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Chapter 1 - Overview

1.1 Introduction

The "Information Age' is a phrase coined in the last decade to
describe the revolution that has taken place in the computer
field. Ilarger, faster ard less expensive computers have been
built. However, as the hardware technology has taken giant
leaps, the software technology has been stumbling and is in a
state of confusion.

Guidelines were not available or not used by pecple developing
software systems. Each corporation was using their in-house
methodologies and sometimes even these were not being followed
by all. Management's thinking was that if quidelines were
enforced, it would take lorger to develop systems. Therefore,
guidelines were rarely enforced. Employees did not follow
guidelines because guidelines were not easy to follow and they
were often not. given time to learn them. Systems developed
without guidelines were poorly designed and often, once
implemented, required extensive maintenance.

out of all this confusion, ideas like 'structured programming’
and 'Structured Design' (1) emerged. There was actually going
to be an attempt to bring some order to this 'science' that up
to that point seemed to be uncontrollable. Well at times it
seems to still be under disarray but a conscious effort has



been made by both the academic and private sector in improving
ard organizing this 'science'.

The term 'structured programming' has been used with many
different meanings. It is a way of developing programs to
make them more readable and easier to understand. The goals
of structured programing are to devise orderly, efficient
methods for developing readable correct programs, and to
identify and explain tools and techniques for solving
programming problems (12). One of the design methodologies
that emerged was called Structured Design. This methodology is
better known today as the Yourdon-Constantine design
methodology. The methodology was introduced in 1974 in a
paper by W.P. Stevens, G.J. Meyers and L.L. Constantine (1) as
a response to the contimuing increase in cost for programmers'
time. The authors felt that simplicity was the key to
designing systems that would require less debugging and
modification time. They also stipulated that systems can be
divided into separate pieces in such a way that these pieces
can be considered, implemented, fixed and changed with minimal
considerations of effect on the other pieces of the system.
The methodology is based on the concept that systems should be
divided into simple, independent modules.

This project is cne of a group of projects at Kansas State
University that deal with automated development tools for the
software life cycle. Using the concepts of the Yourdon-



Constantine methodology, this project will generate a 'first!
cut software structure using data cbtained from the data flow
diagram. In order to arrive at a final design, the generated
structure will have go through extensive refinements. It is
planned that the input for this project will be cbtained
autcmatically from another project which is creating a Data
Flow Diagram from an Entity-Relationship-Attribute (ERA)
specification.

1.2 Fifth Generation

A subject of discussion among the computer scientists is the
Fifth Generation of camputing. A big stumbling block in the
development of a new generation of computers and of
information systems for these computers 1is software
ergineering (2). There will be a need for autcmated tools for
every phase of the software development 1life cycle, from

requirements specification generators to code generators to
test data generators.

System design is a major part of the system development cycle.
It is in the design phase that software is structured.
Decisions are made about the hierarchy of modules and what
each modules should do. These decisions are important since
good modular-designed systems are more reliable, easier to
maintain and to modify. Errors detected in this part of the
development cycle are usually more easily corrected than



errors detected during or after implementation.

It is estimated that between 40 to 60% of all software
development dollars is spent each year in conducting
corrective, adaptive, perfective ard preventative maintenance
(3). Most of these problems can be eliminated if a system is
properly designed and possibly designed with automated tools.

1.3 Design Approaches

The Yourdon-Constantine design methodology was introduced in
1974 (1) as Structured Design. The methodology was introduced
at about the same time that other major methodologies were
introduced such as the Jackson (3) and the Warnier-Orr (3)
methodologies. Both the Jackson's ard the Warnier-Orr
methodologies are based on the concept that the structure of
the system or software should be determined by the structure
of the data. The Jackson methodology states that problems
should be decomposed into hierarchical structure of parts that
may represented by the three structural forms: sequence,
repetition and condition. The Warnier-Orr design methodology
is also a data structure oriented design methodology.
However, the Warnier-Orr methodology stresses that the output
should be the place to start in defining a system.



1.4 Yourden-Constantine system desion methodology

The Yourdon-Constantine methodology is based on the concept
that the structure of the system should be determined by the
flow of data through the system. In order to describe the
flow of data through a system, a data flow diagram is used. In
general, a data flow diagram is a network representation of a
system (4). The system may be automated, marual or mixed.

Data flow diagrams (fig. 1.1) portray the system in terms of
its component pieces, with all interfaces amcng the components
indicated. Data flow diagrams are sametimes called Data Flow
Graphs or "bubble" charts. Data flow diagrams are generated
during the requirement analysis phase of the system
development life cycle. Data flow diagrams are made up of
four basic elements (4): 1) data flows, represented by named
vectors; 2) processes represented by circles or bubbles; 3)
files, represented by straight lines and 4) data sources and
sinks, represented by boxes. '

A data flow is a pipeline through which packets of information
of known composition flow. A process accepts an incoming data
flow and transforms it into an output data flow.
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A file is temporary or permanent storage of data. The data
could be stored on magnetic tapes, disk or any other data
storage device. A source or a sink can be an organization or
an individual that generates or receives data from the system.
A user of a system is usually considered a source or a sink.

The Yourden-Constantine methodology divides systems into two
groups 1) transform centered and 2) transaction centered.
This division of the system is required since the methodology
treats each group differently. Transform centered systems are
systems that have clearly identified input streams, central
processing and output stream (4). Transform centered systems
usually are very adaptable to this methodology. Transaction
centered systems are systems that 'represent a data item that
on evaluation triggers additional flow along one of a mumber
of selected paths' (3). 1In these types of systems scme
information is evaluated and based on the result of the
evaluation a path is selected for the data to follow.

1.5 Transform Analysis

Yourdon and Constantine in their book (5) define transform
analysis as 'a strategy for deriving initial structural
designs that usually are quite good (with respect to
modularity) and generally require only a modest restructuring



to arrive at a final design'. The important word in the above
definition is 'strategy' meaning that by following scme set of
procedures you will cbtain good results but not necessarily
perfect results.

Transform analysis divides a system data flow diagram into
three types of data elements: the afferent, efferent and the
transform (9) (fig. 1.2). The afferent data elements are
those high-level elements of data that are furthest removed
fram physical input, yet still constitute inputs (5).
Efferent data elements are those furthest removed from the
physical ocutputs which may still be regarded as outputs.
Transform data elements are those elements involved in the
transformation of the inputs into cutputs or afferents into
efferents.

There are several steps required to derive a software
structure from a data flow diagram (6). The steps are: 1)
draw a data flow diagram; 2) identify all the major input ard
output streams; 3) identify the point were each input stream
can no longer be considered an input; 4) identify the point
were each cutput stream can no lenger be considered output; 5)
identify the central transforms; 6) draw the top two levels of
the structure chart; 7) factor the second-level input, ocutput
ard central transform modules; 8) contimue to factor until the
entire problem has been depicted in the structure chart.
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The data flow diagram is derived from the requirement
specification. The data flow diagram describes the system by
using the four basic elements dataflows, processes, files,
data sources ard sinks. Drawing the data flow diagram is at
times difficult and time should be spent in refining the
original diagram until a diagram has been drawn that best
describes the desired system. Once the data flow diagram is
drawn cne can proceed to the next step of transform analysis.

One of the most difficult parts of the Yourdon-Constantine
methodology is to find where the input and cutput data streams
can no longer be considered inputs and ocutputs. It is at this
point that the data flow diagram is partitioned into the
afferent, efferent and transform.

After the data flow diagram has been partitioned the top two
levels of the structure chart can be drawn. The first level is
the main module for the system. The secord level is the top
module for each of the branches (fig. 1.3).

Oon the second level module for the afferent and efferent
branches, a third level module is attached for each major
irput and output path. On the transform's second level
module, a third module is attached for each 'bukble' in the
transform branch (fig. 1.4).
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The factoring of modules continues until all modules have been
broken down to their lowest submodules to a point where the
design can be called a final design (fig. 1.5).

This project will autamate the first part of the factoring
process, the one that determines the general 'shape' of the
software structure.

1.6 Summary

In camparing this methodology with other design methodologies
in use today, mainly the Jackson and the Warnier-Orr
methodologies, each suited for different types of
systems. Both the Jackson and Warnier-Orr methodologies are
best suited for systems where all the data structures in the

program are campatible.

The Yourdon-Constantine seems well suited for systems where a
data flow diagram can be easily drawn. One of the reference
states (10) 'We find that this method and particularly its
graphics do reveal previously unknown properties of same
systems This method turns out to be well suited to
design problems where a well defined data flow can be derived

from the problem specification'. The Jackson and Warnier-Orr
are well suited for system that have well defined data
structures (7).

One of the advantages of the Yourdon-Constantine methodology
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is that it usually produces system designs that are easy to
develop and to maintain (6). This methodology also ensures
the correctness of a design at an early stage reducing the
possibility of having to discard premature coding as the
system is factored into lower level modules (7). By deriving
a high modular design which the methodology encourages,
maintenance of the system is usually easier (7).

Same of the drawbacks discussed below, provide an incentive
for mechanizing the methodology. Some feel (11) that
partitioning of a system into afferent, transform and efferent
branches is artificial and that deriving the correct data flow
diagram is still an art. In mechanizing the methodology,
stricter rules may be enforced in partitioning a system.

The methodology has been described as hard to teach and that a
highly-skilled work force is required for the methodology to
be successful. By mechanizing the methodology, even by one or
two steps as this project will do, some of the difficulty in
teaching and learning the discipline will be relieved.

In researching the literature for this project, the author has
noticed a 1lack of literature on attempts or even discussions
on mechanizing the methodology. In one of the references (8)
it is even mentioned that the methodology cannot be mechanized
due to the lack of scphistication in available 1anguages- and
operating systems.
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This project is the mechanization of one of the steps of
transform analysis. The author believes that this project
should be contimued. Future projects should be able to
further mechanize this methodology for easier use and better
system design.
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Chapter 2 - Requirements

2.1 Overview

In order to be successful and useful this project must produce
a textual and tabular representation of a software structure
derived from a data flow diagram using the transform analysis
concepts specified by the Yourdon-Censtantine design
methodology. The tabular output will show the hierarchical
format of the modules in the system. In addition, there will
be an output that will describe each module individually.

The Yourdon-Constantine methodology is based on the premise
that the flow of data should determine the structure of the
system. The methodology uses the data flow diagram which has
been partitioned into afferent, efferent and transform
branches as input.

2.2 Imput

This project will use, as its input file, information derived
from the data flow diagram. This file may have been manually
created or may have been automatically generated by a
mechanized system that generates a data flow diagram from a
requirements specification. The input file will contain the
module name, its imput(s) and cutput(s) (Appx. A). It will
also contain whether the module is part of the afferent,
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efferent or transform branch. The input file will have
certain restrictions; the keyword 'module' must be immediately
followed by a colon. The keywords 'inputs' and 'outputs!'
shall immediately be followed by a colon and a 'newline'
character. The name of the mocule, the inputs and

particular the information must represent a complete data
flow diagram. If the data flows are not correct, branches may
be generated which will not be tied to the transforms.

2.3 User interaction

The initial input file does not have to contain the transform
analysis information (a, t, e). Therefore, the system shall
provide the capability of allowing the user to interactively
add the transform information to each individual module. In
order to cbtain the transform information the user shall
partition the data flow diagram into the afferent, efferent
and transform as cutlined in Chapter 1. The module will be
displayed and the user will be prompted to enter the proper
transform information (a, e or t) for the displayed module
(see Appx. B). If any module in the input file does not
contain the transform information, the system will not
generate any output.

After this information has been entered and on subsequent
runs, the user shall have the capability of interactively
changing the transform information for any module. This will
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be done by sequentially accessing each module and prompting
the user for the new transform information. On subsequent
runs for the same file, the user will be prampted to add
transform information only if a module does not contain it. A
description of how transform analysis is applied to a system
is included in Chapter 1.

2.4 Output

The project will produce two types of outputs showing the
hierarchical software structure. The types will be textual
ard tabular.

The first type of cutput will be textual. It will describe the
characteristics and interconnections of eaéh individual
module. This output will contain the module name, the
module's  inmput(s),  output(s),  superordinate(s)  and
subordinate(s). The individual modules will be grouped by
afferent, transform and efferent (see Appx. C).

The second type of output will be a tabular text. This output
will 1list the names of the modules in an hierarchical format.
There will be a main module which will have the name of the
system (input file), a main module for each of the afferent,
efferent and transform branches. A list of all the dependent
modules for each branch will be listed below each main module

(see Appx. D).
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With the above two outputs, a user will have both an
hierarchical representation of the system and a description of
each individual module that makes up the system. This
information will be useful in breaking down the modules into
submodules as the design is refined.

2.5 General characteristics

The software for this project will hardle systems with up to
150 modules. There is a maximm of 50 modules for each of the
branches the afferent, efferent and transform. However, the
rmumber of modules per branch can be altered by changing
parameters in the source code.

The system is modular in design. Each branch is processed by
different modules. This eliminates having to change all
branches if an error or a change occurs in cne of the
branches.
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Chapter 3 - Desicn

3.1 Introduction

The system was developed using the "C" programming language
ard the Shell programming language wurder a UNIX operating
system at Kansas State University.

Figure 3.1 shows the hierarchical software structure of
system, The system is modular in design in that
processing of the data is done by functions. Same of
functions have subfunctions that perform redundant tasks.
system can be divided into seven main sections; Process input,
Icad imput, Process transform, Process afferent, Process

B E R

efferent, Print each module, Print tabular report. The system
is executed by invoking the shell 'TRANSFORM'.

3.2 Process input

The process input part of the system, Fig. 3.2, 1is
responsible for the processing of the input into a data
structure that can be easily manipulated for later processing.

The input file will be cbtained either autcmatically from a -
system that generates a data flow diagram or it will be build
through an editor. The information contained in the input
file will be derived from a data flow diagram.
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The format of the input file has been designed for easy use
and understanding by the user (see Appx. A). The file
contains a module name followed by its input(s) and output(s).

PROCESS
INPUT
ADD CHANGE REFORMAT
READ TRANSFORM TRANSFCRM INPUT
INEUT "ADDTRAN" "CHANTRAN" "COMBL"
"oyt

Figure 3.2 -- PROCESS INPUT SUBSYSTEM

The input data is derived from the data flow diagram and it
may not contain the transform information: afferent, transform
or efferent (a, e or t). Module ADDTRAN is responsible for
prompting the user for the transform information. The user
will enter either an 'a', 'e' or 't'. If this information has
been added by ancther means (i.e. an editor), this module will
not prompt the user for the information. The user will ke
prompted only to enter information for the modules that do not
contain it. The transform information will be inserted in the
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record next to the module name with a space separating the two
(see Appx. B). A flag will be set if any of the modules are
without their transform information stopping the system from
executing further.

When all the transform information has been entered, the user
has the option to change this information. CHANTRAN is a
module that allows the user to change this information. The
user 1is prampted if changes are required. This module reads
the input file ard displays each record containing a module
name to the user. The user can either enter a, e or t if he
wants to change the information or carriage return if no

charnges are required. The process ends when all modules have
been displayed.

3.3 Reformating the input file

The imput file is formated to be easy for the user to
initiate, to read ard to change. However, this format is not
the best to use for processing. Two shell programs are used
to convert the original input file to a format that is easier
to process.

The CCMB1 shell cambines the module name with each of its
imut and outputs. These records are then sorted by module
name and record mmber. Shell OOMB2 formats these records in
a final form by cambining an input and an cutput with a module
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name. If a module has more than one input and/or output,
miltiple records are generated for that module.

3.4 Iocad input

The process IOAD INPUT fig. 3.3 is responsible for reading the
reformated input file armd loading it into its proper array
according to the transform information specified on each
record. The main function reads a string until a 'newline!
character is encountered. It then determines if the record is
part of the afferent, transform or efferent branch. Functions
IOAD A, IOAD E and IOAD T perform the actual loading. There
is an array for each transform type, and it is assumed that
all the records have the transform information.

LOAD
INPUT
"AFFTRA"

Y
LOAD LOAD LCAD
AFFERENT TRANSFORM EFFERENT
IILOAD_AH "LOAD_T" "LOA.D_E"

Figure 3.3 -- LOAD INPUT SUBSYSTEM
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3.5 Process transform

Figure 3.4 shows the hierarchical structure of the branch that
processes the transform type records. The transform records
determine the start of the afferent and efferent branches.
Therefore, these ©records have to be processed first.
T IOAD REC obtains an element of the transform array and it
loads the module name, input and output into hold areas. The
T POS OUT function accesses the next record and positions a
pointer to the begimning of the output field. Function
T _IN OUT campares this ocutput to the input in the hold area.
If there is a match, it means that this output and the input
do not connect to the afferent or efferent side of the
structure. If the two do not match the next record is
cbtained , the same comparison is done until there is a match
between two records or the list of records is exhausted.
Functions T POS IN and T OUT IN perform the same task in
camparing the output in the hold area to the input of the
remaining transform records.

As the records are matched they are also identified by placing
a character in the zero occurrence of the array. The
identifiers are as follows: a) a 't' signifies that the record
has no ties outside the transform branch; b) a 'd' if the
irput ties to the transform branch and the cutput to the the
imput of the efferent branch; c) a 'c' if the input ties to
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the afferent branch and the ocutput to the transform branch and
d) a 'b!' if the input ties to the afferent and the output to
the efferent branch. These identifications are important for
processing the afferents and the efferents.

3.6 Process afferent ard efferent

The processing of the afferent fig. 3.5 and efferent fig. 3.6
is similar; therefore, they are discussed together.

In processing the afferent branch, a module from the transform
branch identified with a 'b' or 'c' must be cbtained. These
are the module that get their input from the afferent branch.
Once a medule has been found through the function GET TRANS,
its input is loaded into a holding area. The function
FIND 1 MOD finds the module in the afferent that is connected
to the transform module via its output. When found the
location of the input array where the transform module is
stored is stored in a different array. This array will also
store the location of the supercrdinate and the subordinate of
each module. The module's superordinate and subordinate are
found by matching the output of the module with the input of
other modules for the superordinate and by matching the input
of the module with the cutput of other modules to find the
subordinate. The functions to do this are F A SUP and F_A;SUB
with other functions that position and match the two fields.
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A search is made of all the remaining afferent modules to
locate any other records that contain the same module name.
It is possible for a module to have more than one input
record. This occurs when a module has multiple inputs and/or
outputs. The location of these modules is also stored and it
will be used when the output is generated.

The process afferent routine is repeated until all the modules
in the afferent branch have been processed. As stated before,
the routine to process the efferent branch records is similar
to the afferent routine. It must be kept in mind that where
the input is used in the afferent branch the output must be
used in the efferent branch, and where the cutput is used in
the afferent branch the input must be used in the efferent
branch.

3.7 Print afferent, efferent and transform

The system produces two types of outputs: a) a textual output
(Appx. C) of each individual module listed by afferent,
transform and efferent, and b) a tabular output (Appx. D)
listing in hierarchical order the modules' names under the
headings of afferent, transform and efferent.

As in the previous processing, the modular output for the
afferent and efferent modules is similar; therefore, only the
afferent will be described. Figure 3.7 shows the hierarchical
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structure of this branch.

PRINT
MODULES
"AFFTRA"

b

PRINT PRINT PRINT
AFFERENT EFFERENT TRANSFORM
"PRINT AFF" "PRINT_EFF" ['PRINT_TRANS'|

Figure 3.7 —-- PRINT MODULES SUBSYSTEM

An array has been populated with the location of all afferent
modules in the previous section. This information will be
used to print each individual module with its input(s),
output(s), superordinate(s) and subordinate(s). A location of
a module is cbtained from the above array. The module name,
its input, output, superordinate and subordinate is loaded
into holding areas by the function A P IOAD. Function
A P MATCH accesses the module name in the next location and
the module name of this module is campared with the module
name in the hold area. If there is a match the module's other
information the ir1pﬁt, output, superordinate and subordinate
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are matched. The information that matches is disregarded but
the information that does not match is saved in hold areas.
When there is a change in module name, the module and the
associated information is printed. This process is repeated
until all modules have been processed. 2Again, this procedure
also applies to the printing of the modules and their
information in the efferent branch.

The transform branch is processed and printed in the same
fashion as the afferent ard efferent; therefore, it will not
be repeated.

3.8 Produce tabular output

The tabular cutput is processed by the function PRINT ORDER.
This function accesses the array where the locations of the
afferent and efferent are stored, the array where the
transform modules are stored, and sequentially print the
module name under the heading of AFFERENT, TRANSFORM and
EFFERENT.

3.9 Conclusion
In designing the system, attention has been given in designing

a system that is easy to maintain and to modify. Functions
ard subfunctions were coded to perform redundant tasks. Each
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branch of the transform has been designed to use separate
functions. Scame of these functions may appear to perform the
same tasks and they do; this was done to keep the branches
separate. If it becames necessary to change ocne of the
branches, the other two branches will not have to be changed.
This design approach has resulted in having to write more code
but I believe that the payoff will be in ease of maintaining
the system.
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Chapter 4 - Implementation

4.1 General implementation

The system developed in this project is.ccmposed of three (3)
"C" language programs ADDIRAN.C, CHANTRAN.C, AFFTRA.C and
three Shell programs TRANSFORM, COMBl and CCMB2. The system
was developed and implemented on a computer using a UNIX
operating system.

In designing the software for the system, a lot of time and
effort was spent in making the software modular and easy to
use. As discussed in various design methodologies especially
the Yourdon-Constantine methodology, modular designed systems
are easier to test and to maintain.

The main "C" program for the system (AFFTRA.C) is divided into
three main parts each to process the afferent, efferent and
transform. Same functions perform similar processing in each
part. This was done so that if any of the parts charge, only
that portion of the software has to be changed.

The system is easy to execute, the user simply invokes the
Shell program "TRANSFORM”. The system leads the user through
a series of questions and answers to see if transform
information on the input file has to be added or changed.
(See Appx. for camplete user instructions).
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Even though a lot of time and effort was spent in making the
system flexible and easy to use, the system does have some
limitations. The system expects that the input file be a
correct textual representaticn of the data flow diagram. The
system prampts the user if transform information is missing.
However, it will not check the information for correctness.

The system expects a file that is ! -1like' were the output
of a module is the input to ancther module. If the input file
does not represent a correct data flow diagram, the results
are unpredictable. |

The system can hardle input from data flow diagrams that have
a maximm of fifty (50) modules in each branch the afferent,
efferent and transform. If there are systems with more
modules than the above, the system can be easily modified to
handle them. The names of the modules, the inputs and outputs
is limited to twenty (20) characters each. Each module can
have a maximum of five inputs and five outputs. The input
file must be arranged in a specified format (see Appx. A ).
One of the system cutputs is a textual representation of the
software structure of the system. The structure represents a
'first' cut representation of the Yourdon-Constantine
methodology. From this tabular output a final software
structure can be marually derived.
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4.2 Testing

The system was tested using inmput information taken from data
flow diagrams of various sizes. The system was not tested
with an input file which contained more than fifty (50)
modules per branch. In such a case, it can be predicted that
the system will fail on the basis that the arrays that hold
the module names, inputs and ocutputs will overflow.

The size of the systems tested ranged from systems with 10
modules to systems with a total of 25 modules. Under the
above circumstances, the system responded as expected with
respect to the execution time and the output produced.
Execution time varied from 2 to 5 seconds again deperding on
the size of the system and the mumber of users.

As previcusly menticned the system expects an input file that
is a true representation of the data flow diagram. The system
only requires that each module contain whether the module
belongs to the afferent, efferent or transform branch of the

data flow diagram.
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Chapter 5 - Conclusions

5.1 Conclusions

The initial requirements of this project were to develop a
system that would take data from a data flow diagram and by
using the Yourdon-Constantine design methodology produce a
'first! cut textual and tabular representation of the software
structure of a system. The requirements have been met.

This project was cne of a group of projects done at Kansas
State University on mechanized software development tools. If
the age of the Fifth Generation of computing is to occur,
mechanized software development tools must be developed to
cbtain full use of the advanced hardware.

In researching this project, the major system design
methodologies were reviewed. The methodologies included the
Jacksen's, the Warnier-Orr's and of course the Yourdon-
Constantine's methodology. ©One thing that became clear is
that no one methodology solved all system design problems.
While both the Jacksen's and the Warnier-Orr's are based on
the concept that the structure of the system should be
determined by the structure of the data, the Yourden-
Constantine methodology is based on the concept that the
structure of a system should be determined by the flow of data
through the system.
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There are systems where the Jackson's and Warnier-Orr's
methodologies work better and same where the Yourdon-
Constantine's works better. With the advent of faster and
less expensive camputers, it may come a day when all of the
methodologies will be mechanized and systems may be designed
by using the best characteristics of all of the above
methodologies.

Design methodologies may not be ideal for every type of
system; but when properly applied, they result in systems that
are easier to test and to maintain. However, because they are
hard to learn and use these methodologies are often improperly
used or not used at all. It is through mechanization that
these methodologies will became easier to learn and to use.

5.2 Extensions

There are a few possible extension which would make this
system easier to use.

The input for the system could be autamatically generated by a
system that takes the ERA specification and converts it into a
data flow diagram. This would relieve the user of having to
generate the input file which introduces the possibility of
errors in describing the inputs and outputs for a module.

One of the outputs produced by the system is a tabular
representation of the ‘'transformed' system showing the
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afferent, efferent and transform modules. An extension to
this project could be to take this tabular ocutput and produce
a graphical representation of the software structure.

The software structure produced by the system is a 'first' cut
representation of the software structure. Each of the modules
generated by the system can be 'exploded' into submodules
until a final software structure is cbtained.

Ancther extension would be to populate a data dictionary with
the name of the modules and their inputs and outputs. This
would ensure that a standard naming convention would be used
for the modules, inputs and outputs.

These are scme of the extensions which I feel would enhance
the system, make it more useful and easier to use.
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ocutputs

new master rec
module: format output
inputs:
new_master |
umatched mast
outputs:

form mast

module: add check
inputs:

form mast

cutputs:
new_master
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inputs:
seq_cards
outputs:
valid card
module: reformat a
inputs:
valid card
form up:iate

o
module: validate a

new master rec

module: format cutput t
irputs:

new_master :

urmatched mast

outputs:

form mast

module: add check e
inputs:

form mast

outputs:

new_master
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Appendix € = Module textual output

cutput(s): valid card

module name: seg

uence
input(s): update card
. : seq

superordinate(s): edit

#% EFFERENT MODULES *#*

module name: add check
input(s): form mast
ocutput(s) : new master
supercrdinate(s) : main
subordinate(s) :

45



** TRANSFORM MODULES %%

module name: format output
input(s): new master rec
umatched mast

ocutput(s) : form mast

module name: match
input(s) : master area
form update
output(s) : matched set
umatched mast

module name: update
input(s) : matched set
output(s) : new master rec
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expgm
validate

reformat
edit

Appendix D — Module tabular output

TRANSFORM

format output
match

update

add_check
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Apperdix E — User's quide

'USER'S GUIDE'

Before the system can be invoked, the user must build an input
file containing the imput information (see Appx. A). To
invoke the system, the user shall enter: ‘'transform', this
will invoke the main shell program.

The system will prampt the user: 'Please enter the name of the
system that you want to transform:'. The user enters the name
of the input file. If the file does not exist, the system
will display: 'invalid system (file name) please re-enter'.

¥When a valid system name is entered, the program 'ADDTRAN' is
executed and if any of the modules in the input file do not
contain transform information, the user is prompted: 'enter
transform information' At this time the user must enter 'a’',
'e!, or 't' deperding on whether the module is part of the
afferent, efferent or transform.

If all the modules in the input file contain transform
information the user is prompted: 'do you want to change any.
transform information? (y or n):'. If the user enters 'y',
the system will step through all the mcdules in the J'nput-file
ard the transform information for any or all mcdules may be
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changed. To skip a module press 'carriage return'.

After the transform information has been changed, the input
file is processed by the program 'AFFTRA'!. This is the main
program which reads the imput file and produces the system's
outputs consisting of the individual modular cutput and the
tabular ocutput format. (See Appx. C & D). The user is then
prampted: 'do you want the ocutput printed on the printer?: (y
or n)'. If the user answers 'y' the ocutput is printed on the
system's printer otherwise it is printed on the user's
terminal.
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ApperﬂiﬁcF—ErFsyntax

"Input syntax"

<input_module> ::= <in mod keyword> <mod_name>
<input fixed> ::= <inp keyword>

<input text> ::= (<inp description>}
<output fixed> ::= <output keyword>
<output text> ::= {<ocut description>)
<mod_keyword> ::= 'mocule: !

<mod name> ::= {<alpha> <mmerics>}

<inp keyword> ::= ‘inputs: '

<inp description> ::= {<alpha> <nmerics>}
<out_keyword> ::= 'cutputs: '

<out description> ::= {<alpha> <mmerics>}
<alpha> (= a |...| 2

<umerics> $:=0 |...]| 9

"Modular ocutput syntax"

<transf type> ::= <type keyword>
<out mod> ::= <out mod keyword>
<out mod name> ::i= <med name>

<out_input fixed> 1= <out _inp keywoxDlsrd>
<input description>

<out_input name> ::= (<input description>}

<out_output fixed> ::= <out out keyword> <output description>
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<out_output name> ::= (<output description>}
<sup fixed> ::= <sup keyword> <sup description>
<sup name> ::= {<sup description>}

<sub fixed> ::= <sub keyword> <sub de scription>
<sub name> ::= {<sub description>}

<type keyword> ::= '#* AFFERENT **' | '#% EFFERENT %%!
- 4% TRANSFORM #*'

<out_mod keyword> ::= 'module name: '

<mod _name> ::= (<alpha> <mmerics>}
<out_imput keyword> ::= 'input(s): '

<input description> ::= {<alpha> <mmerics>}
<out _out keyword> ::= 'output(s): °

<output descripticn> ::= {<alpha> <mmerics>}
<sup keyword> ::= 'superordinate(s): '

<sup description> ::= (<alpha> <umerics>}
<sub_keyword> ::= 'subordinate(s): '

<sub description> ::= {<alpha> <mmerics>}

<alpha> :tt=a |...| Z 1s{_ <mmerics ::=0 |...| 9

"Tabular cutput syntax"

<header> ::= <sys_ name>
<sub_header> ::= <branch name>
<sub_aff> ::= {<aff sub branch>}
<mocules> ::= {<mcdule names>}
<sys name> ::= <cap letters>

<branch name> 'AFFERENT' |
'TRANSFORM' |



' EFFERENT'
<aff sub branch> ::= 'AFF’

<eff sub branch> ::= 'EFF"’

<module names> ::= (<alpha> <mumerics>)
<alpha> = a |...| 2
<mmerics> 1:= 0 |>>>| 9

52
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Appendix G =—— Program Specification

Program name: transform

"Transform" is the main shell program, it drives the entire
system. The user executes the system by invoking the shell
"transform". "Transform" prompts the user for the name of the
system to be processed ard verifies that the file exists., If
the file does not exist, an error message is issued and the
user is asked to reenter the name of the system to be
processed.

"Transform" invokes the other programs, ‘“addtran.out",
"chantran.out", "combl", "comb2" and "afftra.out" (see program
specification for more information on the akove programé) .
After the execution of "afftra.cut", "transform" prampts the
user if the system outputs are to be printed on the 1local
printer or at the user"s terminal.
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Program name: addtran.out

Input file: dataflow
Output file: allin.cut

"Addtran.out" is the compiled version of program "addtran.c".
The "addtran.out" program is used to check if all of the
modules in the input file have transform information "a", "e!
or "t". The program locks for the keyword "module:" and when
it finds it the module is checked for the transform
information "a", "e" or "t". If the transform information is
found, the program contimies to scan the input file. If the
transform information is not present, then the program prompts
the user to enter the transform information. If all of the
modules contain the transform information, no messages are

issued by the program.
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Program name: chantran.out

Imput file: dataflow
Output file: allin.out

Chantran.ocut is the compiled version of chantran.c. The
chantran.out program is wused to change the transform
information associated with an input module. When the user
indicates the transform information associated with a module
is to be changed, chantran.out reads the input file and
searches for the keyword "module:". When the keyword
'module:" is found, the module name with its transform
information is displayed and the user is prompted to enter the
new transform information or a "carriage return". The program
validates the entered information. If a "a", "e", "t" or
"carriage return" have been entered, the program proceeds to
the next module name. The above is repeated until all of the
modules have been processed. If the wrong information is
entered, the program issues an error message and prompts the
user to reenter the informatien.
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Program name: afftra.ocut

Imput file: allin.in
ouptut file: ocutput

Afftra.out is the compiled version of the program afftra.c.
Afftra.out is the main program of the system. The first part
of afftra.out reads the input file and loads each module with
its irmput(s) and output(s) into separate arrays. There is one
array for each branch of the transform the afferent, the
efferent and the transform branch.

After all modules have been locaded starting with the
transform, each branch is processed. The transform branch is
processed first since both the afferent and the efferent
branches start at the transform branch. Once the transform is
processed and the start of the afferent ard the efferent has
been determined, the afferent branch is processed next.

Each branch is processed in a "chainlike" fashion since the

output of a module is the input to ancther module. This

process 1s repeated for the efferent branch. When all modules

have been processed, the program produces two types of

outputs: 1) the listing of each module by branch with its.
input(s), output(s), sub-ordinate and sup-ordinate module(s)

and (2) a tabular output which lists under the heading of
YAFFERENT" "TRANSFORM" and "EFFERENT" all of the modules that
make up the "transformed" system.
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Appendix H =- SHELL listings

"TRANSFORM"

this is the main driver of the
systenm to transform data flow to
a software structure

echo "Please enter the name of the system that
you want to transform:"
read sys

caps='echo $sys | tr '[a-2]' '[A-2]"!
mérgil test -r $sys
echo "invalid system $sys please reenter:"
S

cp $sys dataflow
addtran.out

echo nn

m nn

echo "do you want to change any transform
information? (y or n):"

read ans

if [ I|$ansll = Y ]
then

cp allin.ocut dataflow
chantran.out

i

cp allin.out $sys

cp allin.out dataflow
rm outl ocut2 cut3
cambl.in

sort outl > out2

carb2.in
cp out3 allin.in

afftra.out $caps > ocutput
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echo"doymwantﬂmmtéxrtprﬁrtedontheprinter? (y or

n)
(else it will be printed on the terminal):"
read print

if [ “$print“ =y ]
then

1lpr output
else

cat output
fi
THE END

"CoMBl1. INY

awk -s !
BEGIN { mod=': ':;
mt=l| ll}
$3 = "“inputs:" (inp=$4)
$3 == "outputs:" {ocut=$4)
$1 == mod (print med "," inp "," cut)
$1 !=mod {mod=$l}' out2 >> out3

"ooMB2 . INY
awk -s '
BEGIN {mcd='z' ;
mumber=0 ;
le}
/module:/ (mod=$2 ;
tran=$3 ;
mmber=0}
/inputs:/ (mmber=0 ;
type=“inpnrl'_s:“}

/outputs:/ (mamber=0 ;
W "

(if (mumber>=1 && type= ‘outputs:") (print mod " *
mumber " “type“ no§1 ", " tran

else
if (mumber>=1 && type=' i‘l’m " {prj_nt mog n v
mm" “tym“ " $1}}'
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Apperdix I — ADDTRAN listing

/+* PROGRAM ADDTRAN.C */
#INCLUDE <STDIO.H>
CHAR STRING2[S01;
MATM()
{
INT I,N;
FILE *RPTR,*WRPTR;
RPTR=FOPEN( "DATAFLOW", "R");
WRPTR=FOPEN{ "ALLIN.OUT", "W");
WHILE (1)
{

1 = 0;
DO

STRING2 [++I] = *\Oo‘;
WHILE (I < S5Q);

FGETS (STRING2,50,RPTR);

IF (FEQF(RPTR))

BREAK;

IF (STRNCMP(STRING2,"MODULE:",7) != 0)
FPUTS (STRING2,WRPTR):
ELSE

IF (STRING2 [STRLEN(STRING2) - 3] == * )
FPUTS (STRING2,WRPTR);

ELSE

{

GET_TRANS();
FPUTS (STRING2, WRPTR):

59

/*THIS FUNCTION ADD THE TRANSFORM INFORMATION TO THE MODULE NAME

BY PROMPTING THE USER FOR IT =*/

GET_TRANS()
{

INT I;

CHAR C, D:

c = ‘'
D=’ ";
PRINTF ("\N"):

PRINTF (" THE FOLLOWING MODULE DOES NOT CONTAIN TRANSFORM INFO.");

PRINTF (“\N\N");
PRINTF ("%S\N", STRING2):

PRINTF ("PLEASE ENTER AFFERENT, EFFERENT DR TRANSFORM (A, E QR T):*);

ENTER:

C = GETCHAR();
IF (C_== '\N’)
RETURN;

D = GETCHAR();

IF ((c == *A") |} (C =
{

]
~
-
~
—
—
(2]
n
n
-~
m
-
—
—



I = STRLEM(STRING2);
STRING2 [I - 1] = * *;
STRING2 [I] = C:
STRING2 [++I] = "\N':
}
ELSE

{
PRINTF ("PLEASE ENTER A,
GOTO ENTER;

H

E DR T:");

60
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Appendix J =—— CHANTRAN listing

/* PROGRAM NAME : CHANTRAN.C =*/
#INCLUDE <STDIO.H>
CHAR STRING2Z[50];
MAIN()
{
INT I,N;
CHAR C, D;
FILE *RPTR.*WRPTR;
RPTR=FOPEN( "DATAFLOW", "R");
WRPTR=FOPEN("ALLIN.OQUT","W");

€l

PRINTF ("%S\N", "THE SYSTEM WILL STEP THROUGH ALL THE MODULES.");

PRINTF ("%S\N", "IF YOU WANT TO CHANGE THE TRANSFORM INFORMATION,"):

PRINTF ("%S\N", "WHEN THE MODULE IS DISPLAYED ENTER A, E

PRINTF ("%S\N", "CARR. RETURN ACCORDINGLY.");
WHILE (1)
{

I = 0
Do

STRING2 [++I] = *\O’;
WHILE (I < S0):

FGETS (STRING2.50,RPTR);

IF (FEOF(RPTR)})
BREAK;

IF (STRNCMP(STRING2, "MODULE:",7) 1= 0)
FPUTS (STRING2,WRPTR):

ELSE ’

{

PRINTF ("\N\N"):

PRINTF ("%S\N", STRING2);

PRINTF ("PLEASE ENTER NEW INFO. A, E, T OR CARR.

C = GETCHAR();

IF (C == *“\N')

{

FPUTS (STRING2,WRPTR);
CONTINUE;

}

D = GETCHAR();
GET_TRANS(C);

FPUTS (STRING2, WRPTR};

}
}
}

RETURN :

OrR T7");:

/*THIS FUNCTION ADD THE TRANSFORM INFORMATION TO THE MODULE NAME

EY PROMPTING THE USER FOR IT */

GET_TRANS(D)
CHAR D;
{

INT I;
CHAR C;
c =D;

ENTER:



I
{

}
E

{

}
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F ((C == "A*) || (C == ’T’) |} (C == 'E'))

IF (STRING2 [STRLEN(STRING2) - 3] == * ’)
1 = STRLEN(STRING2) - 2:

ELSE

I = STRLEN(STRING2);

STRING2 [I - 1] = ¢ *;

STRING2 [I] = C;

STRING2 [++I] = “\N’:

LSE

PRINTF ("PLEASE ENTER A, E OR T:");:
C = GETCHAR();
IF (C == *\N’)
RETURN;
D = GETCHAR();
GOTO ENTER:



Appendix K — AFFIRA listing

1 /* PROGRAM NAME : AFFTRA.C */

2 #INCLUDE <STDIO.H>

3 CHAR AARR[SO][40];

4 CHAR EARR[50][40];

5 CHAR TARR[S0O][40]:

6 CHAR ARR[40];

7 CHAR H_MODULE [20]:

8 CHAR H_INPUT [6][20];

9 CHAR H_OUTPUT (8][20]:

10 CHAR H_SUPER [68]1{20]:

11 CHAR H_SUB [6][20]:

12 CHAR HOLD_MOD[40];

13 INT TAB_COUNT;

14 INT LIST_COUNT;

15 INT IN_COUNT, QUT_COUNT, SUP_COUNT. SUB_COUNT;
16 INT MOD_ORD_TABLE [50][4];
17 INT E_MOD_ORD_TABLE [50]1[4];
18 INT A_COUNT, E_COUNT, T_COUNT;
19 INT T_E_COUNT:
20 MAIN(ARGC, ARGV)
21 INT ARGC;
22 CHAR =*ARGV[];
23 {
24 FILE *RPTR.*WRPTR;
25 INT I, N,X ;
26 A_COUNT = 0;
27 E_COUNT = O;
28 T_COUNT = O;
29 X=0;
30 I=1;
31 N=0Q;

32 RPTR=FOPEN( "ALLIN.IN","R"):
a3 WRPTR=FOPEN( "ARRAY.OUT", "W");
34 WHILE (1)

3s {

36 WHILE ({ARR[++N] = FGETC (RPTR)}) != ’\N’)
37 {

as IF (FEDF(RPTR))

39 BREAK;

. 40 CONTINUE;

41 }
42 IF (FEOF(RPTR))
43 BREAK;
44 IF (ARR[N - 1] == ’A’)
45 LDADA (N);
46 ELSE IF (ARR[N-1] == ‘E‘')
47 LOADE (N);
48 ELSE
49 . LDADT (N);

50 N=0Q;

51 I=1+1;

52 }

53 »

54 TRANS_P ();

55 AFF_P();

56 PRINT_AFF();



68
69
70
71
72

EFF_P();

PRINT_EFF(};
PRINT_TRANSF();

PRINTF ("\F");
FOR (I = 1; I < ARGC; [++)

PRINTF ("%485%C",
PRINTF ("\N\N");

PRINT_ORDER();

}

/#**tttt*t**t*t*t*******t#t***\k*\k****tit*t****t*****tGt*****tt**&**[
/ka**t**:*tt*tt**tt*tit*****k***i#tt*t**x*tt*tt#tttt#xti**t**ﬁ*tit*/

/* LOAD FUNCTIONS =/

/*

LOADA (A)
INT A;

INT I;

A_COUNT = A_COUNT + {;
I = 0;

WHILE (A >= ++I)

{

/* PUTCHAR (‘A‘’) «/
AARR[A_COUNTI}[I] = ARR[I];
}

LOADE (A)
INT A;

INT I;

E_COUNT = E_COUNT + 1;
I = 0;

WHILE (A >= ++1)

/* PUTCHAR (’E’) =/
EARR{E_COUNTI[I] = ARR[I];

PRINTF ("%C", EARR{E_COUNT][I]1)}; =*/

}

LDADT (A)
INT A;

INT I;
I=0;

T_COUNT=T_COUNT + 1;
WHILE (A > ++1}

{
/% PUTCHAR (’'T’'); */

TARR[T_COUNTI[I] = ARR[I];
}

(ARGV[I]), (I < ARGC-1) 7 *©

‘AN");

64



105 }

106 /e ok ok ok ok ok sk ok e e e e ok ke ok kR Ok ko Rk Rk Rk ek k kR ok Rk kK kb Exdrkkr i/
107 R R
108 /*THIS IS THE MAIN TRANSFORM FUNCTION.

109 THE PURPOUSE OF THE FUNCTION AND ITS

110 SUBFUNCTIONS IS TO ACCESS THE TARR ARRAY

111 AND FIND THE START OF THE AFFERENT BRANCH{ES)
112 AND THE EFFERENT BRANCH(ES).=*/

113 CHAR HOLD_IN[20],HOLD_ouT[20];

114 TRANS_P ()

115 {

116 INT MOD, F, G, I, K. N;

117 MOD = O;

118 F = O;

11g WHILE (++MOD <= T_COUNT)

120 {

121 IF (T_COUNT == 1)

122 {

123 TARR[1][0] = ‘B*:

124 BREAK;

125 }

126 T_LOAD_REC (MOD);

127 N = MOD;

128 F = 0;

129 K = 0;

130 /* PRINTFE ("%S %DA\N", "MOD{ = ", MOD); =/
131

132 WHILE ((N t= (MDD - 1)) 8&& (F !'= 1))
133 {

134 /* PRINTF ("%S %D\N", "MOD2 = ", MOD); */
135 /* PRINTF ("%S %D\N", "Ni1 = ", N):; *=/
136 I[F (N == T_CDUNT)

137 IF (MOD == 1)

138 BREAK

139 ELSE

140 N = O:

141 N =N+ 1;

142 /+* PRINTF ("%S %D\N", "N2 = " “N); */
143 K = T_POS_OUT (N};

144 F = T_IN_OUT (N,K);

145 /* PRINTF ("%S %D\N", "F = ", F); =/
146 }

147 PUTCHAR (’N’);

148 N = MOD;

149 G = 0;

150 WHILE ((N I= (MOD - 1)) && (G !'= 1))
151 {

152 IF {N == T_COUNT)

153 {

154 IF (MOD == 1)

155 BREAK;

156 ELSE

157 N = 0;



158 }

159 N =N+ 1;
160 I = T_POS_IN (N);

161 G = T_OUT_IN (N,1);

162 . /* PRINTF ("%S %D\N", "G = ", G); */
163 }

164 IF (F == 1)

165 {

166 IF (G == 1)

167 /* 1/0 TRANSFORM =*/

168 TARR[MOD][0O]) = *T*;

169 ELSE

170 /* I-TRANSF, D-EFF., =/

171 TARR[MOD][O] = 'D’;

172 }

173 ELSE

174 IF (G == 1)

175 /* 1-AFF., O-TRANSF =/

176 TARR[MOD][O] = 'C’;

177 ELSE .

178 /* 1-AFF., D-EFF. =/

179 TARR[MOD][0O] = 'B";

180 }

181 }

182 /*THIS FUNCTION POSITIONS POINTER TD THE
183 INPUT FIELD THEN LOAD INPUT AND QUTPUT INTO[

184 HOLD_IN AND HOLD_GUT ARRAYS </

185 T_LDAD_REC (N)
186 INT N:

187 {

188 INT I, J, P;

189 CHAR C;

190

191 I = 0;

192 J = 0;

193 DO

194 C = TARRI[N][++1];

195 WHILE (C != 7 ,”); /+POSITIONS I AFTER MOD. NAME+*/
196

197 Do

198 HOLD _IN[++J] = TARR[NJ[++I]:
199 WHILE (HOLD_IN[J] != *,*); /*LOADS INPUT */
200 /* PRINTF ("%S\N", "HOLD_IN"};
201 P = O;

202 Do

203 PRINTF ("%C", HOLD_IN[++P]);
204 WHILE (P <= J); =/

205 J = 0

206 Do

207 HOLD_QUT[++J]} = TARR[N][++I]:

208 WHILE (HOLD_OUT[dJ] t= ‘,'); /+ LOADS OUTPUT */



209
210
211
212
213
214

215
216
217

218
219

220
221
222

223
224
225
226

227
228
229
230
231
232

233

234

235
236
237
238

239
240

241
242
243

244
245
2486

247
248
249
250
251
252
253

/* PRINTF ("%S\N", " HOLD_QUT ");
P = 0;
Do

PRINTF (“%C", HOLD_OUT[++P]);
WHILE (P <= J); =/
}

/*THIS FUNCTION ACCESSES THE NEXT TRANSFORM

RECORD AND PLACES THE POINTER TO THE
BEGINNING OF THE OUTPUT FIELD =/

T_POS_DUT (N)
INT N:

{
INT COMMA_COUNT, J. L;:

CHAR C;

/* PRINTF ("%S\N", " ENTERED T_PO_OUT");
COMMA_COUNT = O:

J = N;

L = 0O;

WHILE (COMMA_COUNT < 2)
{

C = TARR[yJ[++L];
IF (C == ,")
COMMA_CDUNT = COMMA_COUNT + 1
}

RETURN (L);

/* FUNCTION TO MATCH JINPUT TO ON

OF THE OUTPUTS.

POINTER IS SET AT START OF QUTPUT FROM
T_POS_OUT FUNCTIDN */

T_IN_OUT (N,L)
INT N,L:

{

INT I, J, C;

/* PRINTF ("%S\N", " ENTERED T_IN_OUT");
0;

0:
N;

o !I

HILE (C == 0)

~E CO-

C = STRCMP (HOLD_IN[++1],TARR[U][++L]);

v/

*/

/* PRINTF ("%C %C\N", HOLD _IN[I], TARR[JIILI); =/
IF ((HOLD_IN([I] == ',’) && (TARR[J][L] == *.,"))

RETURN (1); /* MATCH FOUND =*/
}
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254

255

256
257
258

259
280
261

262
263

264
265
266
267
268
269
270
271
272
273
274

275
276

277
278
279

280
281

282
283
284
285
286
287
288

289
290

291

68

RETURN (O); /= NO MATCH FOUND */

/* THIS FUNCTIDN ACCESSES THE NEXT
TRANSFORM RECORD AND PLACES THE
POINTER AT THE BEGINNING OF THE INPUT =*/

T_Pas_IN (N)
INT N;
{

INT I, J;
CHAR C;

/* PRINTF ("%S\N", " ENTERED T_POS_IN"); */

I
J

won
Z

Do
(C = TARR[JU][++11]);
WHILE (€ 1= 7, *);

RETURN (I};

/* THIS FUNCTION LOOKS FOR A MATCH FOR THE OUTPUT
OF THE MODULE BEING REFERENCED WITN AN INPU
OF THE REST OF THE TRANSFORM MODULES */

T_OUT_IN (J, L)
INT J, L:

{
INT C, I;
/% PRINTF ("%S\N", " ENTERED T_OUT=IN"); */

I
c

0;
0;

WHILE (C == Q)
{

€ = STRCMP(HOLD_QUT[++I],TARR[J][++L]);

/* PRINTF ("%C %C\N", HOLD_OUT[I], TARR[UJ][L]): */

IF ((HOLD_OUT[I] == ’,*) &B& (TARR[U][L] == ¢,"))
RETURN (1); /*=MATCH FOUND */

}

RETURN (0); /* NO MATCH FOUND +/
}

/‘t***t*********t**********t*******k**ttttt*tt*,t*t*tv**tt***i*{



292

293
294

295
296
297

298

299
300
301
302
303
304
305
306
307

308
309
310
3t
312
313

314
315

316 -

317
318
319

320
321
322
323

324
325

326
327
328

329
330
331
332
333

334
335

69

f*tt**t**t*ttt*t***t*t******tttt******#ﬁt***t**t*#***ﬂt*t*itt*/

/* THIS FUNCTION AND ITS SUBORDINATE FUNCTIONS ARE THE
*/

MAIN PROCESS OF THE AFFERENT BRANCH

INT ORO_COUNT, MOD_NBR;
INT SUB_COUNT, T_A_COUNT;
CHAR HOLD_MOD[40]:

AFF_P ()

{

INT 1.J:
INT R;

I = -1;

J = -1
MOD_NEBR =
ORD_COUNT
T_A_COUNT
SUB_COUNT

nmu o

WHILE (++J <= 50)

{
WHILE ( ++I <= 4)
MOD_ORD_TABLE (J][I] = 0O;:
I =-1;
}

WHILE (T_A_CNUNT <= T_COUNT)

{
R = GET_TRANS (T_A_COUNT);

/* THIS MODULE GETS A TRANSF. INPUT +/

IF (R == 0)
BREAK;

SUB_CDUNT = ORD_CGUNT;

MOD_ORD_TABLE [ORD_COUNT][1] = 99;
MOD_ORD_TABLE [ORD_COUNT][2] = 99;
MOD_ORD_TABLE [ORD_COUNT]I[3] = 99;

SUB_COUNT = SUB_COUNT + 1;

ORD_COUNT = ORD_COUNT + 1;

J = 0;

WHILE (++J <= A_COUNT)

AARR [J][O0] = * *;

FIND_1_MOD (); /+* FUNCTION TO FIND FIRST MODULE =/
WHILE ((MOD_ORD_TABLE [ORD_COUNTI[1] = 0) ||

(MOD_DRD_TABLE [SUB_COUNT][3] 1= 0))
{
1F (MOD_ORD_TABLE [ORD_COUNT]}[1] == 0)

{



336
337
338

339
340
341
342
343
344

345
346
347

348
349
350

351
352
353
354
355
356

357
358

359
360

361
362
363

364

365
366
367
368
369

370
371
372
373
374
375
376
377
378
379

380
381
382
383
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MOD_ORD_TABLE [ORD_COUNT]{1] = MOD_DRD_TABLE [SUB_COUNT][3]:
SUB_COUNT = SUB_COUNT + 1;
}

FHasxsnsrar FOR TEST ONLY *astssvexs/
/*
IF (DRD_COUNT > 10)
BREAK ;
*/

frrkr e kmknkkks END *kekdrerkerrsrs/

MOD_NBR = MOD_ORD_TABLE [ORD_COUNTI[1];
IF (MOD_NBR == 0)
BREAK;

AARR [MOD_ORD_TABLE[ORD_COUNTI[1]][0] = ‘**;
A_LOAG_ALL (MOD_OROD_TABLE [ORD_COUNT][1]);:
F_A_SUBO (); /+ THIS FUNCTION FINDS SUBORDINATE MODULE +/

F_A_SUPE (); /* THIS FUNCTION FINDS SUPERORDINATE MODULE /
FIND_A MDD ();
/* THE ABOVE MODULE FINDS ANY MODULES WITH THE SAME NAME =/

ORD_COUNT = ORD_COUNT + f1;
}

IF (MOD_ORD_TABLE [ORD_COUNT}[t] == 0)
SUB_COUNT = SUB_COUNT + 1;

}
}

/+ THIS FUNCTIONS OBTAINS THE INPUT FROM ONE OF THE
TRANSFORM MODULES MARKED #B¢ OR ¢C¢ AND LDADS IT
INTO HOLD_IN */

GET_TRANS ()

{
CHAR C;
INT I, J;
I

[o
J 0:

WHILE (++T_A_COUNT <= T_COUNT)

IF ((TARR [T_A_COUNT][O] '= 'B’) &&
(TARR [T_A_countl{o] '= 'c’}))
CONTINUE;
ELSE
{
Do

(C = TARR[T_A_COUNT][++4J]);:
WHILE (C != 7,7);

0o
{
(HOLD_IN[++1] = TARR[T_A_COUNT][++J]};
/* PRINTF ("%C", HOLD_IN[I]); =/



384
385
386
387
388
389

390
391

392

393
394

395

396
397
398
399

401
402
403
404
405
406
407
408
409
410
411
412
413
414
415

416

417
418
419

420
421

422

423
424
425
426
427
428
429
430
431
432
433
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}
WHILE (HOLD_IN[T] '= * *);
RETURN (1)
}
}
}

/* THIS MDODULE FINDS THE FIRST AFFERENT MODULE THAT
IS ATTACHED TO THE TRANSFORM OR MAIN MODULE +/

FIND_1_MOD ()

{
INT N,J,P;

N = MOD_NBR;
WHILE ((N I= (MOD_NBR -1)) && (P != 1))

{
IF (N == A_COUNT)

IF (MOD_NBR == 1)
BREAK ;
ELSE
N = O;
}
N =N+ 1;
J = A_PDOS_OUT (N):
P = A_IN_OUT (N,J);
}
IF (P == 1)
MOD_ORD_TABLE [ORD_CDUNT][1] = N;
MOD_NBR = N;
}
ELSE
MOD_ORD_TABLE [ORD_COUNT][1] = 0;
}
/* THIS FUNCTION FINDS THE SUBMODULE TO THE
MODULE =/
F_A_SuBo ()
{ i
INT N,K,F;
N = MOD_NBR;
WHILE ((N != (MOD_NBR -1)) && (F != 1))
{
IF (N == A_COUNT)
{
IF (MOD_NBR == 1)
BREAK;
ELSE
N = 0O;
}
N = N + 1;



434 K = A_POS_QUT (N);

435 F = A_IN_OUT (N.K):

436 }

437 IF (F == 1)

438 MOD_ORD_TABLE [ORD_COUNT][3] = N;
439 ELSE

440 MOD_ORD-TABLE [ORD_COUNT][3] = O
449 }

442 /* THIS FUNCTION FINDS THE SUPERORDINATE OF A
443 MODULE +*/

444 F_A_SUPE ()

445 {
446 INT N,L,H;

447 N
448 H

MOD_NER:
0;

449
450 WHILE ((N != (MOD_NBR -1)) && (H t= 1))
451 {

452 IF (N == A_COUNT)

453 {

454 IF (MOD_NBR == 1)

455 BREAK;

456 ELSE

457 N = 0;

458

459

460

461

462 }
463 IF (H == 1)

464 MOD_ORD_TABLE [ORD_COUNTI[2]
465 ELSE

466 MOD_DRD_TABLE [ORD_COUNT][2]

N + 1;
A_PDS_IN (N);
A_OUT_IN (N,L);:

Irrz-—
uonon

o
=z

99;

467 }

468 /* THIS FUNCTION LOCATES ANY OTHER MODULE WITH THE
469 SAME NAME AS THE CURRENT ONE =/

470 FIND_A_MOD ()

471 {

472 INT N,G;

473 N = MOD_NBR;

474

475 WHILE ((N 1= (MOD_NBR -1}) && (G != 1))
476 {

477 IF (N == A_COUNT)

478

{
479 IF (MOD_NBR == 1)



480
481
482
483
484
485
486
487
488
489
490

491

492
493

494
495
496
497
498
499
500

501
502
S03
504
5085
506
507
508
509
510
511
512

513
514

515
516

517
518
519
520

522
523

524

/* THIS FUNCTION LOADS MODULE NAME INPUT AND OUTPUT INTQ

A
I

{
L

c
I
J

(o}

J
D

J
)

}

BREAK;
ELSE
N = 0;

N + 1;
A_MOD_MaD (N);

o Z~
o

IF (G == 1)

MOD_ORD_TABLE [ORD_COUNT + 11[1] = N;

}
}

HOLD_MOD, HOLD_IN, HOLD_QOUT /

_LDAD_ALL(N)
NT N;

NT I, J;
HAR C;
0O;
[oH]

wou

0

HOLD_MOD[++J] = AARR[N][++I];

WHILE (HOLD_MOD[J]

= 0:
)

1= 7,7);

HOLD_IN[++J] = AARR[N][++11;

WHILE (HOLD_IN [J]

:0:
0

e 2,127,

HOLD_DUT[++J] = AARR[N][++I];

WHILE {(HOLD_QUT[u]

t= "),

/* THIS FUNCTION COMPARES TWO MODULES NAME TO
FIND QUT IF THEY MATCH =/

A
I

{

_MOD_MOD (N)
NT N;

INT I, L, Jd. C

/¥ PRINTF ("%S\N",
0;

0;
Q;
N;

nomunu

COr =

WHILE (C == 0)

" ENTERED A_MOD_MOD"); +/
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525
526
527
528
529
530
531
532
533
534
S35

536
537
538
539

540
541
542

543
544

545
546
547
548
549
550
551
552
553
554

555
556

557
558
559
560
561
562

563
564

74

{
C = STRCMP (HOLD_MOD([++I],AARR[U][++L1):
/* PRINTF ("%C %CA\N", HOLD_MOD[I]. AARR([JI{L]); =*/

IF ((HOLD_MOD[I] == ’,’) && (AARR[J]J[L] == ."))
{
IF (AARR [U][O] == ‘«’)
RETURN (0);:
ELSE

RETURN (1);
}
}

RETURN (0); /* NO MATCH FOUND =#/

}

/* THIS MODULE POSITIONS THE POINTER TO THE
BEGINNING OF THE INPUT =*/

A_POS_IN (N)
INT N;:
{

INT I, J;
CHAR C;

/* PRINTF ("%S\N", " ENTERED A_PODS_IN"); =*/

I
J

0:
N;

DO
(C = AARR[J][++1]);
WHILE (C != *,7);

RETURN (I);

/* THIS FUNCTION COMPARES THE INPUT OF ONE MODULE
WITH THE OUTPUT OF ANOTHER TO FIND A MATCH =/

A_IN_OUT (N,L)

INT N,L;

{

INT I, J, C;

/* PRINTF ("%S\N", " ENTERED A_IN_QUT"); =/
= 0;
= 0;
=N:

1
c
J
WHILE (C == 0)
(



565
566
567
568
569

570

571

572
573

574
575

576
577
578

579
580
581
582

583
584

586

587

588
589
590
591
592

593
594

595

596
597

598
599

600
601
602
603
604
605

C = STRCMP (HOLD_IN[++I],AARR[U][++L]);
/* PRINTF ("%C %C\N", HOLD_IN[I], AARR{JI[L]); */
IF ((HOLD_IN[I] == ’,’) && (AARR[JI[L] == ’,"))
RETURN (1); /* MATCH FOUND +/
}

RETURN (0): /* NO MATCH FOUND =/

/+ THIS FUNCTION POSITIONS THE POINTER TO THE
BEGINNING OF THE QUTPUT FIELD =/

A_POS_OUT (N)
INT N;

{
INT COMMA_COUNT, J, L;
CHAR C;

/* PRINTF ("%S\N", " ENTERED A_PO_OUT"); =*/
COMMA_COUNT = O;

J N;

L 0;

"W

WHILE (COMMA_COUNT < 2)
{
C = AARR[J][++L];

IF (C == ')
COMMA_COUNT = COMMA_COUNT + 1;
}

RETURN (L);

/* THIS FUNCTION COMPARES OUTPUT TO INPUT TD FIND
A MATCH */

A_OUT_IN (J, L)
INT J. L;

{
INT C, I:
/* PRINTF {"%S\N", " ENTERED A_DUT_IN"); =/

1
C

(O
(01

nn

WHILE (C == 0)
{

C = STRCMP{HOLD_QUT[++I],AARR[J]I[++L]);

/* PRINTF ("%C %C\N", HOLD_OUT[I], AARR[JI[L]); =/
IF ((HOLD_OQUT[I] == ‘,’) && (AARR[J][L] == *,'))
RETURN (1); /*MATCH FOUND =/
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606

607
608

609
610

611
612
613
614
615

616
617
618
619
620

621
622
623
624

625
626

627
628
629

630
631
632
633
634
635
636
637
638

639

640
641

642
643
644
645
646
647
648
6§49
650
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}

RETURN (0); /* NO MATCH FOUND +*/
}

PRINT_AFF ()

{

TAB_COUNT =
IN_COUNT =
OUT_COUNT
SUP_COUNT
SUB_COUNT

o

[T
QO0OQ-

PRINTF ("\F"):
PRINTF (" % AFFERENT MODULES +* \N\N");
WHILE (1)

{
TAB_COUNT = TAB_COUNT + 1;

IF (MOD_ORD_TABLE[TAB_COUNT][1] == 0)
BREAK ;

IF (MOD_ORD_TABLE[TAB_COUNT][O} == 100)
CONTINUE ;

IF (MOD_ORD_TABLE[TAB_COUNT][1] == 99)
CONTINUE ;

A_P_LOAD ();

LIST_COUNT = TAB_COUNT + 1;

WHILE (MOD_ORD_TABLE [LIST_COUNT][1] != 99)
IF (MOD_DRD_TABLE [LIST_COUNTI[1] == O)
BREAK
IF (MOD_ORD_TABLE [LIST_COUNT]{O] == 100}

LIST_COUNT = LIST_COUNT + 1;
CONTINUE;
}

A_P_MATCH ():

LIST_COUNT = LIST_COUNT + 1:

}

IF (MOD_ORD_TABLE [LIST_COUNT][1] == 0)
BREAK;

A_P_PRINT ():

IF (MOD_ORD_TABLE [TAB_COUNT + 1][1] == 99)
CONT INUE;

¥

}
/* THIS FUNCTION LOADS THE FIRST RECORD ON
THE TABLE */



651
€52
653

654
655

656
657
658
659

660
661
662
663

664
665
666
667

668
669
670
674
672
673
674
675

676
677
678
679

681
682
683
684
685
686
687
688
689
690
691

692
693
694
895
696

§97
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A_P_LDAD ()
{
INT I.,J:

I
J

0;
0;

WHILE (H_MODULE [I] t= * *)

{
H_MODULE [++I] = AARR [MOD_ORD_TABLE[TAB_COUNT]I[1]][++dJ];
}

I = 0O;
IN_COUNT = 1; ,
WHILE (H_INPUT [IN_COUNT][I] != ’,’)
H_INPUT[IN_COUNT][++1] = AARR [MOD_ORD_TABLE[TAB COUNT]I[1]][++U];
1 =20;
OUT_COUNT = 1;
WHILE (H_OUTPUT [QUT_COUNTI[I] t= *,*)
H_OUTPUT [OUT_COUNTT[++1} = AARR[MOD_ORD_TABLE[TAB_COUNTI{1]][++J};:
I = Q3
= 0;
SUB COUNT = 1;
IF (MDD ORD TABLE{TAB _COUNT][3] == 0)
H_SUB[SUB_COUNTI][1] = *,’;
ELSE
WHILE (H_SUB [SUB_COUNTI][I] != ’,’)

H_suB [SUB_COUNTT[++I]=AARR[MOD_ORD_TABLE[TAB _COUNTI[3]1][++J];

SUP_COUNT = 1;
IF (MOD_ORD_TABLE [TAB_COUNTI[2] == 99)

{
H_SUPER [SUP_COUNT]

[1] = 'M’;
H_SUPER [SUP_COUNT][2] = *A‘;
H_SUPER [SUP_COUNT][3] = *I‘:
H_SUPER [SUP_COUNT][4] = *N‘;
H_SUPER [SUP_CDUNT][5] = *,’;
}
ELSE
{
I =0;
J = 0;
WHILE (H_SUPER [1][I] != *,*)

H_SUPER [1][++I] = AARR[MOD_ORD_TABLE[TAB_COUNT]J[2]1]J[++J]:
}

}

/* THIS FUNCTION MATCHES THE MODULES WITH SAME NAME
STORED IN THE TABLE AND GETS THEIR INPUTS AND
OUTPUTS IF THEY ARE DIFFERENT THAT THE OTHER DONES
FOR THE SAME MODULE =*/

A_P_MATCH ()



698

899

700

701
702
703
704
705
706
707
708
709
710
711
712
713

714
718

716

717
718

719
720
721
722
723
724
725
726
727
728
729
730
731
732
733

734
735

736
737
738
739
740
T4t
742

743

744

{

78

INT P, I, B, C.K,F,J,N.MR,L.5;

=]

W

/*
K

= LIST_COUNT - 1;
HILE (MOU_ORD_TABLE [++P][1] != 99)
IF (MOD_ORD_TABLE[P]I[1] == 0)
BREAK;
cC = 0:
1 = 0;
5 = 0;
WHILE (C == 0)
{
C = STRCMP(H_MODULE [++S],AARR[MOD_DRD_TABLE[P][1]]1[++1]);
IF ((H_MODULE [1] == ‘,’) && (AARR[MOD_ORD_TABLE[P][1]]{1] == *."))
BREAK;
)
IF (C 1= 0)
CONTINUE ;

MOD_ORD_TABLE (P][0] = 100;

/* THE MDDULE WAS FOUND AND NOW THE INPUT, ODUTPUT,
SUB AND SUP WILL BE MATCHED =/

K = 0;
F = IN_COUNT:
WHILE (++K <= F)
{
J = 1;
c =0
L = 0;
WHILE (C == 0)
{
C = STRCMP (H_INPUT [K][++L], AARR[MOD_ORD_TABLE[P][1]]1[++J]):
IF ((H_INPUT [KT[L] == ’,’) &% (AARR[MOD_ORD_TABLE[PI{1]]{d] == *."))
BREAK;
}
IF (C == 0)
BREAK:
IF ((C 1= 0) && (K != F))
CONT INUE ;
IN_COUNT = IN_COUNT + 1;
N = O; .
WHILE (H_INPUT [IN_COUNT][N] 1= *.’)

H_INPUT [IN_COUNT][++N] = AARR[MOD_ORD_TABLE(PI[1]1{++I];
J = I;
}
M = J;

THIS IS TO MATCH THE DUTPUT */

= 0;



745
746
747
748
749
750
751
752
753
754
755
756

757
758

759
760

761
762
763
764
765

766
787

768
769
770
771
772
773
774

775
776
777
778
779
780
781
782

783
784

785
786
787
788
789

790

791
792

79

F = OUT_CDUNT;
WHILE (++K <= F)

{
R = M;
cC = 0;
L = 0;
WHILE (C == 0)
{
C = STRCMP (H_QUTPUT[K][++L].AARRI[MOD_DRD_TABLE[P][1]]1[++R]);
IF ((H_OUTPUT [KI[L} == ’,’) && (AARR[MGD_ORD_TABLE[PI[$]11[R] == 7,’))
BREAK;
L
IF (C == 0)
BREAK;
IF ({C !'= 0) & & (K !'= F))
CONTINUE;
OUT_COUNT = DUT_COUNT + 1;
N = Q;
WHILE (H_OUTPUT [QUT_COUNTI[N] != *,"}
H_OUTPUT [OUT_COUNT][++N] = AARR[MOD_ORD_TABLE[P][1]][++M];
}
B = SUP_COUNT:
K = 0O;
WHILE (++K <= B)
{
I =0:
C = 0;
L = O;
IF (MOD_ORD_TABLE [P][2] == 99)
BREAK;
WHILE (C == 0)
{ ;
C = STRCMP(H_SUPER[K][++L],AARR[MQD_ORD_TABLE[P][2]][++I1);
IF ((H_SUPERTKI{L] == *,*) 8& (AARR[MOD_GRD_TABLE{P][2]][I] == ’,*))
BREAK;
}
IF (c == 0)
BREAK;
If ((c 1= 0} && (K != B)})
CONTINUE;
L = 0O:
I = 0;
SUP_COUNT = SUP_COUNT + 1;
WHILE (H_SUPER [SUP_COUNT][L] != *,*)
H_SUPER[SUP_COUNT1T++L] = AARR[MOD_ORD_TABLE[P][2]][++1];
}
B = SUB_COUNT;
K = 0;



793
794
795
796
797
798
799

800
801
802
BO3
BO4
8QS
BOG
807

808
809

810
ai1
812
813
814

815
816
817

ais
a19

820
821
B22

B23
B24
825
826
827

828
829
830
B31
832
B33
834
B35
B36
837
838

839
840
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WHILE (++K <= B)
{

L [+

I C;
Cc O

IF (MOD_ORD_TABLE [P][3] == 0}
BREAK ;

uwouow

WHILE (C == 0)

{
C = STRCMP(H_SUB([K][++L],AARR[MOD_ORD_TABLE[P][3]][++1]):

IF ((H_SuB[K]I[L] == ’,’) 8&& {AARR[MOD_DRD_TABLE(PI[3]][I] == *, "))
BREAK ;

) -

IF (C == Q)

BREAK;

IF ((C != 0) 8& (K != B))

CONT INUE ;

L o= 03

I = 0;

SUB_COUNT = SUB_COUNT + 1;

WHILE (H_SUB [SUB_COUNT]J[L] != *.*)
H_SUB[SUB_COUNT][++L] = AARR[MOD_ORD_TABLE[P][3}][++I]:

}
}
}

/* THIS FUNCTION PRINTS THE MODULES IN
FORMAT 1 */

A_P_PRINT ()

{

INT I, K;

I = 0;

PRINTF ("%S", " MODULE NAME: ");
WHILE (H_MODULE [I + 11 = 7,7}

PRINTF ("%C*", H_MODULE [++1]):
PRINTF ("\N");

K = 0:
PRINTF("%S", " INPUT(S): ")
WHILE (++K <= IN_COUNT)
{
I = 0;

WHILE (H_INPUT[KILI + 1] 1= ¢, *)
PRINTF("%C", H_INPUT[K]I[++I]);:
PRINTF ("\N");

IF (K != IN_COUNT)

PRINTF ("%S", " T
}
K = 0;
PRINTF{"%S"," QUTPUT(S): "}):



841
842
843
844
845
846
847
848
849

850
851
852

854
855
BS6
857
858
859
860

861
862
863
864
865
866
867
B68
BE9
870
871

872
873

874
875

876

877
878
879
880
B8 1
B82
883
884
885

886
887
:1:3:
889
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WHILE (++K <= DUT_COUNT)
{
I = 0O
WHILE (H_OUTPUT [K][I + 1] !'= *,’)
PRINTF ("%C", H_OUTPUT[K][++I]);
PRINTF ("\N"):
IF (K != OUT_COUNT)
PRINTF("%S", " MR
}

K = 0;
PRINTF("%S", "SUPERORDINATE(S): "):
WHILE (++K <= SUP_COUNT)
( -
I = 0;
WHILE (H_SUPER [%][I + 1] 1= 7,")
PRINTF ("%C", H_SUPER[KI[++I]);
PRINTF ("\N");:
IF (K != SUP_COUNT)
PRINTF ("%s", " ")
}

K = 0;

PRINTF("%S", " SUBDRDINATE(S): ");

WHILE (++K <= SUB_COUNT)

{

I = 0O:

WHILE (H_SUB[K][I + 1] 1= r )
PRINTF ("%C" ,H_SUB [K]I[++I]);
PRINTF (*\N"); :

IF (K != SUB_COUNT)
PRINTF ("%s"," ");

}

PRINTF ("\N");

}

/**t*k!***t*********t***********i"‘**i********tt***!******tt**i**t/
/**t*t**t*t*********tt*t**iﬂ***t*k**it********k****t***t*t*t****tt/

EFF_P ()

{
INT 1
INT R;
I = -

J = -1

MOD_NER =

ORD_COUNT

T_E_COUNT

SUB_COUNT

=Y

oo
g

—y

WHILE (++J <= 50)
{

WHILE ( ++1 <= 4)
E_MOD_DRD_TABLE [J][1] = O:



82

890 I = -1:
891 }

892 WHILE (T_E_COUNT <= T_COUNT)
{

893

894 R = GET_E_TRANS (T_E_COUNT);

895 /* THIS MODULE GETS A TRANSF. INPUT =/

896 IF (R == 0)

897 BREAK ;

898 SUB_COUNT = QRD_COUNT;

899 E_MOD_ORD_TABLE [ORD_COUNT][1] = 99;

900 E_MOD_ORD_TABLE [ORD_COUNT][2] = 99;

901 E_MOD_ORD_TABLE [ORD_COUNT][3] = 99;

902 SUB_COUNT = SUB_COUNT + 1;

903 DRD_COUNT = ORD_COUNT + 1;

904 J = 0

905 WHILE (++J <= E_COUNT)

906 EARR [ullO] = * *;

207 FIND_FIRST_E_MOD (.); /* FUNCTION TQ FIND FIRST MODULE =*/
908

209 WHILE ({E_MOD_ORD_TABLE [ORD_COUNTI[1]) != 0) |!

910 (E_MOD_ORD_TAELE [SUB_COUNTI[3] != 0))

911 {

912 IF (E_MOD_ORD_TABLE [DRD_COUNT][1] == 0)

913 {

914 E_MOD_ORD_TABLE [ORD_COUNT][1] = E_MOD_ORD_TABLE [SUB_COUNT](3];
915 SUB_COUNT = SUB_COUNT + {;

916 }

917 FATE EEETERY FOR TEST ONLY Wk ok b kw ]

218 /*

919 IF (QORD_COUNT > 10)

920 BREAK;

921 */

922 Jrxexaxnekcexrxsr END kK kN ok ok kR k ok ke [

923 MOD_NBR = E_MOD_ORD_TABLE [ORD_COUNT][1]:

924 IF (MOD_NBR == Q)

925 ~ BREAK;

926 EARR [E_MOD_ORD_TABLE[ORD_COUNT][1]][0] = *«*;

927 E_LOAD_ALL (E_MOD_ORD_TABLE [ORD_COUNT]I[1]);

928 F_E_SUBO (): 7% THIS FUNCTION FINDS SUBORDINATE MODULE +/
929 F_E_SUPE (): /* THIS FUNCTION FINDS SUPERORDINATE MODULE */
930 FIND_E_MOD ();

931 /* THE ABOVE MODULE FINDS ANY MODULES WITH THE SAME NAME +/
932

933 DRD_CDUNT = ORD_COUNT + 1;

934 }

93% IF (E_MOD_ORD_TABLE [ORD_COUNT][1] == 0}



936 SUB_COUNT = SUB_COUNT + {;

937 }

938 )

939 /+ THIS FUNCTIONS OBTAINS THE OUTPUT FROM ONE OF THE
940 TRANSFORM MODULES MARKED ¢B¢ OR ¢D¢ AND LOADS IT
241 INTO HOLD_OUT =/

942 GET_E_TRANS ()

943 {

944 CHAR C:

945 INT I, J, COMME_CODUNT;

946 I = 0;

947 J = 0,

948 COMME_COUNT = O;

949 WHILE (++T_E_COUNT <= T_COUNT)

950 o

951 IF ((TARR [T_E_COUNT][0O] '= 'B’) &8
952 (TARR [T_E_CODUNT][0O] '= ‘D*))
953 CONT INUE ;

954 ELSE

955 {

956 WHILE (COMME_COUNT < 2)

957 {

958 C = (TARR [T_E_COUNT][++J]}:

959 IF (€ == *,*)

960 COMME_COUNT = COMME_COUNT + 1;
961 }

962 oo

963 {

964 HOLD_OUT[++I] = TARR[T_E_COUNT)[++J];:
965 /* PRINTF ("%C". HOLD_OUT[I])}: +/
966 }

967 WHILE (HOLD_OUT[I] != 7, 7);

968 RETURN (1);

969 }

970 }

971 }

972 /* THIS MDDULE FINDS THE FIRST EFFERENT MODULE THAT

973 IS ATTACHED TO THE TRANSFORM OR MAIN MODULE =*/
974 FIND_FIRST_E_MOD ()

975 {
976 INT N,J,P;

977 N = MOD_NBR:

a79 WHILE ((N != (MOD_NBR -1}) && (P != 1))
980 {

981 IF (N == E_COUNT)

282 {

983 IF (MOD_NBR == 1)

984 BREAK;



985
986
9B7
988
289
290
991
892
993
994
995
996
997
998

a99

1000
1001
1002

1003
1004

1005

1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1018
1017
1018
1019
1020
1021
1022
1023

1024

1025
1026

1027

1028
1029

1030
1031

N + 1;
E_POS_IN (N);
E_QUT_IN (N.J):

o Z~
nouon

IF (P == 1)

E_MOD_ORD_TABLE [ORD_COUNT][1]
MOD_NBR = N;

}
ELSE

E_MOD_ORD_TABLE [ORD_COUNT][1]

}

/% THIS FUNCTION FINDS THE SUBMODULE TO THE
MODULE =/ .
F_E_SUBO ()

]
=z

1
Q

INT N.K,F;

N = MOD_NER;

WHILE ((N !'= (MDD_NBR -1)) &% (F != t))

IF (N == E_COUNT)
{

IF (MOD_NBR == 1)

BREAK;

ELSE

N = 0O;

N + 1;
E_POS_IN (N);
E_OUT_IN (N,K);:

MR Z-~

}

IF (F == 1)

E_MOD_ORD_TABLE [ORD_COUNT][3]
ELSE

E_MOD_ORD_TABLE [ORD_CQUNT]([3]

]
=

]
<

}

/* THIS FUNCTION FINDS THE SUPERORDINATE OF A
MODULE */

F_E_SUPE ()

{

INT N,L,H;
N = MOD_NBR;
H = 0O;

84



1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043
1044
1045
1046
1047
1048
1049

1050

1051
1052

1053

1054
1055

1056
1057
1058
1059
1060
1061
1062
1063
1064
1065
1066
1067
1068
1069
1070
1071
1072
1073
1074

1075

1076
1077

1078
1079
1080
1081
1082

WHILE ((N I= (MUD_NBR -1}) && (H 1= 1}}
{

IF (N == E_COUNT)

{

IF (MOD_NBR == 1)
BREAK;
ELSE
N = 0;
}
N =N+ 1;
L = E_POS_OUT (N);
H = E_IN_OUT (N,L);
}
IF (H == 1)
E_MOD_ORD_TABLE (ORD_COUNT][2] = N;:
ELSE
E_MOD_ORO_TABLE (ORD_COUNT]{2] = 99;

}

/* THIS FUNCTION LDCATES ANY OTHER MODULE WITH THE
SAME NAME AS THE CURRENT ONE =*/

FIND_E_MaD ()

{

INT N,G:

N = MOD_NMBR;

/* PRINTF ("%S\N", " ENTERED MODULE FIND_E_MOD "); «/
WHILE ((N I= (MOD_NBR -1)) && (G !'= 1))

{
IF (N == E_COUNT)
{
IF (MOD_NBR == 1)
BREAK;
ELSE
N = O;

N + 1;
E_MOD_MOD (N):

oz~
o

IF (G == 1)

E_MOD_ORD_TABLE [ORD_COUNT + 11[1] = N;

}

/* THIS FUNCTION LOADS MODULE NAME INPUT AND OUTPUT INTO
HOLD_MOD, HOLD_IN, HOLD_OUT =+/

E_LOAD_ALL(N)
INT N;

{
INT I, J;
CHAR ¢;

85



1083
1084

1085

1086
1087
1088

1089
1090
1091
1092

1093
1094
1095
1096

1097

1098
1099

1100
1101

1102
1103
1104

1105
1106
1107
1108

1109
1110
1144
1112
1113
114
1115
1116
1117
1118
1119
1120

11214
1122
1123
1124

1125

86

I = 0O;
J = 0;
/* PRINTF ("%S\N", " ENTERED E_LOAD_ALL "); =/
DO
HOLD _MOD[++J] = EARR[N][++I]:
WHILE (HOLD_MDD{ul t= *, ’);
J = 0
s]s]
HOLD IN[++J] = EARR[NI[++11];
WHILE (HOLD_IN [J] 1= *,*);
J = 0;
Do
HOLD_DUT[++J] = EARR[N][++I];
WHILE {(HOLD_DUT[J] != 7, ')

)

/+ THIS FUNCTION COMPARES TWO MODULES NAME TO
FIND OUT IF THEY MATCH =/

E_MOD_MOD (N)
INT N:

{

INT I, L, J, C;

/* PRINTF ("%S\N", " ENTEREO E_MOO_MOC"}: «*/
I = O

L = 0O;

cC = 0;

J o= N;

WHILE (C == Q)

{

C = STRCMP (HOLD_MOD[+41],EARR[J][++L]);
/* PRINTF ("%C %C\N", HOLD _MOD|I], EARR[JI[L]); =/

IF ((HOLD_MODI{1I] == *, ')} && (EARR[JI[L] == 7,’))
{
IF {(EARR [J][Q] == '*’)
RETURN (0);
ELSE
RETURN (1);

}
}

RETURN (Q); /* NO MATCH FQUND =/

}

/* THIS MODULE POSITIONS THE POINTER TQ THE
BEGINNING OF THE INPUT */

E_POS_IN (N)



1126
1127

1128
1129

1130
1131
1132
1133
1134
1135
1136
1137
1138

1139

1140
1141

1142
1143
1144

1145
1146
1147

1148
1149
1150
1151
1152
1153
- 1154

1155

1156

1157
1158

1159
1160

1161
1162
1163

87

INT N;
{

INT I, J;
CHAR C;

/* PRINTF ("%S\N", "" ENTERED E_POS_IN"); «/

I = 0;
J = N;
Do
(C = EARR[UJ][++I]);
WHILE (C !'= 7,");
RETURN (1);
}

/* THIS FUNCTION COMPARES THE INPUT OF ONE MODULE
WITH THE OQUTPUT OF ANOTHER TO FIND A MATCH =/

E_IN_OUT (N,L)
INT N,L;

{

INT I, J, C:

/* PRINTF ("%S\N", " ENTERED E_IN_OUT"): =/
0; '

[0
N:

I
c
J

WHILE (C == Q)

{

C = STRCMP (HOLD_IN[++1],EARR[JI[++L]);

/* PRINTF ("%C %C\N", HOLD_IN[I], EARR[J]I[L]); =/
IF ((HOLD_IN[I] == ',’) && (EARR[J][L] == *,"))
RETURN (1); /* MATCH FOUND =/

}

RETURN (0); /= NO MATCH FOUND =/
/* THIS FUNCTION POSITIONS THE POINTER TO THE
BEGINNING OF THE OQUTPUT FIELD =/

E_POS_OUT (N)
INT N;

INT COMME_COUNT, J, L;
CHAR C;



1164 /* PRINTF ("%S\N", " ENTERED E_PO_OUT"); #/
1165 COMME_COUNT = Q:

1 166 J = N;

1167 L = 0;

1168 WHILE (COMME_COUNT < 2)

1169 {

1170 C = EARR[UJ][++L]:

1171 IF (C == *,*)

1172 COMME _COUNT = COMME_COUNT + 1;
1173 }

1174 RETURN (L);

1175 }

1176 /* THIS FUNCTION COMPARES QUTPUT TO INPUT TQ FIND

1177 A MATCH =/

1178 E_ODUT_IN (J, L)

1179 INT J, L;

1180 {

1181 INT C, I;

1182 /= PRINTF ("%S\N", ™ ENTERED E_OUT_IN"); =/

1183 1 =0

1184 c = O;

1185 WHILE (C == 0)

1186 {

1187 C = STRCMP{HOLD_OUT(++1),EARR[J]I[++L]);

1188 /* PRINTF ("%C %C\N", HOLD_QUT[I], EARR[JI[L]); +/
1189 . IF ((HOLD_OUT[T] == ’,’) && (EARR[J][L] == *,*))
1190. RETURN (1); /*MATCH FOUND */

1191 }

1192 RETURN (0Q); /* NO MATCH FOUND #/

1193 }

1194 PRINT_EFF ()

1195 {

1186 TAB_COUNT = 1;

1197 IN_COUNT = 0O;

1198 OUT_COUNT = O;

1199 SUP_COUNT = O;

1200 SUB_COUNT = O:

1201 PRINTF ("\F");

1202 PRINTF ( " % EFFERENT MODULES =*= \N\N");
1203 WHILE (1)

1204

{
1205 TAB_COUNT = TAB_COUNT + 1:



1206
1207
1208
1209

1210
1211

1212
1213
1214

1215
1216
1217
1218
1219
‘1220
1221
1222
1223

1224

1225
1226

1227
1228
1229
1230
1231
1232
1233
1234
1235

1236
1237
1238

1239
1240

1241
1242
1243
1244

1245
1246
1247
1248

1249
1250

89

IF (E_MOD_ORD_TABLE[TAB_COUNT][1] == Q)
BREAK:

IF (E_MOD_ORD_TABLE[TAB_COUNT][O] == 100)
CONT INUE ;

IF (E_MOD_ORD_TABLE[TAB_COUNT][1] == 99)
CONTINUE;

E_P_LOAD ();
LIST_COUNT = TAB_COUNT + 1;

WHILE (E_MOD_ORD_TABLE [LIST_COUNT][1] != 99)
{

IF (E_MOD_ORD_TABLE ([LIST_COUNTI[1] == 0)
BREAK;
IF (E_MOD_ORD_TABLE [LIST_COUNT][O] == 100)

LIST_COUNT = LIST_COUNT + 1;
CONTINUE :
}

E_P_MATCH ();

LIST_COUNT = LIST_COUNT + 1;

}

IF (E_MOD_ORD_TABLE [LIST_COUNTI][1] == Q)
BREAK;
E_P_PRINT ();
IF (E_MOD_ORD_TABLE [TAB_COUNT + 1][1] == 99)
CONTINUE ;
}

}
/* THIS FUNCTION LDADS THE FIRST RECORD ON
THE TABLE */

E_P_LOAD ()

{

INT I,J;

I = O;

J = 0;

WHILE (H_MODULE [I] != *,’)

{
H_MODULE [++I] = EARR [E_MOD_ORD_TABLE[TAB_COUNT][1]][++J];
}

I = 0;
IN_COUNT = 1;
WHILE (H_INPUT [IN_COUNT][I] != Loty

H_INPUT[IN_COUNT][++I] = EARR [E_MOD_ORD_TABLE[TAB_COUNT][1]1(++J]:

I =0;
OUT_COUNT = 1;



1251
1252

1253
1254
1255
1256
1257
1258
1259
1260

1261
1262
1263
1264
1265
1266
1267
1268
1269
1270
1271
1272
1273
1274
1275
1276

1277
1278
1279
1280
1281

1282
1283

1284

1285

1286
1287
1288
1289
1290
1291
1292
1293
1294
1295
1296
1297
1298

1299

20

WHILE (H_OUTPUT [OUT_COUNT][I] != 7, )

H_OUTPUT [OUT_COUNT][++I] = EARR{E_MOD_ORD_TABLE[TAB_COUNT][1]][++J]:

0;

0;

SUB_COUNT = 1;

IF (E_MOD_ORD_TABLE[TAB_COUNT][3] == 0)

H_SUB[SUB_COUNTI[1] = 7,*;

ELSE

WHILE (H_SUB [SUB_COUNT][I] != *, )

H_SUB [SUB_COUNTT[++I]=EARR[E_ HGD DRD_TABLE[TAB_COUNT][3]1]{++J];:

[ ]

SUP_COUNT = 1;

IF (E MOD_ORD_TABLE [TAB_COUNT][2] == 99)
{
H_SUPER [SUP_CDUNT][1] = 'M‘;
H_SUPER [SUP_COUNT][2] = ‘A’;
H_SUPER [SUP_COUNT][3] = ‘I‘;
H_SUPER [SUP_COUNT][4] = 'N’;
H_SUPER [SUP_COUNT][S] = *.’;
}
ELSE
{
I =0;
J = 0:
WHILE (H_SUPER [1][I] != *.,")

H_SUPER [11[++I] = EARR[E_MOO_ORD _TABLE[TAB_COUNT}[2]][++J]:
}

}

/% THIS FUNCTION MATCHES THE MODULES WITH SAME NAME
STORED IN THE TABLE AND GETS THEIR INPUTS AND
OUTPUTS IF THEY ARE DIFFERENT THAT THE OTHER ONES
FOR THE SAME MODULE +/

E_P_MATCH ()

{
INT P, I, B, C,K,F,J,N.M,R,L.S;

P = LIST_COUNT - 1
WHILE (E_MOD_ORD_TABLE [++P][1] != 99)

IF (E_MOD_ORD_TABLE[P][1] == Q)
BREAK;
= 03
0:
0;
E

— "

HILE (C == 0)

~E W=

C = STRCMP(H_MODULE [++S],EARR[E_MOD_ORD_TABLE[P][1]][+
IF ((H_MODULE [I] == *.’) 8&& (EARR[E_MOD_ORD_TABLE[P][1
BREAK;
}

IF (C !'= 0)

++1])
1111] ==



1300

1301

1302
1303

1304
1305
1306
1307
1308
1309
1310
1311
1312
1313
1314
1315
1318
1317
1318

1319
1320

1321¢
1322
1323
1324
1325
1326
1327

1328

1329
1330
1331
1332
1333
1334
1335
1336
1337
1338
1339
1340
1341

1342
1343

1344
1345

1346
1347
1348

CONTINUE ;

E_MOD_DRD_TABLE [P][0] = 100;

/* THE MODULE WAS FOUND AND NOW THE INPUT, OUTPUT,
SUB AND SUP WILL BE MATCHED =*/

al

++41);

K = 0;
F = IN_COUNT;
WHILE (++K <= F)
{
J = I;
C = 0;
L =0; 4
WHILE (C == 0)
{c = STRCMP (H_INPUT [K][++L]. EARR[E_MOD_ORD_TABLE[P][1]][
IF ((H_INPUT [KITL) == *,’) && (EARR[E_MOD_ORD_TABLE[PI[1}1[J] ==
BREAK:
}
IF (C == 0)
BREAK;
IF ((C != 0) && (K != F))
CONT INUE;
IN_COUNT = IN_COUNT + t;
N = 0;
WHILE (H_INPUT [IN_COUNT][N] != *,")
H_INPUT [IN_COUNTT[++N] = EARR[E_MOD_ORD_TABLE[PI[11]1[++1];
J = I;
}
M = J;

/* THIS IS TO MATCH THE OUTPUT =*/

K = 0Q;
F = QUT_COUNT;
WHILE (++K <= F)
{
R = M;
Cc = 0O;
L = 0O;
WHILE (C == 0)
{c = STRCMP (H_DUTPUT[KI[++L],EARR[E_MOD_ORD_TABLE[PI1([1
IF ((H_QUTPUT [KJ[L] == *,’) &8 (EARR[E_MOD_ORD_TABLE[P][
BREAK;
}
IF (Cc == 0)
BREAK;
IF ((C != O) && (K != F))
CONTINUE;
OUT_COUNT = OUT_COUNT + 1; .
N = 0O;

WHILE (H_OUTPUT [OUT_COUNTI[N] t= *,*)

1
1

]
]

[+
It

+R]1):
R] ==

7))

.r'.l))



1349
1350

1351
1352

1353
1354
1355
1356
1357
1358
1359

1360
1361
1362
1363
1364
1365
1366
1367

1368
1369

1370
1371
1372
1373
1374

1378

1376
1377

1378
1379
1380
1381
1382
1383
1384

1385
1386
1387
1388
1389
1380
1391
1392

1393
1394

1396
1396

92

H_OUTPUT [QUT_COUNTI[++N] = EARR[E_MOD_ORD_TABLE(P][1]][++M];
}

B
K

SUP_COUNT ;
0;

WHILE (++K <= B)
{

(o B

0

0;

IF (E_MOD_DORD_TABLE [P][2] == 99)
BREAK ;

I
c
L

WHILE (C == Q)
{

C = STRCMP(H_SUPER[K][++L].EARR[E_MOD_ORD_TABLE[P)[2]][++1]);
IF ((H_SUPER[KT[L] == ’.’) 8% (EARR[E_MOD_DRD_TABLE[P][2]][1] == ’,’))
" BREAK;:
}
IF (C == 0)
BREAK;
IF ((C != 0) && (K 1= B))
CONTINUE:
L = O:
I =0:;
SUP_CDUNT = SUP_COUNT + 1:
WHILE (H_SUPER [SUP_COUNT][L] != ',*)

H_SUPER[SUP_COUNT]T++L] = EARR[E_MOD_ORD_TABLE[P][2]]1[++I]:
}

B
K

SUB_COUNT;
0;

WHILE (++K <= B)
{
L 0;
1 a;
o] Q:
IF (E_MOD_ORD_TABLE [P][3] == 0)
EREAK;

WHILE (C == 0)
{

C = STRCMP(H_SUB[K][++L],EARR[E_MOD_ORD_TABLE[P][3]][++I]);

IF ((H_SUB[KT[L] == *,’) && (EARR[E_MOD_ORD_TABLE([P)[31][1] == ’,")})
BREAK;

}

IF (C == 0)

BREAK ;

IF ((C !'= 0) &R (kK != B))

CONTINUE:

L Q;

won

I 0;



1397
1398
1399

1400
1401
1402

1403
1404

1405
1406
1407

1408
1409
1410
1411
1412

1413
1414
1415
1416
1417
14148
1419
1420
1421
1422
1423

1424
1425
1426
1427
1428
1429
1430
1431
1432
1433
1434

143%
1436
1437
1438
1439
1440
1441
1442
1443
1444
1445

SUB_COUNT = SUB_COUNT + 1;
WHILE (H_suB [suB _COUNMT][L] !=

H_SUB[SUB_CDUNT][++L] S EARR[E MGD _ORrRD TABLE[P][3]][++1}

}
}
}

1)

/* THIS FUNCTION PRINTS THE MODULES IN

F

ORMAT 1 =/

E_P_PRINT ()

{
I

I
p

NT I, K;
= 0:
RINTF ("%S",

"

MODULE NAME:

WHILE-(H_MODULE [I + 1] 1= *, )
H_MODULE [++1]);

P

3
p
W
{

}

K
P
W
{

}

¥
p

{

PRINTF ("%C",
RINTF (“\N");
= 0
RINTF("%s", "
HILE (++K <=

I = 0O;

INPUT(S) .

IN_COUNT)

WHILE (H_INPUTEK]I{I + 3] t= '
H INPUT[K][++I])

PRINTF("%C",
PRINTF ("\N")}

IF (K 1= IN_COUNT)
PRINTF ("%S",

=0:
RINTF("%S"."
HILE (++K <=

1 =0;

WHILE (H_OUTPUT [K][I + t] != *,

ou

PRINTF ("%C",
PRINTF ("\N");
IF (K != QUT_COUNT)

PRINTF("%S",

=D;

"

QUTPUT(S):
T_CQUNT)

H_QUTPUT[K][++1]

RINTF("%S", "SUPERDRDINATE(S}:
WHILE (++K <= SUP_COUNT)

I =o0;

WHILE (H_SUPER [K][I + 1] t= *

}

PRINTF ("%C",
PRINTF ("\N")

H supER[K][++I])

1F (K t= SUP_CDUNT)
PRINTF ("%5",

k) 1

")

)

);

¢

):

)

"

*)s

L)

93



1446
1447
1448
1448
1450
1451

1452
1453
1454
1455
1456

1457
1458
1459
1460

1461
1462

1463
1464
1465
1466
1467
1468
1469
1470
1471
1472
1473
1474
1475
14786
1477
1478

1479

1480
1481

1482
1483

1484

1485
1486

94

K = 0;
PRINTF{"%5", " SUBDRDINATE(S): ");
WHILE (++K <= SUB_CODUNT)
{
I = Q;
WHILE (H_SUBIKI[L + 1] !'= *,")
PRINTF ("%C".H_SUB [K][(++1]);
PRINTF ("\N"});
IF (K != SUB_COUNT)
PRINTF ("%s"," ")
}

PRINTF ("\N");
}

/‘h***tt*i*it***t*****ﬂtw****t*****t*t***t*ta#**tt*t**Y**!*#*&t*#*,
/t*xi***t*t***!!I*:‘It*#*1***##***i*#******titttﬁ*i*t***tt*tt*t:&t*t**/

/* THIS FUNCTION AND ITS SUBFUNCTIONS PROCESS AND PRINT THE
TRANSFORM MODULES =*/

PRINT_TRANSF()

{

TAB_COUNT = 0O;
LIST_COUNT = O;

IN_COUNT = 0O;

OUT_COUNT = O;

PRINTF ("\F");

PRINTF (" ** TRANSFORM MODULES ** \NAN");

WHILE (TAB_COUNT < T_COUNT)
{

TAB_COUNT = TAB_COUNT + 1;

IF (TARR [TAB_COUNT][O] == 'U")
CONTINUE;

T_P_LOAD();

LIST_COUNT = TAB_CODUNT;
T_P_MATCH():

T_P_PRINT();

}
}

/* THIS FUNCTION LOAD THE MDOULE NAME, INPUT AND
OUTPUT IN HOLD AREAS =/

T_P_L0AD()

{
INT I,J:



1487

1488

1489
1490

1491
1492
1493
1494

1495
1496

1497

1498
1498
1500
1501

1502

1503

1504
1505
1506
1607
1508
1509
1510
1511
1512
1513
1514

1515
1516

1517

1518

1519

1520
1521
1522
1523
1524
1628
1526
1527
1528
1529

I =0;
J = 0O;
WHILE (H_MODULE [1] != ‘,*)

H_MODULE [++I] = TARR [TAB_COUNT][++dJ];

I

= O:

IN_COUNT = 1;
WHILE (H_INPUT [IN_COUNT][I] != *, ’)
H_INPUT [IN_COUNT] [++I] = TARR [TAB_COUNT][++J];

I = 0;
ODUT_COUNT = 1;
WHILE (H_UUTPUT [OUT_COUNT]{I] t= 4 7}

H_QUTPUT [DUT_COQUNT] [++1] = TARR [TAB_COUNT][++JU];:

}
T_P
(

INT

P =

WH
{

——E N -0

}
I

T

/
W

K
E
W
{

_MATCH()

P, I, B, C,K,F,U,NM,R,L,S;

LIST_COUNT - 1;

ILE (++LIST_COUNT <= T_COUNT)

= 0:
= 0;
= 0;
HILE (C == Q)
C = STRCMP(H_MODULE ([++S],TARR[LIST_COUNT][++I])
IF ((H_MDDULE [I] == *,") && tTARR{LIST_CUUNT}[I] == ’,'1))
BREAK:
F (Cc !'= Q)
CONTINUE ;

ARR [LIST_COUNT][O] = 'U’;

* THE MODULE WAS FOUND AND NOW THE INPUT, OUTPUT,
ILL BE MATCHED +/

0:
IN_COUNT:
HILE (++K <= F)

un

— 0o
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1530
1531
1532
1533
1534

1535
1536

1837
1538
1539
1540
1541
1542
1543

1544

1545
1546
1547
1548
1549
1850
1551
1552
1553
1554
1555
1556
1857

16558
1859

1560
1561

1562
1563
1564
1565
1566
1567
1568

1569

1570
1571

1572
1573
1574
1675
1576

96

IF ((H_INPUT [K]I[L) == *,*) && (TARR[LIST_COUNT][J] == *.*))
BREAK:;

}

IF (C == 0)

BREAK;

IF ((C != Q) 8& (K != F))
CONTINUE;

IN_COUNT = IN_CDUNT + 1;
N = O;

WHILE (H_INPUT [IN_COUNTI[N] != ., *)

H_INPUT_[IN_COUNT][++N] = TARR[LIST_COUNT]{++I];
J = I;
}

M = J;

/* THIS IS TQ MATCH THE OUTPUT */

K = 0Q;
F = OUT_COUNT;
WHILE (++K <= F)
{
R = M;
CcC = 0;
L =0;
WHILE (C == 0)
{
C = STRCMP (H_OUTPUT[K][++L],TARR[LIST_COUNT]{++R
IF ((H_OUTPUT [K][L] == *,’) && (TARR[LIST_COUNT]
BREAK;
) -
IF (C == 0)
BREAK ;

IF ((C 1="0) && (K != F})
CONTINUE;

OUT_COUNT = QUT_COUNT + 1;
N = 0;

WHILE (H_OUTPUT [OUT_COUNTIIN] != "’ *)
H_OUTPUT [DUT_COUNT][++N] = TARR[LIST

}
}
1

T_P_PRINT()

INT I, K;

I = 0;

PRINTF ("%s", ©® MODULE NAME :
WHILE (H MODULE [I + 1] t= *,7)

PRINTF ("%C*, H_MODULE [++I]):
PRINTF ("\N");

");

1}
[R

_COUNT ][ ++M];

== o



1577
1578
1579
1680
1581
1582
1583
1584
1585
1586
1587

1588
1589
1590
1591
1592
1593
1594
1585
1596
1597
1598
1599
1600

1601
1602

1603
1604

1605
1606
1607
1608
1609
1610
1611
1612
1613

1614
1615
1616
1617
1618
1619
1620
1621
1622
1623
1624
1625
1626

1627
1628

K = 0;

PRINTF( "%S", " INPUT(S): "):
WHILE (++K <= IN_COUNT)

{

I = 0;

WHILE (H_INPUT[KI[I * ] !'= *, ")

PRINTF("%C", H_INPUT[K]I[++I]):
PRINTF ("\N");
IF (K != IN_COUNT)

PRINTF ("%S", " ")
}
K = 0;
PRINTF("%S"," OUTPUT(S): ");
WHILE (++K <= OUT_COUNT)

I = 0O;

WHILE (H_OUTPUT [KI[I + 1] != *,°)

PRINTF ("%C", H_OUTPUT[KI[++1]);:
PRINTF ("\N");

IF (K != OUT_COUNT)

PRINTF("%S", " ")

}
PRINTF ("\N");
}

/* THIS FUNCTION PRINTS THE AFFERENT, TRANSFORM AND
EFFERENT IN A TABULAR FORMAT */

PRINT_ORDER()
{

INT I, N, AFF_COUNT, TRANSF_COUNT, EFF_COUNT;
INT AFF_NO, EFF_ND;

CHAR PRINT_LINE[90];

I = 0;

AFF_CDUNT = 0O;

TRANSF_COUNT = O;

EFF_COUNT = O;

AFF_NO 13

EFF_NOQ 1;

uu

PRINTF ("%13S %36S %27S\N \N", "AFFERENT", "TRANSFORM",

WHILE ((MOD_ORD_TAELE [AFF_COUNT}[1] != 0) }|
(TRANSF_COUNT < T_COUNT) ||
(E_MOD_ORD_TABLE [EFF_CQUNTI[1] != 0))

++AFF_COUNT;
++TRANSF_COUNT;
++EFF_COUNT;
/* PRINTF ("%S\N", "MAIN WHILE LOOP"); =/
I = 0;
Do
PRINT_LINE[++I] = ¢
WHILE (I < 80):

I = 0; i

WHILE ((I == O) &3 (MOD_ORD_TABLE[AFF_COUNT][1] 1= 0))

97

"EFFERENT");



98

1629 {

1630 N = 5;

1631 /* PRINTF ("%S\N", " AFF. LOOP"): .

1632 PRINTF ("%S %D %S %D\N", "I = *, I, "AFF_COUNT = ",k AFF_COUNT);
1633 PRINTF (*%S %D\N", "MOD_ORD_TABLE", MOD_ORD_TABLE ([AFF_COUNT][O]):
1634 PRINTF ("%S %D\N", "MDD_QRD_TAELE1", MOD_ORD_TABLE [AFF_COUNTI[1]); =/
1635 IF (MOD_ORD_TABLE [AFF_CODUNT][0] == 100)

1636 {

1637 AFF_CDUNT = AFF_COUNT + 1;

1638 CONT INUE;

1639 }

1640 IF (MOD_ORD_TABLE [AFF_COUNT][1] == 89)

1641 IF (MOD_QORD_TABLE [AFF_COUNT + 11[1] == Q)

1642 BREAK;

1643 ELSE

1644 {

1645 /+* PRINTF ("%S\N", "LOADING INIT. AFF."); */

1646 PRINT_LINE [N} = ’A’;

1647 PRINT_LINE [++N] = ’F*;

1648 PRINT_LINE [++N]} = *F*;

1649 1 = 1;

1650 BREAK;

1651 }

1652 I = 0;

1653 N = 5;

1654 WHILE (AARR[MOD_ORD_TABLE[AFF_COUNTI[111[I + 11 I= * "’}
1655 {

1656 /* PRINTF ("%CAN", PRINT_LINE[N]); */

1657 PRINT_LINE[++N] = AARR[MOD_ORD_TABLE[AFF_COUNT]I[t]]1[++1]:
1658 }

1659 }

1660 /* COLUMN OF TRANSFORMS */

1661 I = 0:

1662

1663 WHILE ((I == 0) && (TRANSF_COUNT <= T_COUNT))
1664 {

1665 /* PRINTF ("%S\N", " MAIN TRANSF. LOOP ");:
1666 PRINTF ("%S5 %D %S %D\N", *I = ", I, "TRANSF_COUNT = ", TRANSF_COUNT):
1667 PRINTF ("%C\N", TARR[TRANSF_COUNT][O]): =*/
1668 IF (TARR{TRANSF_COUNT][O] == 'U")

1669 { :

1670 TRANSF_COUNT = TRANSF_COUNT + 1:

1671 CONTINUE;

1672 }

1673 I =0;

1674 N = 40;

1675 WHILE (TARR[TRANSF_CODUNT][++I] != *, )

1676 {

1677 /* PRINTF ("%C\N", PRINT_LINE[N]); =/

1678 PRINT_LINE [++N] = TARR [TRANSF_COUNTI[I];
1679 }

1680 }



1681
1682

1683
1684
1685
1686
1687
1688
1689
1690
1691
1692
1693
1694
1695
1696
1697

1698
1699
1700
1701
1702
1703
1704
1705
1706
1707
1708

1709
1710
1711
1712
1713
1714
1718

1716
1717
1718
1719
1720
1721
1722
1723
1724
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/* COLUMN DF EFFERENTS =/

I = 0;

WHILE ((I == O) 8& (E_MOD_ORD_TABLE[EFF_COUNT](1] !'= 0))

{

N = 70;

/* PRINTF ("%S\N", " EFF. LODP "):

PRINTF ("%S %D %S %D\N", "I = " I, "EFF_COUNT = ", EFF_COUNT):

PRINTF ("%S %D\N", "E_MOD_1", E_MOD_ORD_TABLE[EFF_COUNTI(O]);
PRINTF ("%S %D\N", "E_MOD_2", E_MOD_ORD_TABLE[EFF_COUNT][1]); =/

IF (E_MOD_ORD_TABLE [EFF_COUNT][0O] == 100)
EFF_COUNT = EFF_COUNT + 1;

CONTINUE;

}

IF (E_MOD_DRD_TABLE [EFF_COUNT][1] == a9)

1F (E_MOD_ORD_TABLE [EFF_COUNT + 1][1] == O}
BREAK; ’

ELSE

{

/* PRINTF ("%S\N", "LDADING INIT EFF"); =/
PRINT_LINE [N] = ‘E’;

PRINT_LINE [++N] YRy

PRINT_LINE [++N] TEy

PRINT_LINE [++N] EFF_NO;

I = 1;

EFF_NO = EFF_NO + 1:

BREAK ;

nouon

-

= 0;
= 70;
HILE (EARR[E_MOD_ORD_TABLE[EFF_COUNT][1]][I + 1] !'= *, )

—E

/+ PRINTF ("%C\N", PRINT_LINE[N]); */
PRINT_LINE[++N] = EARR[E_MOC_ORD_TABLE[EFF_COUNT][1]][++I];
}

PRINT_LINE [++N] = ’\O';

I = 0:

Do

PRINTF ("%C", PRINT_LINE[++I]);
WHILE (I <= N); .

PRINTF {"\N");
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The Yourdon-Constantine design methodology was introduced in
1974. The methodology is based on the concept that the
structure of a system should be determined by the flow of data
through the system. The flow of data through a system is
represented by a data flow diagram.

By using the concepts of transform analysis of the Yourdon-
Constantine methodolegy and information derived from the data
flow diagram, this project will generate a 'first' cut
software structure of a system. This project is part of a
group of projects at Kansas State University to develop
automated tools for the system development life cycle.
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