parameters correct lexically? ™/
is_iod_name ( rname, io_stim );
is_mode_nrame { rname, r_mode );
is_moae_name { rname. n_moge ):

/" get the symtab indices to the parameters "/
i_idx = st_sym ( io_stim );
r_idx = st_sym ( r_mode };

/= for entities with mooe[0] £Q rmoce. is jo_stim a relation?
for { idx=0; idx<ssym_idx; idx++ )} {
if ( is_f_or_i(symtab[idx].sym_class) NE T_FUNCTIDN )
) centinue; .

f_iox = symtap[idx].sym_igx;

/" does this function have a required mode of r_mode?
if ( r_igx NE funtab{f_idx].mode(0] )
3 continue:

st_current ( idx, T_FUNCTION );

debug { rname, D_TRACE, "symtabp idx=%d: %s¥hd, %s=%d",
idx, io_stim, i_idx, r_mode, r_idx );

tf ( i_tdx EQ funtab[f_iox].nec_cond ) {
debug ( rname, D_TRACE. "nec_cond!" ):
st_nxt_moce ( n_mode, io_stim, io_val );
} else {
for ( 1=0; 1<IO_MAX; t++ ) |
if ((i_idx EQ funtap[f_idx].in[1]) OR
(i_idx EQ funtab[f_idax].out[i]))

cebug ( rname, D_TRACE, "io=%a!'", i ):

st_nxt_mode ( n_mode. ic_stim,

}
}

/T Fill in nxt_mode for routines which dian’t change moage ~/
RETURN; -

/" st_transitions () */
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211 /7
272 * st_orpnan ()
273 2

274 ¥ fing orphans (without a class) in the symbol table,

275 * anc flag references to those orphans.

276 = *

277 = INPUT:

278 = calied by: scan()

278 * input parameters: Input - value of E_INPUT

280 ° Output - value of £_OUTPUT

281 : {sotn are imported from tne SCAN mooule)
282 :

283 * QUTPUT:

284 = return type & value: voro

285 =

286 * GLOSAL:

287 * variables used: symtab{]. funtabl]

288 = variables changec: funtao{j.warn

288 = symtrab{ ] medial]. svmtab/].comment

20

292 voID

283 st_orphan ( Input. Output )

294 NUM Input; /" value of E_INPUT (scan.c) =/
295 {NUM OQutput: /" value of E_QUTPUT (scan.c) */
296

297 vOoID st_class(): * srore default sym_class 7/
288 voiDb st_warn(); /" store warning in funtae 7/
289 voIiDd st_current(); /T store current idx & type °/
300 volp st_comment(); /" store comment in entity @/
301 NUM is_f_or_i(}); /T T_FUNCTION or T_I_O_DATA? “/
303 NUM orphan; /" symtab index to orphan =/
304 NUM r_idx; /" index related to orphan 7/
305 NUM f_idx; * function table inagex v
306 NUM igx; /= index for in and out %
307 char str [ LINE_LEN ]; /" diagnostic string g
308 char " format = ®"value of ‘%s’ is undefined";

310 char " io_fmt = "value of ‘%s[%d]l‘ is undefined";

311 char = commnt = "Entity undefined by user: aefault values assumed";
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313 BEGIN ( "st_orphan” };

315 for ( orphan=Q: orphan<ssym_idx; orphan++ ) {

316 if ( HAS_NO_VALUE (symtab[orpnan} sym[0]) OR

317 HAS_A VALUE {symtan[orphan] .sym_class) ) {

318 continue;

ate }

321 /" search for references to the orphan "/

322 for ( r_iax=0; r_idx<=sym_idx; r_idx++ )} {

323 Tif ( is_F_or_ Msymtab[r Tdx].sym_class) NE T_FUNCTION ) {
324 “continue;

325 3

327 f_idx = symtab[r_idx].sym_idx;

329 /" necessary_condition “/

330 if ( funtab(T_idgx].nec_cond £Q orpnan ) {

331 /T put a warning in the referencing entity */
332 st_current ( r_idx, T_FUNCTION );

333 SPRINTF ( str. format, "necessary_condition® J;
334 st_warn ( str );

336 /" populate the entity with defaults “/

337 st_current ( orphan, T_I_0_DATA );

33s st_class ( orphan, Input )

338 st_media ( "keypoard" ):

340 st cmant ({ commnt );

341 }

343 for ( idx=0; 1dx<IO_MAX: idx++ ) {

344 ST infol, inf1] and inf(2]

345 if ( funtab[f_iax].in[idx] Eo orphan ) {

346 /" put a warning in the referencing entity =/
347 st_current ( r_idx, T_FUNCTION );

348 SPRINTF ( str. 10 fmt, “in®, idx );

349 st_warn ( str );

as1 /" populate the entity with cefaults */
as2 st_current ( orphnan, T_I_O_DATA ):

353 st class ( orphan, Inmput )5

354 st mad\a ( "keyboard" );

ass st_comment ( commnt );

356 }

ass /% outfel], out{t] ang outf2] */

3s9 if ( funtab[f_idx).out{idx] EQ orphan } {

360 /" put a2 warning in the referencing entity */
361 st_current ( r_igx, T_FUNCTION };

3862 SPRINTF ( str, ic fmt, "out”, idx );
363 st_warn ( str ):

365 ¢ /" populate the entity with gefaults =/
366 st_current ( orphan, T_I_O_DATA ):

387 st class ( orphan, Output );

388 st_media ( *ert" )

368 st_comment ( commnt );

370 }

372 /" mooef{0], mocel 1] and mocel2] */

373 if ( funtab{f_idx].moge[icx] EQ orpnan ) {
374 /* put a warning in the referencing entity ~/
37s st_current ( r_idx, T_FUNCTION ):

376 SPRINTF ( str, io_fmt, "mode”, idx );
378 /T populate the entity with defaults “/
379 st_current ( orphan, T_MODE );

380 st_ “class { orphan, T _MODE );

381 st_comment ( commnt J;

382 }

383 } /" for igx: process the IO_MAX relations “/

384 } /7 for r_idx: refersences to the orphan =/

385 > /™ for orphan: look for index to an orphan ~/

387 RETURN;

ase ) /" st_orphan ()} “/
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30 *

ast1 " st_invokes ()

Js2 =

383 * Create the annotations which wili express the transformations that
394 ® functions apply to Input_outputr entities. .

395 ”

386 " Delere all Input_output entities from the symbol table.

397 =

398 " INPUT:

399 ¢ callec by: scan ()

400 = input parameters: Input_output - valug of E_INPUT_CGUTPUT
401 : ( imported from thne SCAN mocule)
402

403 * QUTPUT:

404 7 return type & value: vorIp -

405 -

406 * GLOSAL:

407 - variapies used: funtapl], symrtab[]

408 » variables changed: funtab{].note

408 v/

411 voiD

412 st_invokes ( Input_output )

413 NUM Input_ocutput;

414 {

415 VOID del_symi{);

416 NUM  is_f_or_i();

418 char note[LINE_LEN]: * temporary annotation string 2
419 BEOOL invocation; ~ copy temp annotation to note[]? */
420 BOOL equals; * insert an assignment sign (=}? */
421 BOOL comma; " insert a comma? v
422 NUM  f idx; * function table rindex *
423 NUM  s_idx: /" symbol table index -
424 NUM i, idx: /" iterators 4
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428

428
429
430
431
432

434
435
436

438
438
440
441
442
443
444
445
448
447
448
449
450
451

453
454
455
456
457
458

460

487

491
482
483
484
495

498
500

BEGIN ( "st_invokes™ );

for ( fdx=0; idx<=sym_idx; idx++ } {

if ( is_f _or_i{symtab[idx].sym_c&lass) NE T_FUNCTION ) {
annotations only apply to functions ~/
continue:;

}

f_tdx = symtabliax].sym_iax;
invocation = equals = NO:
note{0] = NULL: /' clear the temporary annctation ~/

/" process the ‘results‘ of the annotation functicn /
for ( comma=NO, i=0; i<I0O_MAX; i++ )
1f ( HAS_NO_VALUE (s_igx=funtabl[f_idx].outl[i]) ) {
continue:

3
if ( symtab[s_iax].sym_class EQ Input_output ) {
if ( comma EQ YES )
STRCAT ( note, ®, " );

}

STRCAT ( note, symtabls_idx].sym );
funtap[f_iax].out[i] = NO_VALUE;
comma = equals = invocation = YES:

}

/" now for the name of the annotation function ~/
if { equals EQ YES )} {

STRCAT { note., ™ = * );
} z

STRCAT ( note, symtabligdx].sym );
STRCAT ( note, " ( * );

/" process the ‘arguments’ of the annotation function /
for ( comma=NO. i=0: i<IO_MAX; i++ ) {
if ( HAS_NO_VALUE (s_iax=funtapb[f_idx].in[i]) ) {
} continue;

if ( symtab[s_iax].sym_class EQ Imput_output } {
if ( comma EQ YES ) {
STRCAT ( note, ", " };

}

STRCAT ( note, symtab[s_idx].sym ):
. funtab[f_iax).in[1] = NO_VALUE;

comma = invogation = YES;

}

/" Ffinish the temporary annotation "/
if { comma EO YES )
STRCAT ( note, " " );

}
STRCAT ( note, “)" )

/" copy the temporary anncotatrion inte the function table */
if { invocation EQ YES ) {
if ( HAS_NC_VALUE (funtap[f_idx].rote[Q]) )
SPRINTF ( funtap([f_idx].note, "INVOKES ( %s )", note);
} eise {
ERROR ( "max » of annotations = 1° );

}
Y /T for %/

/" gelete the uneeded Input_output entities from the symbol! table =/
for ( idx=0; idx<ssym_iax; idx++ )

if ( symtap[idx].sym_class EQ Imput_output )} {
j ael_sym ( idx );

RETURN;

/= st_invokes () ~/
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503 /*
504 T st_init (), st_current ()
505 =
506 " initialize symbol table, Ffunction table and current entity info
507 -
508 = INPUT:
509 = called by: initl()
510 = input parameters: n/a
511 Gl
512 = oUTPUT:
5§13 = return type & value: voip
514 -
515 * GLOBAL:
516 * variables used: n/a
517 = variables changecd: current
518 °/
520 vaoipb
521 st_init ()
522 {
523 VOID del_sym(), del_fun(), st_current();
524 NUM idx: )
526 BEGIN ( "st_init" );
§28 /T initialize symbol table */
s29 for ( igx=0; iax<SYMTAB_SIZE: idgx++ ) {
S30 cel_sym ( idx };
531 }
533 /" initialize funcrion table */
534 for ( igx=0; idx<FUNTAB_SIZE; idx++ ) {
535 del_fun ( iax )5
536 }
538 /= initialize current entity information =/
538 st_current ( NO_VALUE, NO_VALUE );
541 /" initialize table indices */
542 sym_idx = NO_VALUE;
543 fun_iax = NO_VALUE;
§45 RETURN:
547 } /% st_init () %/
551 voID
§52 st_current { i, t )
553 NUM 3; /= current.idx =/
554 NUM t; /" current. type */
8555
556 BEGIN ( "st_current” );
558 current.idx = i;
588 current.type = t;
561 RETURN;
563 } /7 st_current () %/
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-

Oa®m A

#inciuge "T_tables.i"

fdefine extern
#include "T_funtab.i”

NUM ent_type();
NUM st_sym();
NUM Fr_iax();
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T_func.c "owns” T_funtab.i */
function table 5
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0 /7

11 " st_fun ()

12 ”

13 * re@turn next Iingex to function table

14 ”

15 = INPUT:

16 : called by: st_entity ()
17

18 = OUTPUT:

19 - return type & value: current function taple index
20 =

21 * GLOBAL:

22 * variables used: n/a

23 = variables changed: fun_iax

24 o

26 NUM

27 st_fun ()

28 |

29 NUM ddx;

31 BEGIN ( "st_fun" ):

33 if ( funm_idx < FUNTAB_SIZ2E-t ) {
34 idx = ++fun_idx;

3s } else {

36 ERROR ( "function table overflow" ):
37 }

3s RETURN ( idx );

41 } /= st_fun () 7/
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43 /*

44 T st p or_a ()

45 =

456 T for FUNCTION entities, set p_or_a to PERIODIC or ACTIVITY
47 =

48 = INPUT:

49 = called by: st_entity()

w -

51 * OUTPUT:

52 * return type & value: vaIo

53 =

54 = GLOBAL :

55 - variables used: n/a

56 = variables- changed: funtab[].p_or_a

57 e 4

g9 vOiD

60 st _p_or_a ( class }

61 NUM class; /" class of symtab entry ~/
62 {

63 NUM  F_igx; /" function table ingex %/
65 BEGIN ( "st_p _or_a" );

67 f_idx = ft_iax ():

€8 1f ( HAS_NO_VALUE (funtab[f_iax].p_or_a) ) {

70 funtab[f_iax].p_or_a = class;

74 } else {

72 ERROR ( "max # of p_or_a values = {" );

73 b

75 RETURN;

77 )} /*stpora () "/
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8?8 ST

BO " sr_pec_cond ()

81 *

82 * f£i]]! ‘necessary_condition’ relation value for current entity
83 =

84 = INPUT:

as = called py: relation()

86 input parameters: ras - value of ‘necessary_condition’ keyword
87

88 " ouTPUT:

as = return type & value: voIp

m =

a1 ¥ GLOBAL:

g2 variables used: n/a

a3 = variables cnanged: funtab{].nec_congd

o4 =

g6 voID

97 st_nec_cond { rhs )}

e8 cnar - rhs;

as {

100 VOID is_ied_nama():

102 NUM  s_iax; /" symbol table inagex =
103 NUM  F_diax; /" function table index */
105 BEGIN ( "st_nec_cond" );

107 if ( ent_type() NE T_FUNCTION ) {

108 ERROR { “necessary_condition: only valid for Activity" };
109 }

1114 is_iod_name ( rname, rhs );

113 s_idx = st_sym ( rhs );

114 f_iax = ft_idx ();

116 if { HAS_NO_VALUE (funtablf_igx].nec_cond) } {

117 funtab[f_idx].nec_cond = s_idx;

118 } else {

118 ERROR ( °"Max # of ‘necessary_condition’ keywards = 1" }:
120 }

122 RETURN;

124 } /7 st_nec_congd () /.
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127 /*

128 = st_input ()

129 ol

130 : Fill “input’ relation values for current sntity
131

132 = INPUT:

133 E called by: . relation()

134 . input parameters: rhs - value of “input’ keyword
135 -

1386 ® QUTPUT:

137 = return type & value: varp

138 =

139 T GLOBAL:

140 - variables usec: n/a

141 - variables changed: funtabf].in[]

142 ~

144 vOID

145 st_input ( rhs )
146 char * rhs;

147

148 VOID is_iod_name();

150 - NUM i /T tterator ~/

151 NUM  s_idx; /T sympbol table ingex %/
152 NUM  F_iax: /T function rabile ingex */
154 BEGIN ( "st_input® );

156 if ( ent_type() NE T_FUNCTION ) ({

157 ERROR ( "input: only valid for FUNCTIONs® ):

158 i

160 /" caveat: should check for prior input{] entries */

161 if ( egstr ( rhs, °NONE" ) )} {

162 /" no input for this function */

163 RETURN;

164 }

166 is_iod_name ( rname, rns );

168 s_idx = st_sym ( rns ):

168 f_idx = ft_idx ();

171 /T put the ijnout value in one of the three input variables =/
172 for ( i=0Q; i<I0_MaX; i++ ) {

173 if ( HAS_NO_VALUE (funtap[f_iax].in[1]) ) {

174 funtab[f_iax].in{i] = s_idx;

175 breax;

176 b

178 if (i EQ IO_MAX-1 ) {

179 /" all 3 of the input variables have been #illed */
180 ERROR ( "Max 5 of ’'input’ keywords = 3" );
181 }

182 b4

184 RETURN;

186 } /= st_input () */
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188 /*

190 " sr_cutour ()

191 *,

182 : Fr1l ‘output’ relation values for current entity
183

194 * INPUT:

185 = caliled by: relation{)

196 - input parameters: rhs - value of ‘output’ keyword
197 H

198 * oUTPUT: -

189 = return type & value: varp

200 =

201 " GLOBAL:

202 * variables used: n/a

203 = variables changed: funtab{].out{]

204 =/

206 voiD

207 st_output ( rhs )
208 char * rhs;

208

210 VOID is_iod_name();

212 NUM 1; /= iterator =/

213 NUM s_idx: /" sympol table ingex =i
214 NUM  f_iax; /T function table inaex TS
216 BEGIN ( °"st_output" };

218 is_iod_name ( rname, rhs ):

220 s_idx = st_sym ( rhs );:

221 f_iax = ft_iax ();

223 if ( ent_type() NE T_FUNCTION ) |

224 ERROR ( "output: only valid for FUNCTIDNs" }:

225 ¥

227 /" put the cutput value in one of the three output variables */
228 for ( i=0; {i<IO_MAX: i++ )

223 if ( HAS_NO_VALUE (funtap(f_idx].out[i]) ) {

230 funtab[f_idx].out[iT] = s_iex:

231 break;

232 }

234 if ( i-EQ IO0_MAX-1 ) {

235 /T all 3 of the cutput variaples have been fillegd */
236 ERROR { "Max # of ‘cutput’ keywords = 3" );
237 }

238 }

240 RETURN:

242 } /T st_output () s
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245 /*

246 T st_reqg_mode ()

247 >

248 T Ffill ‘required_moge’ relation value for current entity
249 =

250 = INPUT:

251 = called by: relation()

252 * inpur parameters: rhs - value of ‘required_mode’ keyword
253 b

254 = QUTPUT:

255 - raturn type & value: voIpo

256 = .

257 * GLOBAL:

258 * variables used: n/a

258 = variables changed: Funtap(]. moce(l]

260 i

262 VvQID

263 st_req_mode ( rhs )
264 char rns;

265 {

266 VOID is_mode_name():

268 NUM i /" iteraror */

269 NUM s_iax: /T sympbol table i'noex 7.

270 NUM #_idx; /" function table ingex “/

272 BEGIN ( "st_req_mode" );

274 if ( ent_type() NE T_FUNCTION )} {

275 ERROR ( "required_mode: only valid fer FUNCTIONs® });
276 }

278 if { egstr ( rhs, "every_mode® ) ) {

279 debug ( rname, D_TRACE, "duplicate for ‘every_mode’" );
280 } else

281 is_mode_name { rmame. rhs };

282 }

284 s_idx = st_sym ( rhs };

28BS f_iax = ft_idx ():

287 /™ caveat: should check for prior ‘every_moge’ "/

288 /® put the mcae value in one of the three mode variables “/
288 for ( 1=C; i1<IO_MAX: i++ )} {

290 if ( HAS_NO_VALUE (funtap[f_idx].mode[i]) ) {

291 funtab[f_idx].mode([i] = s_iox;

292 break;

293 }

295 if (1 EQ IO_MAX-1 ) { _
296 /" all 5 of the mocge variables rave been filled =7
297 ERROR ( °"Max # of ‘req_mode’ keywords = 3" );
2938 }

299 }

301 RETURN;

363 } /" st_req_moce () °/
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306 /-

307 T st_nxt_mooe.()

308 -

309 T F117 ‘next_moge’ value for current entity
310 =

3 = INPUT:

Itz - calleg by: st_transitions(}
313 =

314 * oUTPUT:

315 " return type & value: vorp

316 2

317 * GLOBAL:

318 = variables used: n/a

318 - variables changed: funrabf].nst_mode
320 =

322 vDlD

323 st_nxt_mode ( mode, io_stim, io_val )

324 char
325 char *
326 char ~
327 {

331

337
338

341
342
343

345

346
347

350

* mode: /" next mode ¢
io_stim; /" stim: mooef{O] -> nxt_mode */
io_val; /" setr of io values E

NUM  st_sym(). ft_idx();
VOID st_current();

NUM s_idx, f_idx;
BEGIN ( "st_nxt_mode" );
is_mode_name ( rname, mode )

s_idx = st_sym ( mode ):
f_idx = ft_iax ();

if ( HAS_NO_VALUE (funtab[f_iox].nxt_moge} ) {
funtab[f_idx].nxt_mode = s_igx;
if ( io_stim[0] AND io_vailo] )
SPRINTF ( funtab[f_idx].stim,
"if %s in %s then ", io_stim. io_val }:
}
} eise {
ERROR ( "max # of ‘next_mooe’ keywords = 1" };
}

RETURN;

352 } /" st_nxt_mode (} “/
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3s4 /"
ass * st_note ()
356 3
as7 : fill ‘note’ annotation for current Perfodic_function entity
358 .
359 T INPUT: , ’
30 - called by: relation()
361 = input parameters: erzs_line - string to the right of ‘whenever’
32 T
363 = OUTPUT:
364 = return type & value: varo
365 =
366 * GLOBAL:
367 * variables used: n/a
k< 13- 5 variables changeg: funtaefl].note
368 )
371 vDID
372 st_note ( era_line )
373 char " era_line;
374
a75 NUM f_idx; /T function table index ~/
a7e NUM i /" sscanf return value *“/
377 char str[LINE_LEN];: /" ocecurrence string =
are BEGIN ( "st_note” );
381 if ( ent_type() NE T_FUNCTION ) {
382 ERROR ( "occurrence: only valid in Periodic_function® );
383 >
385 /" clear the temporary occurrence string “/
386 for ( i=0; 1<LINE_LEN; i++ ) {
387 str{i] = NULL;
388 }
380 /* obtain the string following “"whensever® */
3s1 i = sscanf { era_line, " occurrence : whenever %132c", str };
392 if ( i NE 1) |
393 depbug ( rname, D_ERROR. "era=js“, era_line );
394 debug ( rname, D_ERROR, “"sscanf=i{d, expr=%s". i, str }:
395 ERRDR ( *occurrence : whenever ‘expr’" );
396 }
3s8 f_idx = f4_iox ();
400 if ( HAS_NO_VALUE {funtab[f_iax].note[0]) ) (
401 SPRINTF ( funtab[f_idx].note, *WHEN ( %#s )", str ):
402 debug { rname. D_TRACE., funtab[f_idx].note );
403 } else {
404 ERROR ( "Max # of annotations = 1" );
405 }
407 RETURN;

408 Y} /" st_note () 7/
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411 /"

412 " st_warn ()

413 =

414 " Fil]l PNL "warning® line with a diagnostic message, when a
415 = potential error is found.

416 =

417 = INPUT:

418 ¥ called py: relation()

419 : input parameters: str - warning string
420

421 * OUTPUT:

422 - return type & value: voIo

423 =

424 " GLOBAL:

425 = variaples used: n/a

426 % varraples changed: funrapf].warn

427 =

429 voID

430 st_warn ( str )
431 char * str;

432 {

433 NUM f_idx: /" function taple index */
435 BEGIN ( "st_warn® ); '

437 if ( ent_type() NE T_FUNCTION ) {

438 ERROR ( “warn: only valid for FUNCTIONs® ):

439 }

441 f_idx = ft_idx ();

443 1f ( HAS_NO_VALUE (funtab{f_idx].warn[0]) ) {

444 SPRINTF ( funtab[f_igx].warn, "= WARNING: %s", str );:
445 } else {

446 ERROR ( "Max » of warning strings = 1" )

447 }

449 RETURN;

451 )} /T st_warn () 7/
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453 [/~

454 " is_p or_a ()

455 "

456 % return p_or_a value Ffor current entity

457 =

458 = INPUT:

459 = called by: relation()

460 *

461 * pUTPUT:

462 = return type & value: p_or a = if current entity 1s FUNCTION
463 = FAILURE - if current entity is not
464 =

465 T GLOBAL:

466 - variables used: funtabf].p_or_a

487 = variapies changed: n/a

468 94

470 NUM

471 is_p_or_a ()

472 {

473 if ( ent_type() EQ T_FUNCTION }

474 return ( funtab[ft_idx ()].p_or_a ):
475 } eise {

4786 return { FAILURE ):

477 }

4718 '} /T isp_or a () 7/
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481 /"

482 " gel_fun ()

483 =

484 ¥ gelere ent~ies from tne function tabie

485 -

486 = INPUT:

487 * called by: st_init(), ael_sym()
488 = input parameters: igx - table ingex
488 b

490 = ouTPUT:

491 » return type & value: varo

492 e

483 ¥ GLOBAL:

484 = variables used: n/a

495 = variables changed: funtao(]

496 =

498 vQID

498 del_fun ( idx )
500 NUM igx:

501 1

502 NUM i;

504 funtab(iax].p_or_a = NO_VALUE;
505 funtab[ idx]j.nec_cond = NO_VALUE;
506 for ( i=0; i<IO_MAX; i++ )

507 funtab[iax].in[i] = NO_VALUE;
508 for ( 1=Q; i<IO_MAX; i++ )

508 funtabiox].out{i] = NO_VALUE;
510 for ( i=Q; i<IO_MAX; i++ )

511 funtab(idx].mode[i] = NO_VALUE;
512 funtab[idx].nxt_mode = NO_VALUE;
513 funtap{iax].stim [0O] = NO_VALUE;
514 funtab{idx].note [O] = NO_VALUE;
515 funtab|idx].warn [0] = NO_VALUE;

517 } /" gel_fun () */
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1 #include "T_tables.i” /" see for MODULE DESCRIPTION “/
2 sincluge "T_symtab.i” /" symbo! table 9
3 ~incluge "T_funtab.i" /" Function table =
4 #include "T_pnitab.i" /T PNL tables E 4
€ /7 macros to print the names of symbols: see pr_tavles() */

7 #define PR_SYM(idx) FPRINTF ( fp. "%s¥s\n", symtap[idx].sym. \

8 HAS_A_VALUE (symtap[idx].sym_suffix[0]) ? symtab[idx].sym_suffix : NULL ):
10 sdefine NEWLINE FPRINTF ( fp, "\n* };: Pni_nl++

11 scefine PR_NODE(sym) FPRINTF ( fp, "%s", sym ):

13 NUM  Pnl_nl = NULL; /% PNL 1ine counter e

14 BOOL Pnl_place = NO: /" Place or Transition /
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BEURRY BUEEE

F Y
=y

o 47

B8 &8 %8 8 a5

/: EEEZE RS ERE LS I F S F ] PNL T‘BLES NSNS SRR RS NN NN NN NN .I/

pr_imnitial (}
emit the PNL INIT transition statement

INPUT :
calleg by: p_pnl()

ouTPUT :
return type & value: vorp

GLOBAL :
variabies used: trans{]}
variables changed: n/a

NN B B W N RN RN NN

§

voiD
pr_initial ( fp, type )

FILE * fp: /® PNL output file pointer ;ﬁ

NUM type; Ve
{ VOID pr_output():

BEGIN ( "pr_initial" );

if ( trans[P_INIT].type NE type )

ERROR ( "First entry in trans[] must pe P_INIT" );

3

FPRINTF ( fp, "# ==-==-cscccemccoa-
NEWLINE:

PR_NODE ( trans{P_INIT].sym }:
NEWLINE;
FPRINTF ( fp, " : INIT * );
pr_output ( fp, P_INIT );
NEWLINE;
. RETURN;
} /* pr_initial () 1/:

- 171 -

transition type

{

> INITial Transition:*

Y



Mon Nov 1S 03:50:03 1884 T_print.c

65 /°

66 " pr_places ()

67 b

&8 : emit the PNL PLACES statements

€9

70 = INPUT:

71 = calied by: p_pnl()

T2 -

73 = QUTPUT:

74 g return type & value: voIp

75 =

76 * GLOBAL:

7 bl variables used: placesf]

78 = variatles changed: n/a

79 = .

81 vDID

82 pr_places ( fp }

83 FILE * fp: /T PNL outputr file pointer */
84 o -

85 VOID pr_output():

a7 NUM  igdx;

89 BEGIN ( "pr_places" };

91 Pnl_place = YES;

83 NEWLINE:

84 FPRINTF ( fp, "# - > PLACEs:" };
95 NEWLINE:

a7 for { iox=0; ijax<=pl_idx; idx++ ) {

o8 if ( HAS_A_VALUE (places[igx].comment{C]) ) ({
89 FPRINTF ( fp, places[idx].comment ):
100 NEWLINE;

101 }

102 PR_NODE ( places[igx].sym );

103 NEWLINE;

104 FPRINTF ( fp, * : PLACE " )

105 pr_output ( fp, iox );

106 NEWLINE;

107 }

108 Pnl_place = NO;

111 RETURN: o

118 } /* pr_places () */
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116 /~

117  * pr_transitions ()

118 =

119 " emit the PNL function TRANSition statements
i20 *

121 ® INPUT:

122 = called by: p_ont()

123 *

124 = QUTPUT:

125 * return type & value: vorip

126 =

127 T GLOBAL:

128 = variables used: trans{], places(]
129 '/ variables changed: n/a

130 =

132 vaip

133 pr_transitions ( fp. type )

134 FILE ™ fp;: /" PNL output file pointer “/
135 NUM type; /T transition type g
136 |

137 VOID pr_output(), pr_input():

139 NUM  idx;
141 BEGIN ( "pr_transitions® );

143 NEWLINE;
144 FPRINTF ( fp, "# ==——==——==w=- -> function TRANSitions:\n* );

146 for { idx=0; idx<=tr_idx; idx++ ) {

147 if ( trans[idx].type NE type )} {

148 continue;

148 }

150 if ( HAS_A_VALUE (trans(idx].comment[0]) )} {
151 FPRINTF ( fp, trans[idx].comment ):
152 NEWLINE;

153 b

154 ' if { HAS_A_VALUE (trans([idx].warn{Q]) ) {
155 FPRINTF ( fp, transliox].warn ):
156 NEWLINE;

157 }

158 PR_NODE ( trans[igx].sym );

188 NEWLINE;

160 FPRINTF ( fp, * : TRANS * ):

161 pr_output ( fp, idx };

162 FPRINTF ( fp. ° L -

163 pr_input ( fp, idx ):

164 if ( HAS_A_VALUE (trans{1dx1 note[o]) Y |
165 FPRINTF ( fp, " ):

166 FPRINTF ( fp, trans[idx].note ).
167 NEWLINE;

168 }

169 if ( HAS_A_VALUE (trans{igx]. st!m[O]) ) {
170 FPRINTF ( fp, "

171 FPRINTF ( fp, trans[idx].stim )
172 PR_NODE ( places{trans[igx].stim_nxt_mode].sym );
173 NEWLINE;

174 }

175 NEWLINE;

176 }

178 RETURN;

180 )} /= pr_transitions () %/
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183 /-

184 ® pr_terminals ()

185 *

186 " emiv the PNL TERMinal transition statement

187 -

188 " INPUT:

88 ¥ called by: e_pnl()

180 =

191 ® OUTPUT:

192 - return type & value: voIo

193 =

194 " GLOBAL:

195 ~ variables used: transf]

196 & variables changed: n/a

197 e -

198 voID

200 pr_terminals ( fp, type )

201 FILE = fp: /" PNL output file pointer “/
202 NUM type; /T transition type 4
203 {

204 VOID pr_input();

206 NUM  iax;

208 BEGIN ( "pr_terminals” ):

210 NEWLINE;

211 FPRINTF ( fp, "# -~=-======--=-----> TERMinal Transitions:" );
212 NEWLINE: :
214 for ( idx=0; idx<tr_iax: idxs+ ) ¢

215 if ( trans[idx].type NE type ) ({

216 continue;

217 b

218 PR_NODE ( trans[iax].sym );

218 NEWLINE;

220 FPRINTF ( fp, * : TERM * );

221 pr_input ( fp, igx ):

222 NEWLINE;

223 }

225 RETURN;

227 } /7 pr_terminals () °/
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230 /~°

231 = pr_outout ()

232 -

233 " emit the !ist of noges which are pointed to by cutput arcs

234 * Ffrom the current noge

235 =

236 * INPUT:

237 - called by: pr_initial(), pr_places(), pr_transitions()
238 =

238 = QUTPUT:

240 - return type & value: voIp

241 =

242 * GLOBAL:

243 ~ variables used: places{], trans[]

244 - variaples changed: n/a

245 g

247 VCID

248 pr_output ( fp, ingex )

249 FILE * fp;: /" PNL output file pointer =/
250 NUM index; /" current node’s index o
251 {

252 NUM i, idx, comma;

254 BEGIN ( "pr_output®” ):

256 FPRINTF ( fp, "OUTPUT TO ( * ):

258 comma = NO;

258 for ( i=0; i<OUT_MAX: i++ ) {

260 if ( Pn1_place ? HAS_NO_VALUE(places[ingex].out(i]) :
261 MAS_NO_VALUE(trans{index].out[i]) ) {
262 break:

263 }

265 if ( comma EQ YES ) {

266 FPRINTF ( fp, *, " );

267 ) }

268 comma = YES;

270 if ( Pni_place ) {

271 idx = places{ingex].out[i]:

272 PR_NODE ( trans[idx].sym ):

273 } else {

274 . idx = trans[index].out[i]:

275 * PR_NODE ( places{idx].sym };

276 }

277 }

279 FPRINTF ( fo., * )* ):

280 NEWLINE;

282 RETURN;

284 } /T pr_output () %/
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287 /"
288 ® pr_input ()
289 -

280 " emit tne Iist of nodes which are pointed to by input arcs
291 ® from the current node

292 =

293 = INPUT:

294 : called by: pr_transitions(), pr_terminals()
295

296 = oUTPUT :

297 = return type & value: voIio

298 =

299 T GLOBAL:

300 x variables used: trans{]., places{]

301 » variaples changed: n/a

302 o

304 VOID

305 pr_input ( fp, index ) .
306 FILE * fp: /" PNL output file pointer */
307 NUM ingex; /" current node‘s index e
308

309 NUM 1, idx, comma;

311 BEGIN ( "pr_input” );

313 FPRINTF ( fp, "INPUT FROM ( " );

315 comma = NQ;

316 for ( i=0; i<IN_MAX; i++ ) ({

317 if ( HAS_NO_VALUE(trans[index].in[i]) )

318 break;

319 }

321 if ( comma EQ YES ) {

a2z FPRINTF ( fp, °, " ):

323 }

324 comma = YES;

326 idx = trans[index].in[i};

2327 PR_NCDE ( places[iax].sym };

328 }

330 FPRINTF ( fp, " )" ):

331 NEWLINE:

333 RETURN:

335 } /7 pr_input () 7/
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337 /7

338 * pr_Pplace ()

338 =

340 = print an entry in places(]

341 *

342 T INPUT:

343 7 called by: pr_tables()

344 =

345 = oUTPUT:

346 = return type & value: vorIp

347 =

348 * GLOBAL:

3489 = variables used: places(], trans(]

3o - variables changed: n/a

351 =/

353 VvOID

354 pr_Pplace { fp. igx )

355 FILE * fp: /" TABLES_FILE file pointer “/

356 NUM idx; /" index to places[] 4

3B7 |

3s8 NUM i;

360 BEGIN ( "pr_Pplace® );

362 if ( HAS_NO_VALUE (places[iox].sym{0]) ) {

363 RETURN;

364 }

366 NEWLINE;

368 FPRINTF ( fp, "place(%2a] : *, idx );

369 PR_NODE ( places[idx].sym ):

370 NEWLINE;

372 for ( 1=0; i1<IN_MAX; i++ )

373 if ( HAS_A_VALUE (places[iax].out[i]) ) { .

374 FPRINTF ( fp., "out[%2d] : %2d ", i, places[idx].outli]
)

375 PR_NODE ( trans[places[iax].ocut[i]]l.sym );

376 NEWLINE;

377 } else {

378 break;

379 }

380 3 :

381 if ( HAS_A_VALUE (places[iax].comment[0O]) } {

as2 FPRINTF ( fp. °"comment : %s\n®, places[idx].comment );

383 }

385 RETURN;

387 } /" pr_Pplace () °/

s IT =



Mon Nov 18 03:50:03 1884 T_print.c

3sc /”

391 " pr_Ptrans ()

382 =

383 = print an entry in trans(]

384 -

385 * INPUT:

396 * called by: pr_tables()

397 =

388 * OUTPUT:

389 » return type & value: voro

400 *

401 * GLOBAL

402 7 variables used: trans{], places(]

403 2 variaples changed: n/a

404 */

406 voiD

407 pr_Ptrans ( fp, idx )

408 FILE * fp; /" TABLES_FILE file pointer “/

409  NUM idx; /" ingex to trans(] 4

410 {

411 NUM §;

413 BEGIN ( "pr_Ptrans® )};

416 if ( HAS_NO_VALUE (trans{iax].sym[0]) ) {

417 RETURN;

418 }

420 NEWLINE;

422 FPRINTF ( fp, °*trans[%2d] : *, idgx );

423 PR_NODE ( trans[idx].sym );

424 NEWLINE;

426 FPRINTF ( fp, “type : %d\n", trans[idx].type ):

427 for ( i=0; i<IN_MAX; i++ )} {

428 if { HAS_A_VALUE (trans[idx].in[1]) )} {

429 FPRINTF { fp. "in[%2d] : %2 ", i, trans[igx].in[i] )

430 PR_NODE ( places[trans[igx].in{i]].sym );

431 NEWLINE;

432 } else {

433 . break;

434 } s

43s }

436 for ( i=0: i<DUT_MAX; i++ ) {

437 if ( HAS_A_VALUE (trans{iax].out[i]) ) {

438 FPRINTF ( fp., "out{%2d] : %2d *, i, transi{idx].out[i] '
)

439 PR_NODE ( places[trans{iax].out{i]].sym );

440 NEWLINE;

441 } else {

442 break;

443 }

444 }

445 if ( HAS_A_VALUE (trans[idx].comment[0]) } {

446 y FPRINTF ( fp., "comment : %s\n", trans{idx].comment ):

447

448 if ( HAS_A_VALUE (trams[igx].stim[0]) ) {

448 FPRINTF ( fp, "stim : %8 ", trans[idx].stim );

450 PR_NODE ( places{trans[idx].stim_nxt_mode].sym )};

451 NEWLINE: :

452 }

453 if ( HAS_A_VALUE (trans[idx].note[0]) ) {

454 FPRINTF ( ¢fp, "note : %e\n*, trans{idx].note };

455 }

456 if ( HAS_A_VALUE (trams[idgx].warn{O]) ) {

457 FPRINTF ( fp, "warn : %s\n", trans{idx].warn };

458 }

480 RETURN;

462 )} /" pr_Ptrans () */
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454 ”rs T EE S EEFERSEEESTESEEEE srm‘s & FWTAE X E X F R EE RS RS ERYERERESFF xl./
ase /'~
467 T por_entity ()
- 468 bl
489 * print ¢ entity in the symbol table
470 g
471 = INPUT:
472 i cailed by: pr_tables ()
473 R inout parameters: o - FILE ® for output
474 2 igdx - symbol table index
475 =3
476 * OUTPUT:
477 = return type & value: voro
478 =
479 * GLOBAL:
480 = variables used: symtab{], funtab[]
481 = variables changeqd: n/a
482 =
484 vOoID
485 pr_entity ( fp, idx )
486 FILE * fp: /" TABLES FILE fFile pornter °/
4B7 NUM idx;
488 |
489 voID pr_class();
480 NUM is_: X; _or_ 1()
492 char ™ rname = “pr_entity";
483 NUM i, sw, F_idx:
485 FPRINTF ( fp, "\msymtab[%2d] ", ddx )
497 if ( HAS_NO_VALUE (symtablidx].sym[O]) ) {
498 FPRINTF ( fp. ">>> NO_VALUE <<<\n® );
488 return;
500 } eise {
501 PR_SYM ( iax );
502 pr_class ( fp, symtab[idx].sym_class }:
504 /% print the PNL comment artached to this symbol */
505 if ( HAS_A_VALUE (symtap[igx].comment[C]) ) (
506 FPRINTF ( fp. " comment : " )
507 FPRINTF ( fp, °*%s\n®, symtab[xdx].commen-.. ):
508 } F
509 H
511 switch ( sw = is_f_or_i(symtap[idx].sym_class) ) {
512 case T_MODE:
513 /= T_MODE is alsc the ERROR return from is_f_or_i() “/
514 break
5186 case T_FUNCTION:
517 f_iax = symtap{idx].sym_idx;
519 if ( HAS_A_VALUE (funtan[f_iax]l.nec_cond) )} {
520 FPRINTF ( fp, * nec_cond : " )
521 PR_SYM ( funtab[f_idx].nec_cond );
522 }
524 for ( i=0; 1<IO_MAX; i++ ) |
525 if ( HAS A_VALUE (Funtab[f igx]. 1n[1]) ) {
526 FPRINTF ( fp, * Tn[%a] .t )
527 PR_SYM ( funtab[f_igx].in[i] J;
528 }
528 }
531 for { i=Q0; i<IO_MAX; i++ )
5§32 if ( HAS A VALUE (funtap[f_iax]. out{1]) ) {
533 FPRINTF ( fp, ° out[%d] i
534 PR_SYM ( funtab[f_idx]. out[s] );
8536 b
536 }
538 for { i=0; i<IO_MAX; 1++ ) {
539 if ( HAS_A_VALUE (funtab[f_idx].mode[i 1) ) {
540 FPRINTF ( fp. " mode [%a] : = 3 )
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541
542
543

545
546
547
548
549
550
551

S53
554
555
556

558
558
560
561
562
564
565

566
567

568
570
571
572
573
574
575
576
577

579

b

PR_SYM ( funtabl[f_iax].moge[i] }:

3

if ( HAS_A_VALUE (‘untab[f jdx].nxt modo) )
FPRINTF ( fp, * nxt_moce : * );
if ( HAS_A_VALUE (funtab[f iax]. st1m{ol) )

FPRINTF ( fp, funtab[f_iax].stim );

}
PR_SYM ( funtab[f_idx].nxt_mode );

}

if ( HAS_A_VALUE (funtab[f idxj. note[o]) ) {
FPRINTF ( fp., " note

FPRINTF ( fp, "%s\n", funtab[f_1dx].nate

}

if ( HAS_A_VALUE (funtas[f_igx].warn[0]) ) {
FPRINTF ( fp, " warn : = Ji
FPRINTF ( fp, "%s\n", funtab[f_idx}.warn

}

break;

case T_I_0_DATA:
FPRINTF ( fp, * media : %s\n",
media[symtab[igx].sym_igx] );
break:

cgefault:
/™ this should NEVER be executed!!! ~/
debug { rname, D_ERROR, “switch=%d", sw );:
if ( HAS_A_VALUE (symtab{idx] sym[o]} ) A
debug { rname, D_ERROR, “sym{%d]=%s",
idx, symtab[idx] sym ):

}
/" ERROR ( *"internal switch error™ ): */
Y /% switeh */

returmn;

/T pr_entity ()} °/

- 180 -

{



Mon Nov 19 03:50:03 1984 T_print.c

616
817
618

622
624

pr_moge_iist ()
print the Mogde Iist (see moge_table())

-

* INPUT:

- caliled by: pr_tables()
® QUTPUT:

= return type & value: voio

* GLOBAL:

= variables used: Init_Moge
il variaples changed: n/a

-

s

volb

pr_mode_list ( fp )

{

}

FILE = fp: /= TABLES_FILE file pointer =/

NUM st_Mode_list():
NUM iax:

BEGIN ( "pr_mode_list" );
FPRINTF ( fp, "\nlInitial_Mecge : %s\n", symtab{Init_Mode].sym );
/% print the head of the list */

idx = st_Mode_list ();
FPRINTF { #p, "Mode_list : %sv, symtaplidx].sym );

3

wnile ( HAS_A_VALUE(symtab(iax].sym_iax) } {
igx = symtap[idx].sym_idx;
FPRINTF ( fp, ". %s*, symtab[idx].sym ):
}
FPRINTF ( fp. °"\n® );
RETURN;

/" pr_mooce_list () */
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627 /*

628 = pr_tables ()

629 *°

630 *= print the tables

631 =

832 T INPUT:

833 bl called by: Fini ()

634 - input parameters: n/a

835 =

€36 T OUTPUT:

837 = return type & value: voro

638 =

639  * GLOBAL:

640 7 varijables used: sym_idx

641 * variables changed: n/a

642 v

644 vOID

645 pr_tables ()

646 {

647 vOID pr_entity(), pr_mocge_list(). perror(): .
648 VOID pr_Pplace(), pr_Ptrans():

650 NUM idx;

651 FILE ™ Tap_fp., ™ fopen():

653 BEGIN ( °"pr_tables" );

655 if ( ( Tab_fp = fopen ( TABLES_FILE, "w" ) ) EQ NULL ) {
656 perror ( rname );

657 gebug ( rname, D_ERROR, "can’t open TABLES_FILE (see files.h)" )}
esa }

660 for ( idx=0; idx<=sym_idx; idx++ } {
661 pr_entity ( Tab_fp, igx };

662 }

664 pr_mode_list ( Tap_fp ):

653 FPRINTF ( Tab_fe, "\f" ):

667 for ( idx=0; idx<PLACES_SIZE; iagx++ ) {
668 pr_Pplace ( Tap_fp, igx );

668 }

674 FPRINTF ( Tab_fp, "\f" );

672 for ( igx=0; tax<TRANS_SIZE: idwx+s+ } {
673 pr_Ptrans ( Tap_fp. idx ):

674 H

676 FFLUSH ( Tab_fp );:

€78 if ( fclose { Tab_fp } EQ EOF ) {

678 perror ( ~name );

680 aebug ( rname, D_ERROR, “clesing Tap_fp" }:
681 }

683 RETURN;

685 } /* pr_tavies () =/
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1 /--...t..zt”l.IlII...!,‘I.I!'I'I’JI"I-‘I--"l‘l.l'-”.’ﬂ.".’-..

2 -

3 ® MODULE : INPUT

4 =

5 : contains access routines to get input from files

6

7 * PROJECT: Requirements Analysis using Petri Nets

8 : CMPSC 680 - Master’'s Project, Summer 1984

8

10 * AUTHOR: Brad C. Gaylord

11 = AT&T Information System Laboratories

12 = 11800 North Pecos, Denver C0O, 80234

13 - drux2!bcg, DR 31L60, (303)-538-1413

:; FEY I FFIFFF PR RS EE PR ES R RS EE S E SRS E R EEESEEE RS EESEEEXEREE LR}

16 *

17 * USED BY: SCAN moaouie

18 -

19 :ACCESS FCTS: get_line(), fatai_error{)

g? FIF Yy FF Y S FFEE SRR E NN NFFFEFESESF S ES LRSS ERFE SR E N

22 -

23 * USES: n/a

24 7
25 T DATA OWNED: Inp_line[l]. Inp_count, Inp_fp
gg FZ F P F X F XX FNEFESEESFIEFESFSFFNESFFEEFELS L FERFFSFFESESERESFESFES LSS
28 =
31 /™ INCLUDE Ffiles reguired by this mooule: %/

32 ~include <stdio.nh>

33 #include "project.nh" /* general aefinitions 4
35 wsdefine D_MODULE D_INPUT /" primary moauie trace level ‘,:
36 %

#inclugde "gebug.n” /T gebug levels

38 /~ DEFINEs local to this module: “/

40 /™ fatal error string (see fatal_error) “/

41 sdefine ERR_STR "ERROR found by %s{):\n\tinput line %d: %s\n\toffending line fol
Tows:\n*%s \n\n" .

45 " glopal variables *jocal® to this module: °/

46 FILE " Inp_fp: /* input File pointer £
48 char Inp_time [ LINE_LEN ]; /T input buffer i
49 NUM Inp_count; /% 1ine number o4
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51 /¢

52 * get_line ()

53 -

54 = This routine gets a single line from the input FILE pointer
S5  andg returns a pointer to the buffer containing that line
56

57 * INPUT:

58 * calleg by: scan(), mode_table()

59 » input parameters: n/a

so x

61 " oUTPUT:

62 - return type & value: {char ") Inp_line

63 - (char ") NULL - ar EOF
64 =

65 " GLOBAL:

66 = variables usegd: Inp_fp

&7 - variacies changec: Inp_liref]. Inp_count

68 V4

70 char ~

71 get_line ()

72 |

73 char * fgets();

74 char * line;

76 BEGIN ( "get_line" );

78 /" increment the line number */

79 Inp_count ++;

81 1ine = fgets ( Inmp_line, LINE_LEN, Inp_fp ):

83 /" remove the newline at the end of Inp_line "/

84 if ( 1ine NE NULL ) {

8s line { strien{Inp_line) - 1 ] = NULL;

86 }

88 debug ( rname, D_TRACE, "line %3d: %s", Inp_count, Inp_line }:
89 RETURN ( line ):

81 )} /= get_line () */
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g3 /"

94 = fatal_error ()

as "

g6 T print fatal error message and gracefully capitulate

a7 =

88 * INPUT:

called by: ERROR() macro (debug.h)

fnput parameters: rtn_name - calling routine’s name
str - fatal error message

1Cc0
101
102
103
104

106
107
108
109

QuUTRUT :
return type & value: process exit,

GLOBAL
variables used: Inp_couwnt, Inp_line
variables changed: n/a

LN B TR I B T A |

\:

111 vaip

112 fatal_error ( rtn_name, str )
113 char * rtn_name;

114 char * str;

118 {

116 VvOID fini();

118 BEGIN ( "fatal_error" );

120 /" display error message cn terminal screen "/

121 FPRINTF ( staerr, ERR_STR, rtn_name, Inp_count, str, Inp_line );

123 /" final trace message

124 debug ( rtn_name, D_ERROR, ERR_STR, rtn_name. Inp_count, str, Inp_line);
126 /" terminate process cleanly */

127 fini ( FAILURE );

129 )} /T fatal_error ()} */
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131 /°

132 " Imp_init ()

133 -

134 ¥ This routine opens in_file for reading, and initializes variables
135 " related to input activities,

136 =

137 = INPUT:

138~ called by: fnit()

139 : input parameters: In_file - input file name
140

141 = OUTPUT:

142 = return type & value: n/a

143 i

144 ¥ GLOBAL :

145 * variabiles used: ns/a

ta6 variables changed: Inp_fp. Inp_count

147 4

149 vOID

150 Inp_init ( in_file )
151 char = in_file;
{

152

183 vOID exit(), perror{)}:

154 FILE * fopen();

156 ! BEGIN ( "Inmp_init" ):

158 Inp_count = Q;

160 if ( ( Inp_fp = fopen ( in_file, "r= ) ) EQ NULL ) {
161 perrar ( "Inp_init: Inp_fp" );

162 exit (1 );

163 }

165 RETURN;:

167 )} /* Imp_init () */
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170 /7

171 * Inp_fini ()

172 =

173 * closes Inp_fp

174 -

175 * INPUT:

176 = called by: Fini()
177 * input parameters: n/a
178 -

179 * OUTPUT:

180 = return type & value: varp
181 i

182 * GLOBAL:

183 = variables used: n/a
184 ” variables chnanged: n/a
185 =

187 voiD

188 Inp_fini ()

188 {

180 VOID perror();

192 BEGIN ( "Imp_fini" );

194 if ( felose(lnp_fp) EQ EOF ) {
195 perror "Inp_fini: Inp_fp" );
1986 }

198 RETURN;

200 } /T Imp_fint () */

- 187 -



§
§

bk b b wh b eh b b
Bmm-lmuuhun-omm-lmmbuu-

MMM
SWN -

8089S

oW b kB o% ok Rk KRR RN RN WO oW NN RN N F KON K NN NN N KRR N R RN KR N RN NONN N MM N KON W ONON N O® N NN NN W NN ENNN W NN

61

28388288

70
71
72
73
74
75
76

-
©®

~
¥

02:55:44 1984 debug.c

MODULE : DEBUG

If vou don’t have a source line oriented debugger, this is the
next best thing. DEBUG allows you to put “printf"® lijke startements
in your code, and then selectively turn any of the DEBUG statemsnts
“on® and "off" between runs (without recompilation).

First you put calls to debug() in your source. debug(} statements
resemtle calls to printf, in that a variabie number orf arguments
are printed according to a format. O0One oFf the paramaters specifies
the "trace Jlevel® of the devug() statement. If that trace level

is turned "on®, the cdebug() statement will print a message.

The trace levels are srdefined symbolically: for more details, see
rFinclude “debug.h” <---the parametrers usec by gebug()

You must have & global variable "program" geclared above main() thusly:

chnar * program = "foo":
These files must be in the directory where the program is run:

"j.foo”" - if this file goes NOT exist, debug() sratements
do nothing. Maximum cou overhead is approx. {10%.

- §fFf this file exists, It is checkecd for a2 ]list of
numeric "trace level” numbers (from O to LEVELS-1)
{ie: a line containing the numbers "20 29 30¢%).
Only those ocebug() statements which specify one of
these trace levels will procuce outpurt.

NOTE: if i.foo contains the magic number “LEVELS",
then HOG tracing is enabled: all cebug()
statements are enabled anc will produce ocutput.
(see the scefine for LEVELS in cebug.c)

g, foo”® = Jf this file coces NOT exist, the gebug() ocutput
is sent directly to the terminal.

- if it does exist, and contains a valig writeable
File name, the cebug output is appended rto the Ffile.

- §Ff it does exist, but 15 empty, the debug() output
is sent to the File "x.foo. 12345°. The "12345"
is the process id (pid), and thus will be unigue.
You encd up with a LOT of °x. ™" fFfiles after a whilie.

ACCESS FCOTS: cepug ()

USED 8Y: any routine
This module s suitable for linking with any other modules.
All internal data and functions are prefixed with "Dbug_”,
S0 as to avoid collisions with geclarations In ¢other moaules.

USES: n/a
This mocule isn‘t oepenaent upon other routines in this project.
Routines in other mocules may use the derfinitions in "gebug.h”,
especially the trace levels, and BEGIN, RETURN ano ERROR macros.
However, this mocule does not use the gerinitions in "gebug.n”.

TO Bf DONE: =~ use an "rname stack” instead of rname parameter.
BEGIN{) will push rname onto stack.
fatal_error() will printf stack.

- trace File will show the gepth of the stack
as weil as the parameters and return values.

ACKNOWLEDGMENTS :
Jim Laur originated the igea via his outlog() routine (RMATS II)

PROJECT : Reguirements Analysis using Petri Nets
CMPSC 680 - Master's Project, Summer 1984

AUTHOR : 8rad C. Gaylord, LABD
AT&T Informaticon System Laboratories
11800 North Pecos, Denver €0, 80234
arux2ibcg, DR 31L60, (303)-538-1413

AN
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78 /" INCLUDE files reguired by this mooule:

79 ~Fincluage <stdio.nh>
80 ~sinclude <varargs.h>
B1 ~Finclude <ctype.h>
82 ~#sincluce "project.n®

85 /" DEFINEs local to this module:

86 #gefine LEVELS 100

87 #define ON YES

88 #define OFF NO

80 #define PATH_SIZE 132

81 ~Faefine PATH_FORMAT "%132s"

4

/z

/ﬂ

*

basic definitions

max number of trace levels

print trace at this Jlevel

con‘t print at this level

/% # of chars In path name

/8

fmt of non °"x. " file name

/* These file names must be no more than 14 characters (UNIX defauit)

#aefine OUT_FORMAT

83
94 sdefine IN_FORMAT
as

96 ~sgefine DBUG_FORMAT

98 ~sdefine TTY

100

101 extern char ™ program;
102 extern int _aoprnt();
104

105 char Doug_on = ‘n’;

106 char Dbug_pbad_fp = 'n’;
107 cnar Dbug_level [LEVELS];
109 FILE ™ Dbug_fp = NULL:

"i,%.128"
"c.%.12s"
x.%.6s5.%.5d"

"/aev/tty"
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/x

-

/.

/" global variables "local* to this mogule:

-
-

/.-
/.

“j.® file: f{.aaasaaaaaaaa
"o, " File: o.aaaaaaaaaaaa
ix.¥ file: x.aaaaaa.nnnmnn

terminai‘s file name

T external variables declared outside ‘n:s mocuie */

" geclared in main program

varargs: can‘t use fprintf
-

is debug turned on yet?

if ‘y’ no write to Dbug_fo

array of active levels

File pointer for aebugging

e

=
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112 /*

113 * gevug ()

114 =

115  ° “printf(3)°-1ike asbugging statements, which can be selectively

116 ¥ turned on and off between runs (without recompilation).

117 =

118 = INPUT:

118 o called by: any routine

120 : input parameters: see parameter definitions

121

122 " QUTPUT:

123 = return type & value: voro

124 -

125 * GLOBAL:

126 = routines called: Obug_init(}, gebugl(). _coprnt()

127 il variables used: Doug_level[]

128 :/ variables changed: Dbug_bad_fp, Doug_on

128 /

131 /"VARARGS3™/

132 vOiID

133 debug ( name, level, format, va_alist )

134 char " name; /" calling routine name W
138 int level; /" trace leve!: [O,LEVELS-1] 7/
136 char * format: /" printf(3)-1ike format '/
137  va_de) /" varargs ogeclaration o
138

139 va_list ap; /" varargs argument pointer ~/
141 /" return immediately if debug imitialization has already failed =~/
142 if ( Dbug _bad_fp £Q 'y’ ) |

143 /™ Doug_init() failed previously */

144 return;

145 }

147 /" if gebug hasn‘t been turned on, do so “/

148 if ( Dbug_on EQ ‘n’ )}

149 if ( Dbug_init() NE SUCCESS ) {

150 /™ initialization failure "/

151 Doug_bad_fp = ‘y’;

i82 return;

153 ¥

154 Dbug_on = ‘y’;

1S5 3

157 /" praturn if geébugging is not turmed on for this trace level */
158 /= note tnat cebugging is always turned on for FAILUREs (-1) =/
159 if ( ( 1level >= 0 ) AND ( level < LEVELS ) ) {

160 if ( NOT Dbug_level [level] )} {

161 return;

162 b4

163 }

165 /" negative level coces are allowed (ie: FAILURE) v

166 /= codes greater than LEVELS are flagged as an error ~/

167 if ( level > LEVELS ) {

163 depug ( "debug®, FAILURE, "%d > LEVELS: see debug.c", level ):
168 }

171 /™ a timestamp could be printed here, if desired “/

172 FPRINTF ( Dbug_fp., "%s[%2d]: *, name, level );

174 /= this snippet of code is the heart of fprintf() */

175 /" _doprnt() does the va_arg() analysis of ap %

176 /" see Jusr/src/1ib/1ibc/port/print/forintf.c -

177 va_start(ap); /T varargs */

178 (VOID) _doprnt(format, ap., Dbug_fp); /" varargs */

179 va_end(ap); * varargs “/

181 FPRINTF ( Dbug_fp, "\n" );:

182 FFLUSH ( Dbug_fp );

184 return;

185 } /" gepug () */
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188 ./~

189 " poug_init ()

180 =

191 “initalize logging by

192 = - checking tne trace levels in the 1.PROGRAM file ang
193 = - opening an file for the trace outputs

194 =

185 " INPUT:

196 ~ called by: agebug()

187 = input parameters: n/a

198 -

189 ® DUTPUT:

200 * return type & value: SUCCESS - Dbug_rfe is open

201 - FAILURE - Dbug_fp coulan’t be cpenscd
202 =

203 " GLOBAL:

204 © routines callea: Dbug_heaager()

205 = variables used: program

206 ‘/ variables changed: Dbug_rfp, Dbug_levell]

207 "

210 ?bug_init ()

211

212 VOID Dbug_header();

214 char file_name [PATH_SIZE + 1): ST i, .0 & .x files */
216 FILE *fp:

217 int ret:

218 int c:

219 register 1i;

221 /" initialize all levels to off °/

222 for ( 1 = Q; i < LEVELS; i+~ ) {

223 Dbug_level[i] = OFF:

224 }

226 /* get name of input file containing trace levels */
227 SPRINTF ( file_name, IN_FORMAT, program ):

229 /" try opening input file */

230 if ( (fp = fopen (file_name,"r")) NE NULL ) ({

231 /= read trace levels from input file */

232 for EVER {

233 o /T get the next number from input file “/
234 if ( fscanf (fp, "%d"., &c) EQ EOF )}
235 break;

236 }

238 /T check for normal tracing “/

239 if ( (c »= Q) AND {c < LEVELS) )} {
240 Dbug_level[c] = ON:

241 continue;

242 }

244 /™ check for HOG tracing */

245 if ( ¢ EQ LEVELS ) {

246 for ( i=0; i<LEVELS; i++ ) {
247 Dbug_level[i] = ON;
248 }

249 break;

250 }

251 }

252 FCLOSE ( fp );

253 }

254 else {

255 /" 1.PROGRAM file is not reacable */

256 return (FAILURE);

287 }
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258
260
261
262
263
264
265
266
2687
268
268
270

272

274
275
278
277
278
279
280
281
282
283

285
286
287
288

290
281
292
293
294
295
296
297
298
289
300
301

331

~
"

The 7i.PRDGRAM file exists,
angd the trace levels have peen read.
Now where does the output go?

if O0.PROGRAM is readavie
if 0.PROGRAM contains a ¥ile name
cutputrt is appended to that file
else output goes to x.PROGRAM.pic
else if 0.PROGRAM coesn‘t exist.
outputr > soev/tty (if it can be openad)

% N N NN N NNKN

5

SPRINTF ( file_name, QUT_FORMAT, program ):

/= is the o0.PROGRAM file readapile? */
if {( (fp = fopen ( file_name, "r" )) EC NULL ) {
/" the o.PROGRAM file isn’t readable, so use tty “/
if { (Dbug_fp = fopen ( TTY, "w" )) EQ NULL) {
/" we couldn‘t even open the tty to write to */
return (FAILURE):

}
else (

/% print a header “/

Dbug_header ():

/= all trace outout goes the terminal */
s return (SUCCESS):

}

/" does o.PROGRAM contain a file name? “/
ret = SUCCESS:
if ( fscanf { fp, PATH_FORMAT, file_name ) 2Q 1 ). (
/* use contents of "o." file, instead of *x." file "/
for (1 = O; (i < PATH_SIZE) AND (file_name[i] NE NULL): i++)
if ( isprint ((int) file_name(i]) EQ FALSE ) {
/" unprintable cnar in file_name “/
ret = FAILURE;
break;

else {
/T no file name strimg in the o.PROGRAM file */
ret = FAILURE;

} E
FCLOSE ( fp ):

if { ret EQ SUCCESS ) (
/T open the trace output file */
if ( (Doug_fp = fopen ( file_name, "a2* )) EQ MULL)
couldn’t open the file. try the x. agefault */
ret = FAILURE;

}

if ( ret NE SUCCESS ) {
/= output the trace to the default “x." file */
SPRINTF ( file_name, DBUG_FORMAT, program, getpid{) ):
/" open the default ".x" trace output file */

if ( (Dbug_fp = fopen ( file_name, "a® )) EQ NULL)
return ( FAILURE ):
}

}

/* print a heacer */
Dbug_header (}:

return { SUCCESS ):

Y /= Doug_init () "/
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= Dbug_neader ()

LI B T B B TN I B B ]

Output a trace heacer to the file,
The output goes to Dbug_fp,

c

INPUT :
called by: Dbug_init()
input parameters: n/a
DuTPUT:
return type & valus: varp
* GLOBAL:
= routines called: time(), ctrime()
= variables used: Dbug_rp
= variables changed: n/a
s
voID
l'ibug_haadar' ()
long clock, time():
char *ctime();
register i:

b

/" print a gate stamp ~/
clock = time ( (long ") © );
Py "emmsemea > TRACE TIME: %s”,

FPRINTF ( Dbug_f

/" display the trace levels */

FPRINTF ( Dbug_fp.

for { 1=20; {<LEVELS: i++ ) {
© if ( Dbug_levell[i] )

}

FPRINTF ( Dbug_fp, "%d ",

h S
4
FPRINTF ( Dbug_fp . "\n" );

FFLUSH ( Dbug_fp ):

return;

/= Dbug_teader () */
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1

"):

)i

and return successfully.
which has been successfully opened.

ctime (&clock) );
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37zs /"

380 * Dbug_fini ()

381 il

382 * close the file pointer associated with the trace cutput file
383 a3l

384 * INPUT:

385 - calleg by: Fini()

386 = input parameters: n/a

387 -

388 = QUTPUT:

ass = return type & value: voio

380 =

ast * GLOBAL:

392 - variables used: Dbug_fo_bad, Dbug_con
393 » variables changed.: Dbug_fp

394 =

396 voiD

397 Dbug_fini ()

388 (

398 if ( (Dbug_bad_fp EQ 'y’) OR (Dbug_on EQ 'n’} ) {
400 return;

401 }

403 if ( Dbug_fp NE NULL )

404 FCLOSE ( Dbug_fp ):

405 3}

407 return;

409 Y /T obug_fini () %/
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* project wide gefinitions
-

: Changing this file means large recompiies’! Reconsigder!'

1n src/ | i6/Debug
.../ School /T/P

= USED
-
4

typecef
typedef

=

short NUM;
short BOOL;

=% These ~gefines are used to make stdic coce read easier,
*¥¥ while keeping 1int complaints to a minimum.

'-/

rifaef vax

sdefine
selse
sdafine
Fendif

#define
rdefine
#define
#def ine
#def ine
#define
sdef ine
ddefine
sdefine

sdefine
#define
#define
#adefine
raefine

sdefine
#def ine
sdef ine
sdefine
#def ine

#define
sdefine

Jdefine

#gefine
rdefine

vaio voi
voib int

ABORT
FCLOSE
FFLUSH
FPRINTF
PRINTF
SCANF
SPRINTF
STRCAT
STRCPY

EQ
NE
AND
or
NOT

EVER
YES
NO
TRUE
FALSE

SUCCESS
FAILURE

eqstr{ s1,

LINE_LEN
WORD_LEN

d

s2 )

(voID) abort

(VQID) fciose
(vOoID) fflush
(vOoID) fprintf
(vo1lD) printf
(VOID) scanf

(VOID) sprintf
(voID) strcat
(VOID) strepy

/-

/:

{ NOT stremp ( s1,

132
40
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/-
/-

-/
k4

veig not gefined for 8/3.

for use with "for”® Joops “/

s2 ) )

max era line length =/
max era word lengtn ~/



Tue Nov 13 09:48:05 1884 files.h

1 /=

2 : This incluge File contains constants related te Input/Output

3

4 * USED BY: INPUT mooule., TABLES mocdule, TRANSLATE mogule

5 7 4

7 #cefine IN_FILE "P.era.input® /" input file name

8 w#define TABLES_FILE "P.tables" /" gump of tables

9 wdefine PNL_FILE *P.pnl.ocutput” /" translator ocutput “/
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Mon Nov 12 16:47:56 1984 T_tables.h

W -

#define T_ORPHAN
#define T_MODE
#def ine T_FUNCTION
#oefine T_I_O_DATA

NaD
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/" see st_orphan()
/" see E_MODE in scan.c

=



Mon Nov 19 02:05:06 1984 debug.h

N
ey

mna W DENOAIVLAONA0ORLONAWN -

g 2™/aL

70
71
72
73
74

77

~
.

gebug.h
This file contains the numeric trace levels used by devug().

A4 call rto gebug() in a mogule will have the following parameters:
rname - calling routines name
level - trace Jevel
format - printf(3) style format
*args”™ - any number of arguments (as agescribec by ‘format”)

NOTE that "level” is a constant (ie: D_TRACE), which will be

an offset (ie: 5) from the moguie’'s "block® number (ie: D_SCANJ.
This scheme is used so that a routine may be transparently
moved from one mogule to another.

PROJECT : CS 680, Master’s Project, Summer 1984
Requirements Analysis using Petri Nets

AUTHOR : 8Braac C. Gaylord, LAED
AT&T Information System Laboratories
11800 North Pecos. Denver CO0. 80234
ogrux2'bcg, DR 31L60, (303)-538-1413

RSN R AR R R R N N R N N N A TN EE RN R

g

o R oNow RN BN W oW R NN KK N R RN N NN

/= the D_ERROR trace level is ALWAYS printed. see fatal_error() 7/
#gefine D_ERROR FAILURE
/" BLOCK numbers - the primary module trace levels.

* fach module uses a block of up to 10 trace levels.

* If D_MODULE 1s not saefinec before gdebug.h is »incluged,

* the trace levels will cefault to the range of O to 8.
O _MODULE must be rdefined so that BEGIN ang RETURN can work.

* Feel free to adg sdefines for blocks 70, 80 anc 20. See LEVELS.
: Do not use these constants in your calls to gebugl().

#define D_NO_MODULE <

#aefine D_MAIN 10

#oefine G_INPUT 20

#define D_SCAN - 30

saef ine D_TABLES 40

#oef ine D_TRANSLATE 50

#aefine D_INTERPRET lej

/" This cefinition for D_MODULE is the default block number ~/
#ifndef D_MODULE

#oefine D_MODULE D_NO_MODULE

rendif

ST TRACE Jewvels - the constants used in gebug() calls

* The following serve as offsets from the primary module trace levels.
* Feel free to add »defines for levels €=8, if you need them.

-

4

#oefine D_SUB 1 + D_MODULE /* secongary subroutines “/
#def ine D_FUN 2 + D_MODULE /* secongary functions Y
#define D_CRIT 3 + D_MODULE /" critical trace level v
#define D_IMP 4 + D_MODULE /" important trace level ~/
#agefine D_TRACE 5§ + D_MODULE /% ordinary trace leve! =/
#define D_TRIVIA 9 + D_MODULE /" trivial agetails v

* These macros are calleg in each routine, to alleow tracing
* of beginnings and returns of routines within a mpoule.
-

#cefine BEGIN( s ) char * rname = s: debug ( rname, D_MODULE, "Beginning"”
#gefine ERROR( s ) fatal_error ( rname, s )
#aefine RETURN aebug ( rname, D_MODULE, "Returned®" }; return

VOID cebug(), fatal_error();
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18
17
18
18

21

23
24

18 02:06:37 1884 T_tables.i
/-
: MODULE : TABLES
: manage the svmboi table, the function table, etc
" all tables are searched Tineariy.
: empty table entries are cencoted by “NO_VALUE" values.
T If a tapble index HAS_NO_VALUE, then that table is empty.
* USED BY: SCAN, TRANSLATE, INTERPRET mooules
:/
/" INCLUDE files reguired by this moocule: “/

#include
Ainclude
#inciude
#Finclude
#include

raefine
#include

<stdio.h>
<ctype.h>
“project.h®
"T_tables.h"
“files.h"

D_MODULE D_TABLES
"depug.n"

/% DEFINES local to tmis module */
#define NO VALUE FAILURE

saefine HAS_A_VALUE(n)

/" general definitions
/T entity encodes, etc

/.

/" primary moaule trace level

/1

file names

debug Tevels

( (NUM} (n) NE NO_VALUE )

#define HAS_ND_VALUE(n) ( (NUM) (n) EQ NO_VALUE )

/* external functions “/

char

strepy();

enar * strecat();
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HMon Nov 18 02:17:34 1984 T_pnltab.i

—=QWENONDHWN =

-

-

::' SUS_MODULE: T_pnitas.i

==* in MODULE: TABLES

::: DWNED BY:

"= USED
e

:" CONTAINS :

BY:

T pnitab.c
pr_tables()

places{], trans{], pl_iax, tr_idx

e
/= DEFINEs local to this sub-moaule: /
#cefine PLACES_SIZE 100 /"~ places table size
#define TRANS_SIZE 100 /" transitions tabie size
#def ine OUT_MAX 25 /" max » Of outputs
sogefine IN_MAX 25 /T max # of inputs
#define P_INIT c ST Initial Transition
sdefine P_FUNC 1 /" functional Transition
#define P_TERM 2 /T Terminal Transition

/™ global variables “local” to this sub-module: */

extern

> +trans [TRANS_S12E};

struct |
char
NUM
NUM
char

} places

extern

struct {
char
NUM
NUM
NUM
char
char
char
char
char

extern

NUM pl1_idx;

extern

NUM tr_tdx;

/= PLACES TABLE
sym [WORD_LEN};: /" place name
bag: /" # of tokens in & place
out [ouT_MAX]:; /~ output transitions
comment[LINE_LEN]; /™ PNL "#" comment

[PLACES_SIZE]: /= PLACES TASLE

/T TRANSITIONS TABLE
sym [WORD_LEN]; /* transition name

type; /= type: P_INIT, P_FUNC, P_TERM
in [IN_MaAX); /" input transitions

out [OUT_MaX]: /7 output transitions
comment[LINE_LEN]; /° PNL “#" comment

stim [LINE_LEN]; /= modef{0] -> nxt_moce iff stim
stim_nxt_moae: ST if stim then output nxt_mode
note [LINE_LEN]; /" annotation

warn  [LINE_LEN]; /% PNL “-* warning

/= TRANSITIONS TABLE

/" places table index

/" transtions table ingex
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Mon Nov 19 00:30:33 1984 T_symtab.i

QOO UN LGN -

- b

-m
TEE SUB_MODULE: T_symtap. i

EE F

::: in MODULE: TABLES

oo OWNED BY: T_symtab.c
::: USED BY: pr_tables()
me= CONTAINS:

=/

/" DEFINEs local to this sub-module:

#define SYMTAB_SIZE 100

#cefine MODE_LIST

/" global variables "local” to this sub-moaule:

extern
struct {
char sym [WORD_LEN]

char sym_suffix [wO

NUM sym_class;

NUM  sym_idx;

char comment[LINE_L
} symtab [SYMTAB_SIZE];
extern
struct {

NUM  idx;

NUM type:

} current:

extern
NUM sym_iox;

extern
NUM Init_Mode;

extern
EQOL Cloning:;

"every_moge® /~

RO_LEN]

EN]:

/.

symtab], sym_idx, current, Init_Mogs, Cloning,

-

"/
/T symbol table size
start of Mode_list

e

/" SYMBOL TABLE

/* symbol name

/" symbol name suffix
* symbo! class
function table

PNL °#¥" comment
SYMBOL TABLE

CURRENT ENTITY INFORMATION

/" symtab index

/i

/t

/-

/-

T_FUNCTION or T_I_O_DATA
CURRENT ENTITY TNFORMATION

symbol table index
fnitial Mooe

clening on/off flag (st_sym)

/" array of valid media names; used by T_symfun.c and T_print.c

extern
cnar = media []
#1fdef extern

= {
"keyboard”,
eeth,
"internal"®,
. "secongary_storage”
#
rendif
rgefine MEDIA_MAX 4

/-
/'

/-
/.
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Can not initializZe externs:
A]lowed types of media

end of mediall declaration

number of entries in mediafl]}

mediall

=

= 4

wa

=
e

=

=
e



Mon Nov 18 00:29:12 1984 T_funtab.i

~DUWRNHNBWN -

- b

-

TEE SUB_MODULE: T_funtab. i

mxx

=== in MODULE: TABLES

=== OWNED BY:

": USED

EE 4

=== CONTAINS:

:n/

8y:

T_funtab.c
pr_taples()

funtaol], fun_idx

/" DEFINEs local to this mogule: */
#define FUNTAB_SIZE 20 /" function table size
3

#aefina I0_MAX

/T max » of insout relations

/T global variables =/

extern
struct {

char
} funtab [F

extarn

NUM
NUM
NUM
NUM
NUM
NUM
char
char

NUM fun_idx;

/" FUNCTION TABLE

p_or_a; periodic or activity?
nec_cond: /" necessary congition
infI0_Max]; /T inputs

out[ID_MAX]: /T outputs

moge[ I0_MAX]; /" required modes
nxt_moaoe; /" next mode

stim [LINE_LEN]: /" moge[0] -> nxt_mode iff stim
note [LINE_LEN]; /T annotation

warn [LINE_LEN]: /% PNL "-* warning
UNTAS_SIZEY: /% FUNCTION TABLE

/* function table inaex
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REQUIREMENTS ANALYSIS USING PETRI NETS
by Brad Gaylord

AN ABSTRACT OF A MASTER’S REPORT

This paper suggests an extension to a current-generation
requirements language (typically used to express a static data flow
relationship via a "human-oriented" form-driven mechanism). This
extension will allow a Petri Net analysis to be performed on the
requirements specification.

An implementation is described which converts a requirements
specification into an augmented textual variant of the Petri Net
notation, and then interprets it to find indications of problem
areas (such as deadlock and starvation). The implementation will
involve the development of an augmented textual Petri Net language,
a preprocessor to translate regquirements specifications into the
Petri Net language and an interpreter to analyze the augmented
Petri requirements specification in order to generate reports.
While the requirements specification is modified into a form
suitable for "prototype execution" and dynamic quality analysis,
the reports which are produced still retain their human-oriented
aspect. The reports can be generated from various combinations of
the viewpoints of control, data and global state transition flow.

The implementation could be extended to incorporate graphical input
and output of the specifications, as well as the inclusion of Al
technigues. Because of their general applicability, the dynamic
analysis methods could be extended for use by similar tools in
other phases of the life cycle.



