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ABSTRACT

A safe system is defined as a system that prevents unsafe states from producing safety
failures, where an unsafe state is defined as a state that may lead to safety failure unless
some specific action is taken to avert it. The problem that this thesis addresses is how to
find places in Ada programs where faults are likely to occur during program execution.

The approach is to build an automated translation tool that translates Ada programs
into a software fault tree. [Lev 83] The tool works as follows: 1). The Ada parser and lexical
analyzer calls the Automated Code Translation Tool (ACTT) upon recognition of an Ada
statement; 2). The ACTT produces a template representing the statement; 3). The templates
are linked together as a software fault tree.

The result is a program that takes Ada source code as input and produces a software

fault tree as output.

DTIC AUALITY INSPECTED 8

Acceslon For )

NTIS CRAGI S
DTIC 148 0
Uitaezol - g o
Justibcation

A s e et e e
By e

Di tapution M

prmris w0 s

Availability Codes

Dict Avail and [or

Specual
A-|




TABLE OF CONTENTS

L INTRODUCTION. .. e\ eetuneertnerenneernneeennennnennneenneennnen. 1
A SAFETY ...oiitiineiineeinneiieeterineenneenneernerteanaenne 1

B. SYSTEMSAFETY ...eeueeunnriineninerinaenneeinerneeneenneennes 3

C. SOFTWARE SAFETY ......uueiinneinnnerinrennerenneennannneeenns 4

D. STATEMENT OFPROBLEM .........uvrunrenneenrnnenenrannennne 5
E. SUMMARY OF CHAPTERS ... ....evetiinenneeinecrnerenenneennne. 7

I BACKGROUND INFORMATION ......c.urinneunnernneinenenennneenne, 8
A. FAULTTREE ANALYSIS. ... ...0uivtniinnereneeineinneenaasnaaennn, ;
B. SOFTWARE FAULT TREE ANALYSIS ........ e 9
C. PREVIOUS WORK. . ... eeteteninneennaennaernaeinannnannaennnss 11

1. FAULTTREEEDITORS ... vvveenneveneennareeesenesnnsnnnens 1

2. SOFTWARE FAULT TREE TEMPLATES...........evunivnnnnn.. 12

3. AUTOMATED SOFTWARE FAULT TREE ANALYSIS .............. 13

1II. AUTOMATED CODE TRANSLATION TOOL PROTOTYPE .. .............. 15
A. THE LEXICAL ANALYZER AND PARSER . .............cvne.. ceerenn6

B. THE TEMPLATE GENERATOR. ........0vvverenns.. e er e 17
C. THEFILE GENERATOR. ............... e 27
D. THE DATA STRUCTURE....... UTTUTRUPRR erere e .28
E. THEINPUT/OUTPUT ......... PP 1

F. EXTENDED ERAMPLE ........ccvvniiiniitnennennnsrnennnennnns 30

G. FINISHING THE EXAMPLE ANALYSIS .........oivneinnneninnnnns 43
IV.CONCLUSIONS . ........ e TR e 46
A. INTRODUCTION .. ... eeeneeiinareeeitenseenanensecannanneenes 46

B. RESEARCH SUMMARY.........uvvvuneirenerineinnennnnnsnnennss 46

C. RECOMMENDATIONS. ...« ccuuvrunneennarnnnnnns. e 47

D. FUTURERESEARCH .....uvuuernneinennernnaenneraneninesnnnes a8

iv




A. AYACCSPECIFICATIONFILE: ......oiiiiiiiiiiiiiiiieeninnnennns. 49
B. AFLEX SPECIFICATIONFILE. .......iiiiiiiiiiieeiieiinniinneenan. 73
APPENDIX B: SOURCE CODE FOR TEMPLATE GENERATOR TOOL......... 7
A. PACKAGE SPECIFICTION FOR FAULT TREE GENERATOR ........... T
B. PACKAGE BODY FOR FAULT TREE GENERATOR.............cv0ve 83
C. PACKAGE SPECIFICATION FOR TRAVERSE PACKAGE ............. 125
D. PACKAGE BODY FOR TRAVERSEPACKAGE ................o0uil 127
APPENDIX C:ADA STRUCTURE TEMPLATES . .......ciiiiiiiiiniiiannen, 133
APPENDIX D:AUTOMATED CODE TRANSLATION TOOL OUTPUT FOR PROCE-
DURE FAKE_OVEN_CONTROL..............0vihane, Cereeiearer e 156
A. LITERAL TREE REPRESENTATION . .........ooiiiiiiiiiiiiinn, 156
B. FTENODELISTING .. ...t i e iiitssinccneeas 164
C. PROCEDURE, FUNCTION, AND EXCEPTION LISTING............... I
D. FTE COMPATIBLE FILE, "NEW _FTE"...........ccoiivvian, Ceeeeas 172
LISTOFREFERENCES. .. ... iiiiiii it vin i 200
INITIAL DISTRIBUTION LIST ....... b b esaae ettt Cierees 203




Figure 1
Figure 2
Figure 3
Figure 4
Figure 5
Figure 6
Figure 7
Figure 8
Figure 9
Figure 10
Figure 11
Figure 12
Figure 13
Figure 14
Figure 15
Figure 16
Figure 17
Figure 18
Figure 19
Figure 20
Figure 21
Figure 22

Figure 23

Figure 24
Figure 25
Figure 26
Figure 27

LIST OF FIGURES

Common Software Fault Tree Symbols ..........cciiiiiiiininienn, 9
Example Node Values ......coovviniinniniiinnnenreoneoncessannss 12
Automated Code Translation Tool Structure . .......ocvvvviinnnennn. 16
If-Statement EXample .....ovveineiiieiinernennscareesnnacannnns 18
Production Rule for If-Statement .. ........cooiiiiiiiiiiiiiiiint 19
Relation Template for If Condition ........cocoiiiiiiniiiiinnnen 20
Relation Template for Assignment-Statement . .........covenieenieneen 21
Assignment-Statement Template forif Clause ...........co0ivinnintn 22
Sequence Of Statements Template for f Clause ......coovviiiinnets. 23
Production Rule for Elsif Clause . ........ N 24
Elsif Template for Example . . ... .oooiiiiiiiiiriiiiiiiiiiiinnanens 25
Production Rule forElse Clause .........ccoiiiiiiiiiiennnennans 26
Else Template for Exarnple ........oviiiiiiiiiieiiiiiiiiiiiinnes 26
If-Statement Template for Example .............. e iei e 27
Software Fault Tree Node Data Structure ........ccoiiiiiiiiininne 29
Sample AdaCodeInput.......cooiiiiiiii i K|
Embedded For-Loop Template for Procedure FAKE_OVEN_CONTROL .33
If-Statement Template for Procedure FAKE_OVEN_CONTROL........ 34
Condition Template for If-Statement . .. .......cooviiiiiiiian. .35
Sequence of Statements Template for If-Statement ...........c.oul. 36
Sequence of Staternents Template for If-Statement (Continued) ....,.... k)
Elsif Template for If-Statement . ... ..ot iiiiii i 38
Elsif Template for If-Statement (Continued) . .......c.oovvvinne 039
Sequence of Statements Template for Quter For-Loop .............00L 4]
Quter For-Loop Template for Procedure FAKE_OVEN_CONTROL ... .. 42

Sequence of Statement Template for Procedure FAKE_OVEN_CONTROL 43
Modified Software Fault Tree for Procedure FAKE_OVEN_CONTROL . .45




ACKNOWLEDGEMENTS

I would like to take this opportunity to thank a number of people, for without their
assistance, guidance, and especially patience, this thesis would not have been completed.
First, I would like to thank Professor Shimeall for the endless support he gave me
throughout the entire process. His willingness to provide assistance in solving problems
and his constant availability throughout were key contributing factors to this thesis
completion. Additionally, I would like to thank Professor Erickson for his contributions in
making this thesis more undersiandable. Thanks are also due to Dr. Friedman and Mr.
Lombardo for their previous works on automated code translation and fault tree editors,
respectively.

Last, but most definitely not least, I would like to especially thank my wife, Gemma.
Her loving support, patience, understanding, and encouragement during our stay in

Monterey provided me the inspiration to finish this project.




I. INTRODUCTION

Since the invention of computers, from main frames to the micro systems, the
appearance and usage of these devices in today’s society has grown at a tremendous pace.
Computers today are used in all aspects of everyday life. The range of devices that use
computers include the complicated systems of the space shuttle and different weapon
systems to the less intricate systems of calculators and small appliances. With the
introduction of computer systems, there exists the requirements to ensure that these systems
will perform as intended without catastrophic side effects. In essence, the goal is to ensure
that the computer systems operate safely. A system is defined by The American Heritage
Dictionary as a group of interacting, interrelated, or interdependent elements forming a

complex whole.

A. SAFETY

Safety has been defined as a state that is free from conditions that can cause death,
injury, occupational illness, or damage to or loss of equipment or property. (Lev 86}
Leveson, along with others, have stated that this definition is unrealistic because by this
definition any systecm that presents any element of risk would be labeled unsafe. [Lev 86)
Risk is defined as a function of the probability of the hazardous state occurring, the
probability of the hazard leading t0 a mishap, and the perceived severity of the worst
potential mishap that could result from the hazard, [..ev 86]

Safety can be used as a relative term depending on the situation. An item may not be
safe under all circumstances and conditions, but compared to the altematives to that item,
it may be the safest choice available. For example safety razors and safety matches by their
very nature poses some risk; however, they are safer then their altematives and they provide
benefits to the user at a more acceptable level of risk then their alternatives. [Lev 86)

In the development of a system, trying to eliminate all unsafe or hazardous conditions
may be impossible. Instead of removing the risk, a displacement of the risk to another area




is frequently the result. In these situations one must use a risk/benefit analysis to determine
what is the best solution. For example, nitrate, which is used in foods, have been linked to
cancer. However, nitrate is also used to prevent botulism. “Benefits and risks often have
trade-offs, such as trading off the benefits of improved medical diagnosis capabilities
against the risks of exposure to diagnostic X-rays.” [Lev 86] The trade-offs between the
benefits and the risks are dependent on the particular situation and are usually defined by
political, moral and economical decisions of the users.

Safety depends on the situation in which it is measured. Leveson stated that nothing is
completely safe under all conditions. Items that may be relatively safe under most
conditions could become hazardous if the right conditions exist. An example of this is
drinking too much water, which could in tum, lead to kidney failure. (Lev 86)

To understand safety, one must distinguish safety from relizbility, Reliability pertains
to the probability that a system will perform its interded function for a specified period of
time under a set of specified environmental conditions, thus making a system failure free.
[Sal 76) Safety is concerned with the possible errors that may lead to 2 hazard and reliability
looks at all possible ervors. Since not all srrors cause hazards, safety requirements only look
at the subset of the errors that cause the undesired events. [Lev 86)

According to Brown, safety is not reliability, availability or any other attribute or
combination of attributes. In some situations, safety and reliability may actually counter
cach other. If the design is unsafe to start with, no degree of reliability is given to make it
safe. Along with this, if a system fails to a safe state, it is not reliable but it is safe. (Bro 88}

Leveson states that safety and reliability can complentent each other or can have no
direct relationship with each other. A hydraulic system of an aircraft is more safe when it
is more reliable. On the other hand, measuring reliability for munitions pertains to
detonation at the “desired time and place, while safety is related to inadvertent
functioning”. For reliability and safety in this example, there is no direct relationship. {Lev
86)




In adadition, another aspect of reliability, availability, does not equate to safe.
Availability is the probability that a system or component is operational at a specific time,
available when needed. {Sal 76] “A system may be safe but not available and may also be
available but unsafe (e.g., operating incormrectly).” [Lev 86)

B. SYSTEM SAFETY

System safety pertains to the safety of the system, both hardware and software. A safe
system is defined as a system that prevents unsafe states from producing safety failures,
where an unsafe state is defined as a state that may lead to safety failure unless some
specific action is taken to avert it. [Lev 86) In the past hardware-oriented system engineers
have treated the computer as a black box because of the “newness™ of software engineering
and the “significant difference betweea software and hardware”. [Lev 86] Software
cagineers on the other hand “treated the computer as mercly a stimulus response system”.
[Lev 86] According to Leveson “the greatest cause of problems experienced when
compuiers are used to control complex processes may be a lack of system-level methods
and view points”. {Lev 86) In order to better resolve problems with systams, these old
views raust be changed to an outlook that views the system as a whole. Loveson stated,
“...that software itsclf is not ‘unsafe’. Only the hardware that it controls can do damage.”
{Lav 86)

System safety is a subdiscipline of systems cngineering that applies scientific
managemicent and engineering principles to ensure adequate safety throughout the system
life cycle, within the constraints of opcrational effectiveness, schedule, cost and
performance. [Lev 86] The primary goal 6. ,ystem safety is to develop an acceptable safety
level into the product before production or operations occur. This goal can be achieved in
two steps. First, hazards need to be identified by applying scientific and engineering
principles. Along with this, hazards need to be controlied through analysis, design and
management procedures. The second step is to climinate the hazards that post an




unacceptable risk from the system design. (Lev 86] Even though this is simply stated, the

process is very complex.

C. SOFTWARE SAFETY

In the previous section the overall safety of the system was considered. This section
takes a look at specifically the software issue because hardware reliability has improved
impressively in the last few years and they are no longer a major cause of system failures.
According to Cha, software has become the major “bottleneck” in further improving the
system. He also stated that perfectly safe software is impossible and un-necessary and that
a more realistic goal is to develop software that is free from hazardous behavior. [Cha 91]

Brown defines software safety as the optimization of systern safety in the design,
development, use and maintenance of software systems and their integration with safety
critical hardware systems in an operational environment. [Bro 88] The intent of software
safety is to ensure the software will function in a system context without creating an
unscceptable level of risk.

Software safety, however, is difficult to achicve. All methodologies in developing
software use humans and humans are fallible. [Lev 83] According to Brown, virtually all
errors that occur in software may be attributed to humans. These exvors can be grouped into
four categories: design, coding and testing, operator, and maiatcnance. (Bro 88)
Additionally, “software..has a large number of discrete states without the repelitive
structuse found in computer circuitry. Although mathematical logic can be used to deal with
functions that are not continuous, the large number of states and lack of regularity in the
software results in extremaly complex mathematical expressions.” [Lev 86)

Along with this, software safety is difficult because it is hard to develop realistin test
conditions. Even with the use of simulations, it is difficult to guarantee that the simulation
is accurate. “Software faults may not be detectable except under just the right combination
of circumstances, and it is difficult, if not impossible, to consider and accoum for all




environmental factors and all conditions under which the system may be operating.” [Lev
86]

Problenis with the requirement specifications can also pose a problem to software
safety. In a study of computer mishaps by Erickson and Griggs, it was determined that
inadequate design foresight and specification errors are the greatest cause of software
safety problems. [Eri 81] [Gri 81] In performing tests on software, the test can only

consider the specified requirements and can not look at what was intended by the designer.

D. STATEMENT OF PROBLEM

Although there exists potential problems and several unknowns in the use of
computers in systems that control critical devices, the advantages that computers provide
including increased versatility and power, improved performance, greater efficiency, and
decreased cost, lend merit to their use in these systems. Computer systems consist of two
major components, hardware and software. Even though new discoveries in hardware are
occurring constantly, there exist techniques that allow engineers to better handle the
problems that arise in hardware. Engineers working with hardware are betier able to
anticipate the possible problems with hardware because the development of hardware
follows long-established procedures. Software, on the other hand, is more complex than
hardware because of the large number of states present in software. Additionally, software
is normally developed for a particular application only using tests in simulations and
controlled environments as a basis for reliability. [Lev 86)

Analyzing software with a purely manual technique is expensive because the step to
traverse through the code requires an extra-ordinary amount of time. In addition,
~ performing any function manually may introduce exrors because humans are fallible.
- Automating the entire process poses other problems. One problem with automating the
entire process is the loss of human insight required to see the intricacies of the system.
Additionally, the experience of the analyst is lost when the process is fully automated. To




achieve a proper balance of manual and automated techniques in software safety analysis,
both techniques are required.

This research pertains to software safety analysis, specifically increasing automation
of the process. Introducing automated methods into software analysis may provide the
analyst the opportunity to use his time more efficiently. The removal of the detailed work
of code translation allows the analyst to focus on the semantics of the analysis, not the
syntax of code. The primary purpose of this research is to assist in automating the process
of translating code into usable structures for software fault tree analysis.

Software fault tree analysis is a method of software safety analysis that looks at the
logic of the software. In this process, an undesired event caused by the software is identified
and is labeled as the top node. The process works by looking at the top node and identifying
the preconditions that are required for the top node to occur, given the design of the
software. This process continues for each node at each level until the current node can not
be further decomposed.

This thesis introduces a prototype tool that will translate Ada statements into pre-
defined template structures that are used in software fault tree analysis. This tool performs
a static analysis of Ada code using Ayacc, an Ada parser generator; Aflex, an Ada lexical
analyzer generator; FTE, a graphical fault trec cditor; and self-generated code. After
inputting the Ada code into the tool, the tool will basically parss the given Ada input and
upon recognition of various Ada structures, build pre-defined templates. Upon completion
of the parsing and template generation, an FTE-compatible file will be generated.

One question addressed by this research looks at the ability to automate the software
fault tree anzlysis. Introducing automation to most processes reduces the time required to
complete the process since machine is inherently faster than man. If automating software
fault tree analysis provides miore benefits compared to costs, then it may be of value to
implement some automnation *o the procsss.

Another question addressed pertains to the cost of automating software fault tres
analysis A purcly manual technigue is too expensive, but a purely automated process also




has problems. If a tool can be developed that strikes a balance between manual and

automated techniques, the cost of automating software fault tree analysis could be reduced.

E. SUMMARY OF CHAPTERS
Chapter II provides background information that is related to this thesis. Areas

covered in this chapter are fault tree analysis, scftware fault iree analysis, and previous
works in this azea including fault iree editors, the use of templates to represent statements,
and the automation of coede translation for software fault tree analysis. Chapter Il covers
the actual tool developed. Information on Ayacc and Aflex are also provided. Additionally,
an extended example is reviewed in this chapter. Chapter IV provides the conclusions
including the recommendations and provides a summary of possible future work. Appendix
A contains the Ayacc and Aflex specification file input. Appendix B is a listing of the
source code excluding the generated code by Ayacc and Aflex. Appendix C provides the
templates for individual Ada structures. Appendix ID coatains the output of the Automated
Code Translation Tool when the example procedure FAKE_OVEN_CONTROL was
inputted into the tool.




II. BACKGROUND INFORMATICON

A. FAULT TREE ANALYSIS

Fault tree analysis (FTA) is a method of deductive safety analysis where a fault tree
depicts the logical interrelations of basic events that lead to a particular event of interest.
iLev 31] FTA originated initially in 1961 at Bell Laboratories to aid in the analysis of the
Minueman missile. Boeing further developed FTA in the mid 1960°s. {Sal 76] A fault tree
consists of a fault event, a failure situation resulting from the logical interaction of primary
failures or failures of interest; a branch, the connection between two fault events or fault
tree gates; and a fault tree gate, the boolean logic symbol that relates the input to its output
event. {Fus 73] The fundamental concept of FTA is to decompose a physical system into a
fault tree, alvo knnwn as a logic diagram, where certain specified causes lead to one
specified cvent of interest. This specificd event of interest is also known as the *“Top™ event.
[Sal 76}

To aevelop a fault tree, the .nitial step is to define the top event that will be analyzed.
After the top event is defined, the next step is to locate the event(s) that by themselves, or
in combination with others lecd tc the iop event. This analysis looks for a plausible
sequence of events that can Jead to the event of interest in the context of the system's
environment. [Mcg 89] If ore or wiore event(s) is/are required to produce the event of
interest, an And Gate is used to coanect the svent(s) to the event of interest. If one or more
svent(s) can lead to the eveat of interest, the event(s) is/are connected to the event of
interest with an Or Gate. This process will cortinue until all ¢vents in the tiee are defined
or are not decomposable. [Sal 76] The resulis Jf the fault tree sither depict the method of
how <he top cvent could occar or show that * top event can not occur. [Mcg 89) For a
more detailed discussi.on oa fault trees sc 3 the papers by Salem and Fussell. {Sal 76] [Fus
73]




B. SOFTWARE FAULT TREE ANALYSIS

Mclntee coined a phrase “Soft Tree” in 1983 for a process which looked at software
analysis using FTA techniques. This technique required a schematic of the system and a
flow diagram of the software. His work basicaliy started by identifying a top event and
worked backward through the schematic and flow diagram. The result of this process
provided a detailed path for how the process worked from the top to the bottom and through
the hardware and software. [Mci 83]

Taylor in 1982 [Tay 82] and Leveson and Harvey in 1983 [Lev 83] provided initial
information on software fault tree analysis (SFTA). SFTA is a technique to analyze the
safety of a software design that is similar to Soft Tree which uses methods similar to FTA.
SFTA looks at the logic contained in the software. The primary purpose of SFTA is to
ensure that the logic of the software does not produce system safety failures. Additionally,
SFTA determines environmental conditions that could cause the software to create a safety
failure. [Lev 83)

1 <& 0

RECTANGLE CIRCLE
Q ELLIP TRIANGLE
HOUSE SE

()

AND GATE OR GATE

Figure 1 Common Software Fault Tree Symbols
SFTA, like FTA, is designed to work from the identified hazard backwards to the

initial command to execaute the system. In addition, SFTA uses a subset of the symbols used




for FTA. (See Figure 1) The “rectangle” represents an event that will be further analyzed.
The “diamond” is used for nonprimal events, which are not developed further for lack of
information or insufficient consequences. The “circle” indicates an elementary event or
primary failure of a component where no further development is required. The “house” is
used for events that normally occur in the system. It represents the continued operation of
the component. The “ellipse” is used to indicate a state of the system that permits a fault
sequence to occur. This system state may be normal or a result of failures. The “triangle”
represents another sub-tree for the node which is not depicted on the current tree. The “and
gate” serves to indicate that all input events are required in order to cause the output event.
The “or gate” indicates that any of the input events may produce the gated event. [Rol 86]

This common use of symbols allows for the interfacing of SFTA and FTA, thus
providing a means for systems analysis of the hardware and software. The process of SFTA
is similar to FTA, the difference is that SFTA pertains to software events and that SFTA
does not employ the probabilistic approach of FTA, but instead deals with logic. “The basic
procedure is to assume that the software has performed in a manner, which has been
determined by the hazard analysis will lead to a catastrophe, and then to work backward to
determine the set of possible causes.” [Lev 91] After determining the catastrophe that
occurred, the process works backward to the next level to determine the necessary
preconditions for the catastrophic event to occur. Each child of each node will encounter
the same process until the child can rot be analyzed for some reason. The result of this
process is a tree diagraming how an undesired event could occur or proof that an event
could not occur. [Lev 91]

SFTA provides many advantages to software analysis. The advantages include the

following:

« Provides the focus needed to give priority to catastrophic events and
to determine the environmental conditions under which a correct state
becomes unsafe.

* Provides a convenient structure to store the information gathered
during the analysis which can b used later for redesign.
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« The technique is familiar to hardware designers.

« Provides a single structure for specifying software, hardware,
human actions and interfaces with the system.

» Allows the examination of the effects of underlying machine
failures or environmental changes versus verification techniques
which assume system operates correctly. [Lev 83]

C. PREVIOUS WORK

1. FAULT TREE EDITORS

Editors to graphically display fault trees have been developed to facilitate the
drawing of fault trees by the analyst. These tools allow the user to interactively modify the
graphic representation of a fault tree using an automated graphic editor. The use of
automated editors reduces the time required to draw the trees by removing the manual tasks
necessary. Additionally, some of the errors that may have been caused by the manual
drawing can be eliminated with an automated graphic editor. Two tools reviewed during
the research of this thesis are the Software Fault Tree Analysis Tool {Rol 86], developed at
the University of California, Irvine and Fault Tree Editor (FTE), developed at the Naval
Postgraduate School. This thesis used FTE because it was readily available and operational
at the time this thesis was initiated.

The Fault Tree Editor is an interactive fault tree design tool. FTE was written by
Charles P. Lombardo, a computer systems programmer at the Computer Science
Department at the Naval Postgraduate School in Monterey California, FTE was developed
using the C programming language and XView, an OPEN LOOK toolkit for the X11
Windowing system.

Once FTE is running, the user can load a file to display a fault tree. The file can
cither be a file created by the tool or a file that meets the specifications of FTE. The
specification of an FTE file consists of four lines for each node on the tree. The first line is
a string of characters that represent the label of the node. This value is the label displayed
on the node within the tree. The second line is another string of characters that represent the
description of the fault. The third line is also a string of characters. This string of characters
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is the file name of the code associated with the node. The fourth line contains seven integer
fields that are separated by any white space except a new line. These values represent the
starting and ending line numbers of the code associated with the node, the X and Y
coordinates where the node is located in the FTE graphical drawing field, the type of node,
the type of gate attaching the node to its children, and the number of children of the node.
The file is arranged with the four lines of each node grouped together and each node
ordered in a pre-order fashion according to its relationship to the root node. (See Figure 2)

-- Node Values

Label: “Top”

Fault: “Node caused fault”
File: “Example.a”

Start Line: )

End Line: 55

X Coordinate: 200

Y Coordinate: 300

Type Node:

1
Type Gate 0
No. Children: 0

-- The above node in FTE type specification

Top

Node caused fault
Example.a
55200300100

Figure 2 Example Node Values
2. SOFTWARE FAULT TREE TEMPLATES

Taylor discussed the building of fault trees and software fault trees in his paper in
1982, Using techniques from FTA and SFTA discussed above, Taylor used finite state
models of plant components in the development of the fault tree. Taylor's process used the
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plant components, also known as “mini-templates”, in building the fault trees. At each
level, the event being analyzed would be matched to the mini-template to determine the
events required to cause the undesired event. The process terminated when a spontaneous
or normal event was encountered.

Leveson, Cha, and Shimeall wrote several papers on SFTA in 1987, 1989, and
1991. Their work provided a manual means to perform SFTA for Ada code. Their work
used predefined templates as the failure semantic of the Ada programming language
statements, These templates were based on Ada statement structures, showing that if a
particular Ada structure caused a fault, where could that structure have caused the fault. By
linking the templates according to the code, the software fault tree generated would provide
a tree depicting where faults, if they occurred, could occur. [Lev 91] Modified versions of
the templates are in Appendix C.

3. AUTOMATED SOFTWARE FAULT TREE ANALYSIS

Friedman automated SFTA for certain code structures of Pascal in 1993. His
procedure consisted of four steps. Initially, a lexical analysis of the input would remove the
blanks, tabs, and carriage returns and breakdown the code into distinguishable items called
tokens. The second step involved the parsing of the tokens. This parsing step would
generate a list structure that described the syntactic structure of the program. Upon
completion of the parsing step, the list would be traversed creating the software fault tree
using pre-defined templates and rules. This step would produce an ASCI file that would
be compatible to a proprietary editor tool so that the tree could be drawn. The final step is
the actual drawing of the tree using the generated ASCII code and the editor tool.
Friedman’s tool used a commercial software product called Tree-Master that allowed the
analyst to edit, display, and print the tree. [Fri 93]

Friedman’s research provides an introduction of automation to the software fault
tree analysis methodology of software analysis. His tool, however, only looks at a limited
number of code structures of Pascal, namely the assignment-statement, the if-statement,
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and the while-statement. This research looks at the use of automation in the code translation
of Ada code since Ada code is used in control systems more than Pascal and Ada code
contains unique structures, such as exceptions and tasking,
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1. AUTOMATED CODE TRANSLATION TOOL PROTOTYPE

In the past, the code translation for SFTA has normally been performed using manual
techniques. The use of manual techniques is a timely proposition. In addition, the use of
manual techniques can lead to the introduction of errors because humans are fallible. This
thesis introduces a prototype for an automated code translation tool to minimize the amount
of manual code translation needed for SFTA. This tool is intended to reduce the amount of
time necessary and reduce the number of errors in translating code by limiting the amount
of human involvement. This chapter will discuss the tool, detailing the items used in the
development of the tool and the methodology used in building the tool.

The Automated Code Translation Tool, as its name suggests, is a tool that will
translate Ada statements into template structures to be used in SFTA. The tool consists of
basically four components. The first component is a lexical analyzer. The lexical analyzer
will determine if the given input consists of valid tokens. The next component is a parser.
This part of the tool will check the given input to ensure that valid Ada constructs are used.
The third component is a template generator that will transform valid statements into
templates representing possible events associated with the statement in a format suitable for
SFTA. The final component of the tool is & file generator that will create a file that meets
the specifications of an FTE file type. Each component will be discussed in the following
sections. (See Figure 3)
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Automated Code Translation Tool

' PARSER

TEMPLATE FILE
GENERATOR GENERATCR } |

OUTPUT FILE
“NEW_FTE"

Figure 3 Automated Code Translation Tool Structure
A. THE LEXICAL ANALYZER AND PARSER

A lexical analyzer is a part of a system that breaks up the inputted code into
meaningful units called tokens. Tokens can be names, constants, reserved words, or
operators, among other things that are defined by the programming language. The lexical
analyzer will also remove white space including blank spaces, empty lines, and carriage
retums. The primary purpose of the 1:xical analyzer is to determine if the given input
consists of valid tokens for the programming language. (1l 90) The lexical analyzer for the
Automated Code Translation Tool was built using an Ada based lexical analyzer generator
called Aflex. For more information on Aflex, see the Aflex user manual. [Ngu 88)

The specification file for Aflex used to develop the lexical analyzer in the Automated
Code Translation Tool was developed by Herman Fischer of Litton Data Systems in March
1984. The lexical input information in this file represents the grammar for ANSI Ada. No
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modifications to the file were required in the development of the tool. The Aflex
specification file for the Automated Code Translation Tool is located in Appendix A.

A parser is the programming module that performs parsing operations on a computer
language. Parsing is the process of deciding whether a string of input symbols is a sentence
of a given language, and if so, determining the syntactic structure of the strirg as defined
by a grammar for the language. The primary purpose of the parser is to validate the string
as a correct statement for a given language. [Ill 90] The parser for the Automated Code
Translation Tool was built using an Ada based paiser-generator called Ayacc. For more
information on Ayacc, see the Ayacc user manual. [Tab 88)

The Ayacc specification file used to develop the parser in the Automated Code
Translation Tool was a modified version of the David Taback and Deepak Tolani
specification file. The Taback and Tolani version was an adaptation of the Herman Fischer
file used in Yacc. The grammar for the file is organized in the same order as the ANSI Ada
Reference Manual.

The modifications to the Taback and Tolani file for the tool consisted of added actions
to be performed when particular code structures were recognized. These actions are related
to functions and procedures located in scparate packages and are components of the
template generator which will be discussed in the next section. The packages are
FAULT_TREE_GENERATOR and TRAVERSE_PKG and are located in Appendix B,
The specification file for Ayace used in the development of the parser for the Ausomated
Code Translation Tool is located in Appendix A.

B. THE TEMPLATE GENERATOR

Basically the teinplates represent the idea “If this statement caused a fault, where could
that fault have been introduced within the statement”™. These templates were developed
using the previous work of Leveson, Cha, and Shimeall. (Lev 91) The templates were
slightly modified to accommodate the parsing of the Ada grammar. The templates for the
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implemented code struciures are located in Appendix C. The symbols used in the templates
are similar to the symbols used in software fauli trees. (See Figure 1)

The template generator consists of functions and procedures that are called when
various Ada structures are recognized. The template generator works in concert with the
parser. As the parser identifies various structures, the template generator will be cailed to
build the template for the particular structure. This process is exermnplified with an if-
statement example. (See Figure 4) The following is a description of how the if-statement

is parsed using the Ada grammar and how the template is built with the tool.

IF temperature < 15.0 THEN
rad_set=rad_set + 5.0;
ELSIF wmperature < 18.0 THEN

rad_scti=rad_set + 1.0,

ELSE
rad_set:=rad_set - 1.0;

END IF,

Figuve 4 If-Statement Example
When the parsing of Ada source code begins, it initially starts at the starting non-

terminal “compilation”. Eventually it proceeds to the sequence of statements non-terminal
and then to the statement non-termisial. Using the current token “if”, the if-statement
grammar rule is sclected and the process to build the template for the if-statement begins.
The if-statement grammar rule consists of seven grammar symbels. (See Figure 5) Before
the if-statsment template is built, the parser must identify and passe the individual grammar
symbols. This discussion looks at only the parsing of the non-terminais because terminal
symbols are recognized by lexical analysis. (When looking at the grammar rules, the capital
words identify non-terminals in the rule.)
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§ IF_STMT: if_token COND then_token

SEQ_OF_STMTS

.ELSIF_COND_THEN_SEQ_OF _STMTS..

ELSE_SEQ_OF_STMS.

end_token if_token ¢’ ;

kigure 5 Production Rule for If-Statement
The first non-terminal of the if-statement rule is the condition non-terminal. The

condition represents a boolean expression for the if-statement, In parsing the condition non-
terminal, the expression non-terminal will be called. From the expression non-terminal, the
relation non-terminal with one or more relations and zero or more logic operators,
depending on the actual input, wili be executed. At the relation level, a template containing
possible events related to the actual condition will be built by the template generator and
returned to the expression non-terminal level. Thi- cemplate will be passed backward to the
condition non-terminal level and in turn passed back to the if-statement non-terminal level
for use in the building of the if-staterent template.

In the example, the condition is a simple relation, “temperature < 15.0”. For this
condition the template generator will build the simple relation template, (See Figure 6)
This template would be passed back from: the relation non-terminal back to the if-statement

non-terminal through both the expression and condition non-terminals,
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§  Evaluation of “15.0"
§ Expression Coused Fault |

Figure 6 Relation Template for 1¢ Condition
Following the condition non-terminal, the sequence of statements non-terminal of the

if-statement production rule would be parsed. This sequence of statements represents the
action that would be performed if the condition evaluated to true. In the example, the
parsing would again start at the sequence of statements non-terminal and recognize that the
iext non-terminal was a single statement. This stateraent would be identified as a simple
statement, followed by recognition &s an assignment-statement. At the assignment-
statement production rule, the parser wouid parse the individual components of the rule,
The rule consists of two non-terminals, name and expression, For the nams non-ierminal,
the parser would recognize that “rad_set” is a simple name and at the simple name non-
terminal the name template for “rad_set” would be generated by the template generator.

The next non-terminal of the assignment-statement is the relation, “rad_set + 5.0,
This example is another simple relation. The relation template would be built for this
expression by the template generator and passed back to the assignment-statement. (See
Figure 7)




Figure 7 Relation Template for Assignment-Statement
When the parser retumns to the assignment-statement non-terminal, the template

generator will create the assignment-statement template with the simple name template and
the relation template for the assignment-statsment as components to the template. The two
previously generated templates would be placed as children to the “Operand Evaluation
Caused Fault” node. (See Figure 8) The assignment template will be incorporated into the
template for the sequence of statements to represent the sequence of statements for the if
condition. (See Figure 9) Since there is only one statement in the sequence of statements,
the nodes pertaining to the previous statements will not be necessary. The sequence of
statements template would be returned to the if-statement non-terminal leve! to be used in
the creation of the if-statement template,
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Figure 8 Assignment-Statement Template for If Clause




Figure 9 Sequence Of Statements Template for If Clause
The next non-terminal token to be evaluated from the if-statement production rule

would be the token referring to the “elsif” clause. The elsif clause is optional. This non-
terminal has three non-terminals in the production rule. These non-terminals are a non-
terminal for other elsif's if applicable, a condition non-terminal, and a sequence of
statements non-terminal. (See Figure 10) For the example there is only ong elsif clause,
therefore the other elsif non-terminal will not be executed. The elsif non-terminal is a
recursive call to itself and will stop only after all elsif’s have been parsed.




..ELSIF_COND_THEN_SEQ_OF_STMTS..

.ELSIF_COND_THEN_SEQ_OF_STMTS..

elsif_token COND then_token

SEQ_OF_STMTS ;

Figure 10 Production Rule for Elsif Clause
The condition for the elsif in the example is “temperature < 18.0”. This condition is

another simple relation and would produce a template similar to the condition template for
the if condition. The sequence of statements following the elsif condition is also similar to
the previous sequence of statements, another single assignment-statement. The assignment-
statement is “rad_set :=rad_set + 1.0;”, The template generated by the template generator
for this statement is identical to the previous sequence of statements except for a change in
some of the values to the variables.

The condition template for the elsif and the sequence of statements template for the
elsif will be passed back to the elsif non-terminal. The template generator, after the parser
completes the parsing of the non-terminals in the elsif example, will use these templates to
build the elsif template for the if-statement. Since there are no other elsif’s in this exainple,
the node “Next Elsif Caused Fault”, which pertains to the other elsif's of the statement, will
not be required. (See Figure 11)




Figure 11 Elsif Template for Example
The final non-terminal token for the if-statement is the token representing the “else”

clause. The else clause is optional and if it exists, it will be executed if there are no previous
conditions that evaluated to true. The production rule for the else clause consist of only the
sequence of statements non-terminal. (See Figure 12)
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ELSE_SEQ_OF_STMTS.
!

else_token
SEQ_OF_STMTS ;

Figure 12 Production Rule for Else Clause
In parsing the sequence of statements for the example, the parser would again

recognize that it consists of only one statement. This statement is the assignment-statement
“rad_set ;= rad_set - 1.0;”. Upon recognition of this fact, the template generator would
create similar templates as before, excluding the condition template because the condition
for the else clause is implicitly defined. The sequence of statements template will be passed
back to the else non-terminal where the template generator will build the else template with
the sequence of statements as a child of the template. The else template, when built, will be
passed back to the if-staternent non-terminal to be included in the if-statement template.
(See Figure 13)

Figure 13 Else Template for Example
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Once all the components of the if-statement have been parsed and the appropriate
templates have been built, the template generator would be called to build the template for
the if-statement. This template would be built using all of the templates that wer generated
by the non-terminals of the statement. (See Figure 14) Appendix C gives a more detailed

version of a generic if-statement template,

1If Statement
Caused Fault

{See Figure §)

Figure 14 If-Statement Template for Example
C. THE FILE GENERATOR

The file generator is the part of the Automated Code Translation Tool that produces a
FTE type file for the given input. The file generator is composed of Ada procedures that
will take the generated templates and convert the data structures into FTE data structures.
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Additionally, in accordance to FTE file specifications, the file generator will place the
individual nodes in pre-order fashion with respect to their relationship to the root node. The
file generator is embedded in the parser as actions and will be invoked when the parsing of
the given input is complete. The file generator will produce a file called “NEW_FTE”. This
file can be loaded into FTE to display a graphical depiction of the software fault tree for the

given input.

D. THE DATA STRUCTURE

The data structure for the nodes of the software fault tree was constructed using the
FTE data structure as a model. This structure was used to facilitate the drawing of the
software fault tree upon completion of the parsing and template building. (See Figure 15)

The individual fields of the data structure that are similar to the FTE data structure have
the same meaning as discussed ecarlier. The added fields CHILDREN_NODES and
PREV_ST_PTR were added to keep track of the family ties because the nodes’
relationships as parents and children are maintained by using a linked list. The other added
field, OUTPUT_FLAG was not used in the prototype, but was included to allow the tool to
identify structures that provide output in the program. In order to make the data structure
compatible, a routine is used to equate the generated file to an FTE compatible file. This
routine will remove the additional fields that were added to the data structure to facilitate

the parsing. This routine is part of the file generator as discussed in the previous section.




type ST_LIST_NODE_PTR is access ST_LIST_NODE;

type ST_LIST_NODE is
record o1 NODE_LABEL: STRING (1.MAX_CHAR_SHORT);

« ROOT_FAULT: STRING (1.MAX_CHAR_LONG);

« FILE_NAME: STRING (1..MAX_CHAR_LONG);

« START_LINE: NATURAL;

+ END_LINE: NATURAL;

« X_COORDINATE: INTEGER;

« Y_COORDINATE: INTEGER:

« TYPE_NODE: NODE_TYPE;

« TYPE_GATE: GATE_TYPE;

+ NUMBER_OF_CHILDREN: NATURAL:
PREV_ST PTR: ST_LIST NODE_PTR;
CHILDREN_NODES: ST_LIST_NODE_PTR;

OUTPUT_FLAG: BOOLEAN;
end record;

*Derived from data fields in the FTE data structure

Figure 15 Software Fault Tree Node Data Structure
E. THE INPUT/OUTPUT

When execution begins, the tool will prompt the user for an Ada file to work with,
After the user enters the file name, the tool will process the file. The prototype has limited

syntax-error detection, so it is assumed that the file is syntactically correct. The output of
the tool will consist of two items. The first item generated by the tool will be an on-screen
display of three lists. A listing of the software fault tree will be printed to the screen first.
The information provided includes the node’s label and fault and the parent’s label and
gate, if applicable. The next list is a list of the nodes in numeric sequence. This listing was
generated to facilitate the reading of the generated FTE software fault tree, which in the
prototype, labels nodes by number. The last item displayed on the screen consists of a
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listing of the procedures, functions, and exceptions that were located in the input file along
with the first node’s root fault associated with the procedure, function, or exception.

The second item produced by the tool is an ASCII file called “NEW_FTE". This file
is compatible to FTE and represents the nodes produced in a pre-order listing. To display
the software fault tree in FTE, FTE must be started and NEW_FTE must be in the current
directory. Once FTE is started, the generated file can be loaded into FTE using the
appropriate FTE commands. This will generate the software fault tree in a graphical form.

F. EXTENDED EXAMPLE

In order to see the actual code translation for a set of Ada statemnents performed by this
tool, the tool was invoked with the file EXAMPLE.A. This file contained the procedure
FAKE_OVEN_CONTROL. (Sec Figure 16) The procedure FAKE_OVEN_CONTROL
was created to simulate an oven-control system. This procedure is by no means an accurate
representation of an oven-control system, but is intended to represent source code where

safety could be an important issuc
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procedure FAKE. OVEN_CONTROL (SAMPLING, DURATION : INTEGER;
GOAL_TEMP : INTEGER) is

OVEN_BUF is access INTEGER;
for OVEN_BUF use at 1234567;

OVEN_TEMP is access INTEGER;
for OVEN_TEMP use at 2345671;

LAST _CMD : INTEGER;
begin

for SAMPLE in 1..SAMPLING_DURATION loop
if (OVEN_TEMP < GOAL_TEMP - 10 and LAST _CMD /= 1) then
OVEN_BUF := 1;
LAST CMD := 1;
elsif (OVEN_TEMP < GOAL_TEMP - 10) then
RAISE OVEN_NOT _RESPONDING;
elsif (OVEN_TEMP > GOAL_TEMP + 10 and LAST_CMD /= 2) then
OVEN_BUF := 2;
LAST_CMD  := 2;
elsif (OVEN_TEMP > GOAL_TEMP « 10) then
RAISE OVEN_NWOT _RESPONDING;
end if;
for I in 1..SAMPLING_DURATION

null;
end loop;

end loop;

end FAKE_OVEN_CONTROL;

Figure 16 Sample Ada Code Input
For the procedure FAKE_OVEN_CONTROL, the body of the procedure consists of a

sequence of statotments. A careful review of the procedure FAKE_OVEN_CONTROL
shows that the sequence of statements consists of a for-loop, which is the main part of the
procedure, and two embedded statements within the for-loop. The first statesnent within the
for-loop is an if-statement that contains three elsif clauses. The second statement is another
for-loop that contains the null-statemient. The foilowing discussion details how the
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procedure is transformed from Ada source code to software fault tree structures. Before this
discussion starts, it needs to be noted that the tool will translate the source code bottom-up,
meaning that the last statement will be translated first and the first statement will be
translated last. In this example there is only one statement in the outer level; however,
within the outer for-loop there are two statements. The inner for-loop will be translated first
and the if-statement will be translated next. The last statement to be translated will be the
outer for-loop. A discussion on the translation process of the procedure follows.

In the Ada programming language, three types of loops exist, including the “for”,
“while”, and plain loop. The Automated Code Translation Tool will builc a similar
template for all three loops. The major difference between the three types of loops is the
iteration scheme for each loop.

If a Joop caused a fault, there are three possible reasons why the loop caused the fault.
First, there may exist a situation where the loop was not executed and its non-execution
may cause a fault. Another possible reason may involve the evaluation of the loop
condition. Finally, there may have been some situation during the Ntk iteration that caused
the fault. The Automated Code Translation Tool incorporates all three reasons in the loop
template when the template is built.

Since the example contains a for-loop, the Automated Code Translation Tool will
tailor the generic loop temiplate accordingly. The tool will build the “Paiameters Specified
Caused Fault” node as a child to the “licration Scheme Caused Fault” node. instead of the
“Evaluaticn of Condition Caused Fault” node which is used for a while lcop. Along with
this, the tool will place the sequence of statements template for the statements in the for-
loop in two places. This is done to recognize the fact that the sequence of statements may
have caused the fault or that the sequence of statements may have kept the loop condition
true when it should have been false. In the embedded for-loop, the only statement in the
sequence of statements is the null-statement. In this case, the tree representing the sequence
of statements will be null. (See Figure 17)
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Node Fault for Node

24 Loop Statemient caused fanlt

31 Loop never executed

32 Loop condition evaluation caused fault
33 Nth Iteration caused fault _

38 Wrong Type of loop used

39 Iteration scheine caused fault

40 Sequence of stateents caused fault
41 Condition true past n-1

48 Pararr.ater spacification caused fault
49 Condition tme at n-1 iteration

50 Sequence of statements kept condition true

| 8 et ey
g Range specified caused fault
8 SAMPLNG_DURA’I’IOV

Figure 17 Embedded For-Loop Template for Procedure FAKE_OVEN_CONTROL
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The if-statement for the procedure FAKE_OVEN_CONTROL it similar to the
example if-statement discussed earlier in the template generator section. The if-statement
for the procedure, however, has three elsif clauses and no else clause. The Automated Code
Translation Tool will build the if-statement template using the node “Next Elsif Caused
Fault” and its associated nodes several times and not using the node “Else Caused Fault”.
Due to the large size of the software fault tree representing the if-statement in the
procedure, the software fault tree is depicted in several figures. The figeres are shown in
the order that they would appear in the scftware fault tree and not in the order that they were
generated.

Saquence of Stalrments Templale
Figure 30 aad 2

Node Fault for Node

51 If statemant caused fault

62 Evaluation of condition caused fault

63 Condition true and statsments caused fault

64 Or ELSIF caused the fault

Figure 18 If-Statement Template for Procedure FAKE_OVEN_CONTROL
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Node Fault for Nods

62 Evaluation of condition caused fault
73 Relation caused the fault

85 And Relation caused the fault

97 Laft or Prior relation caused fault
98 Right relation caused fault
112 Relation cansed the fault
113 Relation caused the fault
129 OVEN_TEMP

130 Addition/Subtraction Fault
131 LAST_CMD

1321

153 GOAL_TEMP

154 Subtraction Fault

155 10

Figure 19 Condition Template for If-Statement
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Node Fault for Node
63 Condition true and statements caused fault

74 If condition true
75 If statements caused fault
86 Sequence of statements caused fault

99 Last statement caused fault
100 Previous statements caused fault

114 Assignment Statement Fault
115 Last Statement did not mask fault
116 Sequence prior to last caused fault

133 Change in values caused Fault
134 Exception causes Fault -- Not implemented
135 Operand Evaluation causes Fault

136 Sequence of statements caused fault

156 LAST_CMD

157 Relation caused the fault

158 Last statement caused fanlt

159 Provious statements caused fault

1851

186 Assignment Statement Fault

187 Last Stateinent did not mask fault

188 And Sequence prior to last caused fault
212 Change in values caused Fault

213 Bxception causes Fault -- Not implemented
214 Or Operand Evaluation causes Fault
233 OVEN_BUF

234 Relation caused the fauls
2541

Figure 21 Sequence of Statements Template for If-Statement (Continued)
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Node Fault for Node
64 ELSIF caused the fault

76 Previous conditions evaluated to false

77 Current/future ELSIF caused the fault

87 Evaluation of Elsif condition caused fault

88 Current ELSIF caused the fault

89 Other ELSIF's caused the fault

101 Relation caused the fault

102 Current ELSIF condition caused the fault
103 Current ELSIF sequence of statements caused the fault
104 ELSIF caused the fault

117 Relation caused the fault

118 Sequence of statements caused fanlt

137 OVEN_TEMP

138 Addition/Subtraction Fault
139 Last statement caused fault
140 Previous statsments caused fauit
160 GOAL_TEMP

161 Addition Fault

162 10
163 Raise Statement Caused Fault

164 Last Statement did not mas . fault
165 Sequence prios to last caused fault

189 Wrong Exct ptlon Raised Cauised Fault
190 Exceptiim Handier Caused Fault
215 OVEN_NOT_RESPONDING

Figure 23 Elsif iemplate for If-Statement (Continued)
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For brevity, the templates representing the other elsif alternatives are not depicted. The
templates are identical to the elsif template displayed except for a different sequence of
statements for each elsif. Upon completion of the if-statement translation, the Automated
Code Translation Tool builds the sequence of statements template for the outer for-loop.
This template contains both the embedded for-loop and the if-statement. This template is
used in the outer for-loop template representing the statements within the outer for-loop.
(See Figure 24)

Basically, the template for the outer for-loop will almost be identical to the embedded
for-loop. The only difference is the software fault tree representing the sequence of
statements within the for-loop. For the embedded for-loop, the software fault tree was null
because the statement within the loop is the null-statement. The outer for-loop contains the
two statements discussed above and is represented by the sequence of statements for the

outer for-loop.
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Embedded For-Loop Statement

Node Fault for Node

14 Sequence of statements caused fault
19 Last statement caused fault

20 Previous statements caused fault

25 Last Statement did not mask fault
26 Sequence piior to last caused fault

Figure 24 Sequence of Statements Template for Quter For-Loop
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Node Fault for Node

3}& Statement caused fault
never execut

7 Loop condition evaluation caused fault
g \Nvm tun?‘t)i';;\ oczfnl:scd faul(t’

ron use
10 [teration schem:ocg.uscd fault

11 Sequence of statements caused fault
12 Condition true past n-1

13 Parameter specification caused fault
15 Condition true at n-1 iteration
16 Sequence of statements kept condition true
17 Identifier specified cavsed fault
18 Discrest range caused fault
AMPLE

228
23 Range specified cansed fault
éAMPLINO_DURA'nON

Figure 25 Outer For-Loop Template for Procedure FAKE_OVEN_CONTROL
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For the procedure FAKE_OVEN_CONTROL, the Automated Code Translation Tool
will build the sequence of statements template to represent the body of the procedure. The
“Last Statement Caused Fault” node will have as its child the software fault tree
representing the outer for-loop. Since there is only one statement for this procedure, the
“Sequence Prior to Last Caused Fault” node will be null. (See Figure 26) The result from
the Automated Code Translation Tool was a software fault tree that consisted over 300
nodes. This software fault tree depicted many possible events that could cause a fault. It is

now the analyst’s job to select relevant events and expand the analysis accordingly.

For-Loop Statement

1

Node Fault for Node

0 Sequence of statements caused fault
1 Last statement caused fault

2 Previous statements caused fault

4 Last Stateinent did not mask fault

5 Sequence prior to last caused fault

Figure 26 Sequence of Statement Template for Procedure
FAKE_OVEN_CONTROL

G. FINISHING THE EXAMPLE ANALYSIS

To view the generated software fault tree in FTE, the user starts FTE and loads the file
by clicking on the “LOAD” icon. FTE will now ask the user for the file to load. By typing
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“NEW_FTE”, the software fault tree generated by the Automated Code Translation Tool
will now appear in the graphical box. The software fault tree depicted by FTE may not
contain all the nodes of the NEW_FTE file because the drawing field available in FTE is
limited. In order to view as many nodes as possible in the FTE drawing field, the algorithm
used to generate the X and Y coordinates for the individual ncdes was to place nodes on the
appropriate level according to their relationship to the root node and to left justify the nodes
on each level.

The Automated Code Translation Tool provides a service to the analyst. By
automating the code translation, the amount of errors occurring in the translation is reduced
to a minimum. Additionally, the time required by the analyst to perform this step is
drastically reduced, allowing the analyst to make better use of his time. The tool, however,
does not pin-point one specific fault. In order to use the generated software fault tree in
SFTA, the analyst must identify a particular fault and medify the generated software fault
tree accordingly.

For example in the FAKE_OVEN_CONTROL procedure there existed a for-loop that
at first glance appeared to have nc purpose since the loop body contained only the null-
statement. In actuality, this loop was inserted as a delay to provide the control system the
required time needed to perform its sensing. If this loop was removed when the code was
compiled because of code optimization, the time required to sense the oven temperature
would not be sufficient. This would likely cause the exception
OVEN_NOT_RESPONDING to be raised. Using the generated software fault tree, the -
analyst could detect this fault.

Initially, the analyst must select a root fault to analyze. With the selected root fault, tic. A
analyst will eliminate the nodes from the output of the Automated Code Translation T ég‘;‘i 5
that do not pertain to the selected root fault. Upon completion of this step, the analyst will
need to modify the remaining nodes to ensure that they are relevant to the root fault. The
end result of this process would be a software fault tree similar to the one in Figure 27. (See
Figure 27)




Procedure
FAKE_OVEN_CONTROL

Exception
OVEN_NOT_RESPONDING
Raised

Tit
Soven_tp > goal ey o 197 §
"Cu’ mam

Figure 27 Modified Software Fault Tree for Procedure FAKE_OVEN_CONTROL
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IV. CONCLUSIONS

A. INTRODUCTION

One question addressed by this research was to look at the possibility of automating
the software fault tree analysis. Another question addressed perained to the cost of
automating the process. This chapter provides the answers to the questions. Section B
summarizes the significant results of this research. Section C offers recommendations to
practitioners in applying techniques of this sort. Section D concludes by giving suggestions
for future research.

B. RESEARCH SUMMARY

One result of this research demonstrated that SFTA can be automated to some extent.
Analyzing software in a purely manual technique is expeasive because of the labor and time
intensive step to traverse and translate the code. A purely manual technique may also
introduce errors because humans make mistakes. The oppoesite solution, a totally antomated
process, has deficiencies because of the loss of human insight and experience of the analyst.
Therefore a balance betwezn manual and automated techniques in SFTA should be applied.
The SFTA process contains a code translation step that is repetitive and fabor intensive.
This step is a prime candidate for automation bscause this step does not require much
foresight since the structures of the progranuning language are constant. With machines
inherently faster than man, using machines to perform this task can reduce the amount of
time required. This, howzver, does not replace the need for the analyst in SFTA,

Another outcome of this study demonstrated that the cost to aulomaie a portion of
SFTA is significantly lower than the benefits that automation providas. With the existence
of several tools, most notably Aflex to produce a lexical analyzer, Ayacc to produce a
parser; and FTE to provide a tool to draw softwase fault trees, the cost to develop a tooi to
automatically translate code was minimal. This tool provides many benefits, An astomated
code translation tool provides the analyst the opportunity to use his time more efficicatly




by reducing the detailed work of code translation. Additionally, the tool allows the analyst
the opportunity to focus on semantics of the analysis and not the syntax of the code.
Comparing the costs versus the benefits of automation, the benefits out weigh the

associated costs.

C. RECOMMENDATIONS

The results of this research can help the analyst in providing safe software by
facilitating the SFTA process. This thesis uses the concept of SFTA in ensuring that the
software for the computer systems is safe. SFTA is not a new idea in software safety,
however, the majority of research in SFTA has been performed using manual techniques.
Since it has been proven in various research that tusks that require continuous and/or
repetitive work is better performed by machines than man, this thesis looked at automating
part of the SFTA process, specifically the code translation step. This thesis introduces a tool
that removes a large percentage of the human interface. With the introduction of the
Automated Code Translation Tool prototype, the tool eliminates the possible errors that
could have occurred if the code translation step of SFTA was performed manually.

The Automated Code Translation Tool is a prototype to perform code translation for
Ada statements. This tool works on several asswinptions. Primarily, this tool is intended to
provide an initial translation of the code. This translation is developed with the intention
that it will be refined by the analyst. Additionally, this tool looks only at the syntax of the
code. Assuming that the code is syntactically correct and that there are no overt logic arrors

¢ other errars in the code, this tool will take the input codc and translate it into structures
that can be used in SFTA.

This tool was developed to look at programs written in the Ada programming
language. This tool should be used as a means to translate Ada statements into software
fault tree structures representing the statements. The results from this tool should be
followed by a thorough review by the analyst to make adjustments where necessary. This
tool is a prototype and the result shouk! not be used without an analyst.
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D. FUTURE RESEARCH

There are several avenues of research that can be examined in the future as follow-up
studies to this work. As a prototype, this tool looked at only a subset of Ada structures. This
work can be expanded to contain the Ada structures that were not included. More
specifically, the concept of tasks and exception handling need to be addressed. This tool is
a stepping stone in the direction to automate code translation; however, the tool can not be
complete until all of the Ada structures are implemented.

Another potential area of research might involve the interface with a graphical editor
to display the software fault ree. Even though FTE provides a good graphical editor, the
limitation on the drawing field poses a problem. Software fau!t trees tend to be large by
their very nature and a graphical editor is needed to be able to depict the software fault tree
in its entirety. Along with this, the algorithm used in the prototype to give the nodes X and
Y coordinates was simple. To make the software fault tree more aesthetically pleasing, a
more sophisticated algorithm should be developed and implemented.

Transiating the output from the Automated Code Translation Tool to a usable software
fault tree is another possible area of future research. An automated process to eliminate
unrelated parts of the software fault tree and modify the remaining parts to be relevant to
the selected root fault would reduce the amount of time necessary for software fault tree
analysis and reduce the amount of possible errors caused by the human factor.

Finally, this tool providés a static code translation without any consideration to the
actual fault. Future work can examine the possibility of expanding auiomation in SFTA by
looking at the faults more dynamically as the software is working. The process of SFTA is
lengthy and costy. With the introduction of automation into the process both the time to
perform SFTA and the cost of SFTA can be reduced. This research has established some
initial observations and steps towards automation of SFTA, but many more question are left

unanswered.
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APPENDIX A: AYACC AND AFLEX INPUT

A. AYACC SPECIFICATION FILE:

-- Specification file is a modified version of the Taback and Deepak specification
- file. The Taback and Deepak version was an adaptation of the Herman Fischer file
-- file used for Yacc.

%mké.‘n l&l nt '(' ')Q et l+l l'l '.' I.O ., ':' ';'

%tokm |<' 0=l I>' Vr

%token ARROW DOUBLE_DOT DOUBLE_STAR ASSIGNMENT INEQUALITY

%token GREATER_THAN_OR_EQUAL LESS_THAN,_OR_EQUAL

%token LEFT_LABEL_BRACKET RIGHT_LABEL_BRACKET

%token BOX

%token ABORT_TOKEN ABS_TOKEN ACCEPT_TOKEN
ACCESS_TOKEN

%token ALL_TOKEN AND_TOKEN ARRAY_TOKEN AT_TOKEN

%token BEGIN_TOKEN BODY_TOKEN

%token CASE_TOKEN CONSTANT_TOKEN

%token DECLARE_TOKEN DELAY_TOXEN DELTA_TOKEN
DIGITS_TOKEN DO_TOKEN

Stoken ELSE_TOKEN ELSIF, TOKEN END_TOKEN ENTRY_TOKEN
EXCEPTION_TOKEN

%token EXIT_TOKEN

%token FOR_TOKEN FUNCTION_TOKEN

%token GENERIC_TOKEN GOTO_TOKEN

%token IP_TOKEN IN_TOKEN IS_TOKEN

%token LIMITED_TOKEN LOOP_TOKEN

%token MOD_TOKEN

%token NEW_TOKEN NOT_TOKEN NULL_TOKEN

%token OF_TOKEN OR_TOKEN OTHERS_TOKEN OUT_TOKEN

%token PACKAGE_TOKEN PRAGMA_TOKEN PRIVATE_TOKEN
PROCEDURE_TOKEN

%token RAISE_TOKEN RANGE_TOKEN RECORD_TOKEN REM_TOKEN

RENAMES, TOKEN

%token RETURN, TOKEN REVERSE_TOKEN

%token SELECT_TOKEN SEPARATE_TOKEN SUBTYPE_TOKEN

%token TASK_TOKEN TERMINATE_TOKEN THEN_TOKEN
TYPE_TOKEN

%token USE_TOKEN

%token WHEN_TOKEN WHILE_TOKEN WITH_TOKEN

%wken XOR_TOKEN

%token IDENTIFIER

%token INTEGER_LITERAL REAL_LITERAL

%token CHARACTER_LITERAL STRING_LITERAL

%token ERROR1 ERROR2 ERROR3 ERROR4 ERRORS ERRORG6
ERROR?7 ERRORS

%token ERRORY ERROR10 ERROR11 ERROR12 ERROR 13 ERROR 14

49




ERROR15
%start compilation

%with fault_tree_generator, trace_jackage, traverse_pkg, text_io
%use fault_tree_generator, trace_package, traverse_pkg, text_io
{

TAB_COUNTER :INTEGER :=1;

CUR_TABLE :SYS_TABLE;

EXCEPT_COUNTER : INTEGER := |;

EX_TAB : EXCEPT_TABLE;

FTE_FILE :FILE_TYPE;

OTHERS_CHECK : BOOLEAN := FALSE;

type stype_var is (int, nde);

type yystype {form:stype_var := int) is

record
case form is
whenint=>int_t: integer;
when nde => node_t: st_list_node_ptr;
end case;
end recond;

}
%%
set_others_true : {OTHERS_CHECK :=TRUE;} :
set_others_false : {OTHERS_CHECK := FALSE;) ;

PRAGMA_TOKEN IDENTIFIER .arg_ascs'';

arg asc !
expr
i  IDENTIFIER ARROW expr ;
- BEE Md@d ey
numeric_literal
: REAL_LITERAL
{ INTEGER_LITERAL
basic d :
object_d
1 tyd I subty_d
| subprg d | pkg d
sk d | gen d
{ excpin_d | gen_inst
| repaming d
{  number_d
! emor''s
object d :
idents ' subty_ind ._ASN_expr. "'
I idents ' CONSTANT_TOKEN subty_ind ._ASN_expr. "'
| idenis® c_am def _ASN_expr.';

| idents'; CONSTANT_TOKEN c_arr_def _ASN_expr. '




number d :
idents ' CONSTANT_TOKEN ASSIGNMENT expr ;' ;

idents : IDENTIFIER ...ident..;

tyd:
full_ty d
{  incomplete_ty_d

| priv_tyd;

full ty d :
TYPE_TOKEN IDENTIFIER IS_TOKEN ty_def "
| TYPE_TOKEN IDENTIFIER discr_part IS_TOKEN ty_def*;";

ty_def :
enum_ty_def | integer_ty_def

| real ty_def | array_ty_def
| rec_ty def | access_ty_def
| derived_ty_def;

subty_d :
SUBTYPE_TOKEN IDENTIFIER IS_TOKEN subty_ind ;' ;

subty_ind :ty_mk .constrt. ;

ty.mk : expanded_n;
constrt :
mg.c

| fltg_point_c

t fixed_point_c
| aggr:

derived_ty_def : NEW_TOKEN subty_ind
mg_c : RANGE_TOKENmg ($$:=82;);

mg :
name  ($8:=(form => nde,

node_t w> BUILD_RANGE_NAME ($1.n0dz_Y)); }

t  sim_expr DOUBLE_DOT sim_expr{
$$:=(form = nde,
node_t w> BUILD_RNG ($1.nods_t,
$3.n0de_0);)

caum_ty_def
'( enum_Lit_spec
...emm_m_spec« 7

enum_lit_spec : enum Jit;
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erum_lit : IDENTIFIER | CHARACTER _LITERAL ;
integer_ty_def: mg c;

real ty_def
fitg_point_c | fixed_point_ ¢ ;

fitg_point ¢ :
fitg_accuracy_def .mg ¢.;

fitg_accuracy_def :
DIGITS_TOKEN sim_expr ;

fixed_poine_c:
fixed_accuracy_def umg_c.;

fixed_accuracy_def :
DELTA_TOKEN sim_expr ;

amay ty _def
uncnstmd_armay_defl ¢_amr_def;
uncnstrnd_array_def:
ARRAY_TOKEN ‘(' idx_subty_def ...idx_subty_def.. )’ OF_TOKEN
subty_ind

c.arr_def
ARRAY_TOKEN idx_c OF_TOKEN subty_ind ;

idx_subty_def : name RANGE_TOKEN BOX ;
idx_¢ : ‘(' dscr_ng ..dscr_mg., )';

dscr_mg:
mg {88 = (form > nde,
node_t «> BUILD_DESCR _RNG_1 ($1.node_v)); )
| namerng_c{$S :=(form => nde,
nodo_t => BUILD_DESCR_RNG_2 ($1.node_t,
$2.n0de_0); }:

rec, ty. def:
RECORD_TOKEN
cmpons
END_TOKEN RECORD_TOKEN ;

cmpons:
<prag.. .cmpon_d.. cmpon_d ..prag..
| .prag...cmpon_d.. vasiant_part .. prag..
| .prag. NULL_TOKEN"'.prag..;

cmpon d :
idents ' conpon_subky_def _ASN_expe. ;' ;
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cmpon_subty_def : subty_ind;

‘(' discr_spec ...discr_spec.. 'Y ;

discr_spec :
idents "' ty_mk ._ASN_expr. ;

variant_part :
CASE_TOKEN sim_n IS_TOKEN
.prag.. variant ..variant..
END_TOKEN CASE_TOKEN';';

variant :
WHEN_TOKEN choice ..0z_choice.. ARROW
cmpons ;
choice : sim_expr $$:=81; )
Inamemg_c {$$ ;= (form => nde,
node_t => BUILD_CHOICE_2
(S1.node_t,
$2.node_1)); }
I sim_expr DOUBLE_DOT sim_expr
{$S$ ;= (form => nde,
node_t => BUILD_CHOICE_3
(Sl.nods_t,
$3.node_1)); )
| OTHERS_TOKEN set_others_true
| ervor;

#ccess_ty_dof : ACCESS_TOKEN subty_ind ;
incomplete_ty. d ;

TYPE_TOKEN IDENTIFIER '
| TYPE_TOKEN IDENTIFIER discr_part”;' ;

basic_cecl_jitem..

| .basic_decl_item.. body . Jater,_dacl_item.. |
basic_dec]_item
basic_d
i repol | use el
later_dec)_item : body
| subpig d | pkg d
f taskd 1 gen d
I ouse el | geninst ¢
body : proper_body
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| body_stub ;

proper_body :
subprg_body
| pkg_body
| task_body;

name : sim_n (33 :=$1;}
CHARACTER _LITERAL
op_symbol

idxed_cmpon ($$ := $1;}
selected_cmpon

attribute ;

sim_n :IDENTIFIER {$$ :=
(form =>nde,
node_t => NAME_TEMPLATE (YYText)); }

prefix : name {$$ :=31;}) ;

idzed_cmpon :
prefix aggr (33 =
(form => nde,
node_t => INDEX_COMP_TEMPLATE
($1.node_t,
$2.node D) } 5

selected_cmpon : peefix ', selector ;

selector © sim_n
| CHARACTER_LITERAL | op_symbol | ALL_TOKEN ;

aitribute ; prefix " attribute_designator ;

attribute_designator :
sim_n
i DIGITS_TOKEN
|  DELTA_TOKEN
I RANGE_TOKEN;

(‘ cInpon_asc ..cmpon_asc.. )’ (S8 = 82} |

cnpon asc  :

expr (38 e S13)

I choice ..or_choice.. ARROW expe

| sim_expr DOUBLE_DOT sim_expr
| namemgc;

rel.AND_rel. (3§ :=381;)




rel.AND__THEN_ rel. {3 :=$1;}

|
| rel.OR__rel. {$$:=31;)
I rel.OR_ELSE _rel. {$3:=81;}
I rel. XOR_ rel. {3 :=31;};
rel :
sim_expr .relal_op__sim_expr. {$$ := (form => nde,
node_t => BUILD_REL ($1.node_t,
$2.node_t));}
I sim_expr.NOT.IN_mg_or_sim_expr.NOT.IN__ty_mk ;
sim_expr :

-Jnary_add_op.term.binary_add_op__term.. {$$ = $1;} ;
term : factor.mult_op__factor.. {$$ = $1:} ;

factor : pri._EXP__ pd. ($$ = $1;)
| ABS_TOKEN pri {$$ :=$2;}
I NOT_TOKENpri (33 :=$2;};

pri :
numeric_literal {$$ = (form  => nde,
node_t => VALUE_TEMPLATE (Y YText));}
| NULL_TOKEN ($$:=(form =>nde,
node_t => null);}
I allocator
| qualified_expr
| name ($$ = (form => nde,
node_t => CHECK_FUNCTION ($1.NODE_T,

CUR_TABLE,
TAB_COUNTER)); )
I aggr ($3:=SY;);
m.op : I-O
| INEQUALITY
IS
| LESS_THAN_OR_EQUAL
(N

| GREATER_THAN_OR_EQUAL ;

binary_add_op : +' (88 :e (form w> nde,
node_t w> (ADD_FAULT_TEMPLATE));)
b (88w (form = nde,
node_t => (SUB_FAULT_TEMPLATE));)
' [ ] &l;

unary_add op : W1
mult op : * (3$ = (form =5 nde,

node_t => null);)
17 {38:= {form =>nde,
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node_t => DIVISION_BY_ZERO_TEMPLATE);}
| MOD_TOKEN
{ REM_TOKEN ;

qualified_expr:
ty_mkaggr_or_ty_mkPexprP._;

allocator :
NEW_TOKEN ty_mk
I NEW_TOKEN ty_mk aggr
| NEW_TOKEN ty_mk " aggr ;

seq_of_stmts: ..prag.. stmt ..stmt..
{83:= (form => nde,
node_t=> STATEMENTS
($3.NODE_T,
$2.NODE_T));};

stmt :
.label. sim_stmt (3 :=$2;}
| .Jabel.. compound_stmt {$$ := $2;}
| emor %',

sim_stmt :null_stmt {38 = $1;}
lassignment_stmt {$$ = $1;}

| exit_stmt
treturn_stmt
| goto_stmt
| delay_stmt
faborg_stmt
Iraise_stint($$ = $1;}
tcode_stmt
iname '
{85 := (form w> nde,
node_t => BUILD_PROC_CALL
(S$1.node_t,
CUR_TABLE,
TAB_COUNTER)); )
compound_stmt :
if sttt (83 = 8);)

case_smt {885 = S13)
loop_stmt (33 :« $1;}
block_stmt (88281}
accept_stmt
select stmt

R e N

label : LEFT_LABEL_BRACKET sim_n RIGHT_LABEL_BRACKET ;

null_stmt : NULL_TOKEN"'
{$S ;= (form  w> nde, node_t => null); );
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assignment_stmt : name ASSIGNMENT expr ;'
{83 := (form =>nde, node_t => ASSIGNMENT_TEMPLATE

($l.node_t,
$3.node_t)):);
if_stmt :
IF_TOKEN cond THEN_TOKEN
seq_of_stmts

+ELSIF__cond__THEN__seq of_stmts..
ELSE__seq_of stmts,
END_TOKEN IF_TOKEN *'
{$$ :=(form =>nde, node_t=> IF_STATEMENT_TEMPLATE
($2.node_t,
$4.node_t,
$S5.node_t,
$6.n0de_); )

cond : expr {33 :=8$1;};

case_stmt:
CASE_TOKEN expr IS_TOKEN
case_stmt_alt, .case_stmt_alt..
END_TOKEN CASE_TOKEN %

set_others_false
{33 := (form => nds, node_t => BUILD_CASE_STMT _TEMPLATE
($2.node_t,
$d.node ) }
case_stme_alt :
WHEN_TOKEN choice ..cr_choice.. ARROW
seq of_stmts
{$S = (form w0 nde, node_t > BULLD_CASE_STMT_ALT
($2.n0dz_t,
$3.node._t,
$S.node._t,
OTHERS_CHECK)): )
loop_simt:
sim_nC.
Jdteration_scheme. LOOP_TOKEN
s¢q_of_stmts

END_TOKEN LOOP_TOKEN .sim_n. %'
{$$ ;= (form => nde, node_t => BUILD_LOOP, STMT
(S2mode_t, $4.n0de 0); } 3

ireration_scheme
: WHILE_TOKEN cond
{35 = (form  w> nde, node, § w> BUILD_WHILE_ITERATION
($2.:00de_9)); }
| WHILE_TOKEN eror




I FOR_TOKEN loop_prm_spec
{$$ := (form => nde, node_t => BUILD_FGR_ITERATION ($2.node_t)); }
| FOR_TOKEN emor

loop_prm_spec :
IDENTIFIER

{$$ := (form x> nde, node_t => NAME_TEMPLATE (YYTEXT));}

IN_TOKEN
REVERSE.
dscr_mg
{83 := (form => nde node_t=> BUILD_LOGP_PRM_SPEC
($2.node_t, $4.n0de_t, $S.node_)):} &

block_stmt :
sim_nC.
DECLARE__decl_parn.
BEGIN_TOKEN
seq_of_stmts
EXCEPTION__excptn_handler..excptn_handler...
END_TOKEN .sim_n. "
{33 := (form => nde, node_t => BUILD_BLOCK_STMT
(S1L.NODE_T,
SANODE_T,
$SNODE_ 1) ).

exit_stmt:
EXIT_TOKEN .expanded_n. WHEN__cond. "'

return_stint : RETURN_TOKEN .expr. ' ;
goto_strt : GOTO_TOKEN expanded_n';
subprg ¢ : subprg_spec §

subprg_spee
PROCEDURE_TOKEN
IDENTIFIER
($S = (form  w> nda, node_t m> NAME_TEMPLATT(YYTEXT)); }
gml_par.,
{88 :=33:)

I FUNCTION_TOKEN
designator
Sml_part.
RETURN_TOKEN
ty.mk
(38:=82;):

designator : IDENTISIER
{S$ := (form => nde, node_t => NAME_TEMPLATE(YYTEXT)); }
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op_symbol ($$:=$1;};

op_symbol : STRING_LITERAL
{83 := (form =>nde, node_t=> NAME_TEMPLATE(YYTEXT)); } ;

fml_part : .
'( prm_spec .._prm_spec.. )’ ;

prm_spec
idents "' mode ty_mk ._ASN_expr. ;

mode : IN. | IN_TOKEN OUT_TOKEN | OUT_TOKEN;

subprg_body :
subprg_spec IS_TOKEN
decl_part,
BEGIN_TOXEN
seq_of_stmts
EXCEPTION__excptn_handler..excpin_handler...
END_TOKEN .designator. *;'
{CUR_TABLE(TAB_COUNTER).P_F_NAME :=
RETURN_ROOT_FAULT(S1.NODE_T);
CUR_TABLE(TAB_COUNTER).STMT_PTR := $5.NODE_T;

TAB_COUNTER = TAB_COUNTER «+ 1;
$$ = 85;);
pkg.d : pkg spec’y ;
PAéKAGB__mKEN IDENTIFIER IS_TOKEN
Jbasic_decl jtam..
PRIVATE. basic_dec)_item...
END_TOXEN sim_n. :
pkg_body
PACKAGE_TOKEN BODY_TOKEN sim_n IS_TOKEN
Aecl_pert

BEGIN__seq of stmts EXCEPTION__ excpin_handler. axcptn_handler...
END_TOKEN sim_n.')

pnv_sy d @
TYPE_TOKEN IDENTIFIER IS TOKEN .LIMTTED. PRIVATE_TOKEN '
| TYPE_TOKEN (IDENTIFIER discr_part IS_TOKEN LIMITED, FRIVATE_TOKEN &';

use_¢l : USE_TOKEN cxpanded_p expanded n. '

seadming d ¢
idents ' sy mk.  RENAMES_TOKEN nsme "’
! idenis”’ EXCEPTION_TOKEN RENAMES_TOKEN expanded 0
| PACKAGE_TOKENIDENTIFIER  RENAMES_TOKEN eapanded_n '
| subpeg spec RENAMES_TOKEN name®’ |
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task d : task spec'; ;

task_spec :
TASK_TOKEN .TYPE. IDENTIFIER
JS..ent_d_.xep _cl END.sim_n.

*

task_body :
TASK_TOKEN BODY_TOKEN sim_n IS_TOKEN
Aecl_part,
BEGIN_TOKEN
seq of_sunts
EXCEPTION__excpin_nandlez..cxcpin_handlsr...
END_TOKEN ,sim_h. *;';

ent d :
ENTRY_TOKEN IDENTIFIER .fm]_part. '}
| ENTRY_TOKEN IDENTIFIER ‘( dscr_mg " fmi_past. ;' |

em_call_stint :
~Uag,. name 'y’ ;

acoepi_simt :
ACCEPT_TOKEN sim_n .Peat_idx_P..fml_pan.
DO__seq_of_simty ENDsim_n..';

ent_idx :expr ;
delay_strt © DELAY_TOKEN sim_cxps'y';

sshets_stmt sselec_walt
i condal_ent calll tned_ent_call ;

selac_wait:
SELECT_TOKEN
szlectalt
JOR__selxct_alt,,
BLSE__seq of simis.
END_TOKEN SELECT_TOKENY';

select alt @
.wmm_mmowm_w_ :

sche_wait_alt @ accept st
I delay_slt | eiminaie alt ;

ACLpi Mt
E of_stmts, ;

delay_alt :




delay_stmt.seq_of_stmts, ;
terminate_alt : TERM_stmt ;

condal_ent_call:
- SELECT_TOKEN
ent_call_stmt
seq_of_stits.
ELSE_TOKEN
seq_of_stmts
END_TOKEN SELECT_TOKEN';';

timed_ent_call :
SELECT_TOKEN
eni_call_stmt
seq_of_stmts,
OR_TOKEN
delay_ait
END_TOKEN SELECT_TOKEN ‘;';

gbort_stmt : ABORT_TOKEN nanie ..name.. ;' ;

compilation :.compilation_unit..
{-- Code to print out the system table of proc and funct
NEW_PAGE;
NEW_LINE;
if TAB_COUNTER - 1> 0 then
PUT ("The number of procedures/functions on the table are *);
PUT(TAB_COUNTER - 1, width => §);
NEW_LINE(2);
PUT_LINE("The procedures/functions and their root faults on the table *);
PUT_LINE("are the following: *);
PUT_LINE(" %
NEW_LINE;
for INDEX in 1. TAB_COUNTER - 1 loop
PUT_LINE(CUR_TABLE(INDEX).P_F_NAME);
PUT_LINE(RETURN_ROOT_FAULT(CUR_TABLE(INDEX).STMT_PTR));
NEW_LINE;
end loop;
PUT_LINE("Above are the procedures/functions and root faults,”);
PUT_LINE("ttttrirpodabadmbadeeber et febpobobdadiapt-4 )

clse
PUT_LINE("There are no procedures defined within the input
code. )
NEW_LINE(S);
end if;
-- Code to print out the exception table of exceptions
NEW_LINE(10);
if EXCEPT_COUNTER - 1 > 0 then

PUT  ("The number of exceptions on the table are *);

61




PUTEXCEPT_COUNTER - 1, width => 5);
NEW_LINGE(2);
PUT_LINE("The exceptions and their root falults o the table *);
PUT_LINE("are the following: ");
PUT_LINE(" %
NEW_LINE;
for INDEX in 1.EXCEPT_COUNTER - 1 lonp
PUT_LINE(EX_TAB(INDEX).EXCCEPT_NAME);
PUT_LINE(RETURN_RCOT_FAULT
(EX_TAB{INDEX).EXCEPT_PIR));
NEW_LINE;
end loop;
PUT_LINE("Above are the exceptions and their root faults.”);
else
PUT_LINE("There are no defined exceptions within the input
code. ");
NEW_LINE(S);
end if; } ;

compilation_unit :
context_cl library_unit {$$ := $2;
-- Procedure to print nodes to screen
NEW_PAGE;
TREE_TRAVERSAL($2NODE_T);

-- Procedure to create file for FTE interface
TEXT_I0.CREATE(FTE_FILE,

mode => QUT_FILE,

name => "NEW_FIE");
CREATE_FILE($2.NODE_T, FTE_FILE);
TEXT_IO.CLOSE{FTE_FILE);

= Procedure to peint text output for fio filo
NEW_PAGE;
FTE_FILE1($2NODE_T); }

{ context_cl secondary_unit s

library_unit :
subprg_d

| pkgd

I gend

i gen_inst

i submg body ($3::351;)

secondary_unit
library_unit_body | subunit;

library_unit_body :
pkg_body_or_subprg body ;

context ¢l : .with cl.use_cl..;




with_cl : WITH_TOKEN sim_n ..sim_n..";' ;

body_stub :
subprg_spec IS_TOKEN SEPARATE_TOKEN *;'
| PACKAGE_TOKEN BODY_TOKEN sim_n IS_TOKEN SEPARATE_TOKEN "'
| TASK_TOKEN BODY_TOKEN sim_n IS_TOKEN SEPARATE_TOKENY' ;

subunit : SEPARATE_TOKEN '( expanded_n *)' proper_body ;
excptn_d : idents ;' EXCEPTION_TOKEN ';

excptn_handler:
WHEN_TOKEN excptn_choice ..or_excptn_choice.. ARROW
seq_of_stmts
{33 := (form => nde, node_t => BUILD_EXCEPTION
(S$2NODE_T, $5.NODE_T));

EX_TAB(EXCEPT_COUNTER).EXCEPT _NAME :=
RETURN_ROOT_FAULT($2.NODE_T);

EX_TAB(EXCEPT_COUNTER).EXCEPT_PTR := $5.NODE_T;

EXCEPT_COUNTER := EXCEPT_COUNTER + I; } ;

excptn_choice : expanded_n {$$:=31;)
| OTHERS_TOKEN(S$S := (form => nde,
node_t => NAME_TEMPLATE(YYTEXT)); } ;

raise_stmt : RAISE_TOKEN .expanded_n. '
{83 ;= (form => nde,
node_t => BUILD_RAISE(S2.NODE_T)); } ;

gen.d : gen_spec’t ;

gen_spec :
gen_fml_part subprg_spec
i gen_fml_part pkg_spec ;

gen_finl_part :GENERIC_TOKEN ..gon_prm_d.. ;

gen_pm_d :
idents ' IN.OUT.. ty_mk ._ASN_expr. '
| TYPE_TOKEN IDENTIFIER IS_TOKEN gen_ty_def %'
I priv_ty d
! WITH_TOKEN subprg_spec JIS_BOX_. "':

gea_ty_def:

(' BOX ) | RANGE_TOKEN BOX | DIGITS_TOKEN BOX | DELTA_TOKEN BOX
}  amay ty_def | access_ty _def

gen_inst :
PACKAGE_TOKEN IDENTIFIER IS_TOKEN
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NEW_TOKEN expanded_n .gen_act_part. ;'
I PROCEDURE__jdent__IS_
NEW_TOKEN expanded_n .gen_act_part. ;'
| FUNCTION_TOKEN designator IS_TOKEN
NEW_TOKEN expanded_n .gen_act_part. ;' ;

gen_act_past :
'( gen_asc ..gen_asc.. )’ H

gen_asc
gen_fml_prmARROW gen_act_prm ;

gen_fml_pm :
sim_n | op_symbol ;

gen_act_prm :
expr_or_name_or_subprg_n_or_eat_n_or_ty_mk ;

rep_cl :
ty_rep_cl | address_cl ;

ty_rep_cl : leagth_cl
I enum_rep_cl
I rec_repcl

length_cl : FOR_TOKEN attributo USE_TOKEN sim_expr \';

enum_rep_cl :
FOR__ty_sim_n__ USE_aggr":

rec_yep_cl:
FOR__ ty.sim n_USE,
RECORD_TOKEN .algt_cl.
~cmpon_cl.,
END_TOKEN RECORD_TOKEN ;' ;

algtcl :  AT_TOKEN MOD_TOKEN sim_expe '

cmpon_¢l :
naine AT_TOKEN sim_expr RANGB_TOKEN mg ;' ;

address ¢l : FOR_TOKEN sim_n USE_TOKEN AT_TOXEN sim_expr" ;
code_stmt : ty_mk _rec_sggr'':
~prag., : (89 = (form w> nde,
node_t = null); )
| prag.peag &

ATg ASCS :
| ‘Cangascs)'s




arg_ascs:
arg_asc
| arg ascs')arg asc;

. ASN_expr.:
| ASSIGNMENT expr ;

~ident.. ¢
| ..ident.."’ IDENTIFIER

Lonstrt, :
| coustrt ;

expanded n :
IDENTIFIER ($$ := (form => nde,
node_t => NAME 'IEWLATB(YY‘I‘EXT)).
| expanded_n ' IDENTIFIER ;

~enum_lit_spec.. :
| ..enum_lit_spec.."’

enum_lit_spec ;
mg.gc
i mge
widx_subtv def..

| ...i(x_suhty_def..‘ v idx_subty_aet

W g
[] ...dSﬂ_Ins-. '0. dx‘_mg v

~cmpon_d.. :
| .cmpon_d. ciupon_ d .prag..

Spec..;
I ..discr_spec., ') discr_gpec ;
~vagnand., @
| .vaniant. vasiant ;
..0¢_choice.. : {$S % (form w> nde,
node_t=> null ); }
{ .or_choice.. ¥ cholcs (85 := (form => nde,
node_t=> BUILD_OR_CHOICE ($1.n0de_t,
$3.n0de_v); ) ;
<basic_decl_item,,
prag..
I ubasic_decl_item., basic_dec)_item .prag..
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later_decl_item..

| .Jlater_decl_item.. later_decl_item prag.. ;

«CTNpON_asc.. :
| ..cmpon_asc..', cmpon_asc ;

rel. AND_ rel.. :
rel AND_TOKEN rel {$3 :=(form => nde,
node_t => BUILD_REL_AND ($l.nodc_t,
$3.node_t)):}
! rel.AND__rel.. AND_TOKEN rel ($$ := (form =>nde,
node_t => BUILD_REL_AND ($1.node_t,

$3.n0de_t)):) ;
rel OR__rel..:
rel OR_TOKEN rel {$$ := (form => nde,
node_t => BUILD_REL_OR ($1.node_t,
$3.node_1));)

| rel.OR_rel. OR_TOKEN ! {$$:=(form =>nde,
node_t=>BUILD_REL_OR ($l.node_t,

$3.node_t)):):
rel. XOR__rel.. :
rel ($3:=81;)
b WXOR_gel. ;
~XOR__rel.. :
rel XOR_TOKEN rel
I .XOR_rel. XOR_TOKEN rel;

rel . AND__THEN_ yel.. :
rel AND_TOKEN THEN_TOKEN re] (85 = (form => nde,
node_t => BUILD_REL AND, THEN ($1.n0de_t,
$4.nods_v));)
| rel.LAND__THEN__ rel.. AND_TOKEN THEN_TOKEN rel
: {$$ = (form a>nde, -
node_t => BUILD _REL_AND_THEN ($1.00dc_t,
$4.00de_t)): )

rel.OR__ELSE _rel.:
s¢l OR_TOKEN ELSE_TOKEN 2] ($$ = (form => nde,

node_t »> BUILD_REL_OR_ELSE ($1.node._t,

$4.node_1):)
I rcl.OR_ELSE_ rel. OR_TOKEN ELSE_TOKEN rel
($$ := (foem => nde,

node_t => BUILD_REL_OR_ELSE ($1.node_t,

S4.node_t)):);

Jelal op__sim _expr, :  {$3:= (form => nde,
node_t => null);}




I relal_opsim_expr {$$:=9$2;};

sim_exprNOT.IN__mg_or_sim_expr.NOT.IN__ty_mk:
sim_expr NOT. IN_TOKEN mg ;

NOT. :
I NOT_TOKEN

Anary_add_op.term..binary_add_op__term.. :
term {38 :=$1;)
| unary_add_op term
| .unary_add_op.term..binary_add_op__term..
binary_add_op term {3$ := (form => nde,
node_t=> ADD_SUB_TEMPLATE ($1.ncde_t,
$2.node_t,
$3.n0de_t)):) ;

factor..mult_op__factor..:
factor {$8 := $1;}
I factor.mult_op__factor.. mult_op factor {$$ := (form => nde,
node_t => DIV_MULT_TEMPLATE
($1.NODE_T,
$INODE_T,
$S2NODE.T))) :

JEXP__pu. :
|  DOUBLE_STARGpri;

ty_mkaggr_or_ty_mkPexpeP_ :
profix “ aggr

oSt
»M" (ss - S!:’

| st stmt.prag.. ($8 = (fom <> nde,
node_t w> STATEMENTS ($1.NODE_T,
S2NODE_T)):);

abel.
| .label., label ;

LELSIF__cond  THEN__seq of simts., : (38 1= (form > nde,
mode_t s> null);}
! .ELSIE_cond _THEN__seq of_stmus..
ELSIF_TOKEN cond THEN_TOKEN
seq of stnts (88 = {form => nde,
aode_t «> ELSIF_TEMPLATE(S3.s0d0_t,
$5.n0de._ 1,
Sl.noda_t)):);




ELSE__seq of_stmts.: {$$:=(form => nde,
node_t => null);}
| ELSE_TOKEN
seq_of_stmts {83 :=(form => nde,
node_t => ELSE_TEMPLATE($2.n0de_t)); };

case_stmt_alt..case_stm¢_alt., :
.prag..
case_stmt_alt
~Case_stmt_alt..
{$$ := (form => nde,
node_t => BUILD_CASE_ALT_]_MORE($2.node_t,
$3.node_v)); } ;

.Case_stmt_alt..: {$$ ;= (form => nde,
node_t=> null); )
| .case_stmé_alt. case_stmt_alt {$3 := (form => nde,
node_t => BUILD_CASE_ALT_0_MORE
($1.node_t,
$2.node_p); }

sim_nC.: {38 :=(form =>nde,
rode_t => null); }
I simn% ($$:=81;};

Sim_p. :
I osimon g

Jteration_scheme, : (S3 = (form  w> ndo,
node_t 2> null); )
| itoration_scheme ($S:aS$1:):

REVERSE. : (88 = (form w> nde,
node _t e null); )
| REVERSE_TOKEN (58 :=(form »> nde,
node_t w> BUILD_REVERSE_NODE); ) ;

DECLARE__dec) part.
I DECLARE_TOKEN
dec|_pant .

EXCEPTION_excpin_handler.oexcpin_handler... : {$$ i (form  e> nds,

node_t => null); )
| EXCEPTION_TOKEN
~peag. cxcpin_handlers  {$$5:=83; ) ;

cxcpn_handlers:
exeptn_handler {$5:=81;)
| excptn_handlers excpln_handler ($S = (form w> nde,
node_t => JOIN_EXCEPTIONS($1.NODE_T,
S2NODE_T); )
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expanded_n. : {33 :=(form =>nde,
node_t => null); }
i expanded_n ($%:=$1:):

WHEN__cond, :
| WHEN_TOKEN cond;

LXpr, :
| expr ;
Sml_part. :
| fml_par ;

«_prm_spec.. :
| .._.pm_spec.. % prm_spec ;

JN. ;
{ IN_TOKEN ;

decl_part, : decl_part;

designator. :
| designator

PRIVATE. basic_decl_item... ;
I PRIVATE_TOKEN
bastc_decl_item.. ;

BEGIN_ seq_of_simts.BEXCEPTION_ excpin_handler..excptn_handler,..

| BEGIN_TOKEN '
$¢q_of _stmts
EXCEPTION__excpin_handler. oxcptn_handler...

LIMITED. :
I LIMITED_TOKEN ;

~oxpanded_n.. :
| .expanded_n.', expanded_n ;

JYPE.:
| TYPE_TOKEN :

JS.ent d_.rep_cl END.sitm n. :
| IS_TOKEN
«oatd.
wrep_cl.
D_TOKEN sim n. ;
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<ent_d. :
I .ent_d.ent_d.prag..

-
| .rep_cl.. rep_cl..prag..;

JPent_idx_P..fml_part. :
fml_part,
| '(Ceniidx ) fml _part. ;

DO__seq_of_stmts__END.sim_n.. :
|  DO_TOKEN
seq_of_stmts
END_TOKEN .sim_n. ;

~OR__select_alt.. :
I .OR__select_ait. OR_TOKEN select_alt;

JWHEN__condARROW.selec_wait_alt :

selec_wait_alt
I WHEN_TOKEN cond ARROW selec_wait_alt ;

accept_stmt.seq_of_stmts. :
.prag.. accept_stmi .s2q_of_stmts. ;

delay_stmt.seq of _stmts, :
~prag. delay_stint .seq _of_stmts. ;

TERM_simt : ..prag. TERMINATE_TOKEN "' .prag.. ¢

5eq_of_stmis.:
~prag..
I seq of_stmis;

w2,
{ ..name. ') name |

~compilation_unit. *
prag.. _
I .compilation_unit.. compilation_unit .prag.. :
pkg_body_os_subpeg body : pkg_body ;

~with_clusecl..:
b Lwith cluse_cl.., with_cluse_cls

use_cls :
~pragz..
I use clsuse cl.pmg.
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LSim_n.., ¢
I ..sim_n.''sim_n ;

«~Or_excptn_choice.. :
| ..or_excptn_choice.. T excptn_choice ;

~gen_pom_d.. :
| .gen_prm_d. gen pmm d;

JN.CUT.. :
JN.
{ IN_TOKENOUT_TOKEN;

JS_BOX_.:
I IS_TOKEN name
1 IS_TOKENBOX ;
PROCEDURE__jident _IS_ : subprg_spoc IS_TOKEN ;

gen_act_pam, :
\ grn_act_past ;

~2en_asc..
| ..gen_asc. ', gen_asc;

£ea_fml_prmARROW,gen_act_prm :
gen_act_pem
t gen_fml_prm ARROW gen_act_prm ;

eApr_or_name_of_subprg_n_or_eat n_or_ty_mk

o §) N
FOR _ty. sim n__USE_ :
FOR_TOKEN sim_n USE_TOKEN;
algt cl. :
~uag

"
| .prag. algl el .pag.. ;

~cmpon_cl.. :
| .cmpon_cl. capon_cl . pesg.. ;

ty_sk_sec_aggr : qualified expr
%%

with fault_tree_generator, trace_package, traverse_pkg;

packagn puiser is
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procedure yyparse;

echo : boolean = false;
number_of_errors : natural :=0;

end parser;

with ada_tokens, ada_goto, ada_shift_reduce, ada_lex, ada_lex_dfa, text_io;
use ada_tokens, ada_goto, ada_shift_reduce, ada_lex, ada_lex_dfa, text_io;
package body parser is

package INTEGER_INOUT is new INTEGER_IO(INTEGERY);
us¢ INTEGER_INOUT:

procedure yyerror(s: in string == “syntax error”) is
begin
number_of_esrors 1= number_of_ervors + 1;
put("<<< *** "),
put_line(s);
end yyerror,

#i%procedure_parse

end parser,
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B. AFLEX SPECIFICATION FILE

-~

--f* Lexical input for LEX for LALR(1) Gramm:ar for ANSI Ada W/
- */
-p Feman Fischer ¢/
-f* Litton Data Systems ¥/
- March 26, 1984 o
-i* *f
--/* Accompanies Public Domain YACC format Ada grammar *f

— .

%START IDENT Z

A [aA}

B bE]

C (8¢

D fdo!

E (eE]}

F (fF)

G [:1¢)]

H [hH]}

i {in

I 1)}

K kK]

L fiL}

M {mM)

N {nN}

0 {00}

P {pP)

Q (qQ}

R GR]

S (£

T (M

U )

v {v¥}

w {(wW]

X xX)

Y {yY}

yA [£Z)

{AHBHONR} THECHD: ENTER): wdtum{ABORT_TOKEN):)
(AH{B){S] {BCHO: ENTER(Z), retnn{ABS_TOKEN);}
{ANCHCHEN P THECHD; ENTERE), retum(ACCEPT_TORKEN))
{AHCHCHEHSH{SHECHD, ENTERZY, retum(ACCESS, TOKEN):)
{AHL)L)  (BCHO, ENTER{Z), retwn{ALL_TOKENY;)
{A}NJD) [ECRHO; ENTER(Z); e AND_TOKENY);)
{AHRMRMANYHECHO, ENT_ER(Z): mm(ARRAY,‘IOKEN);}
(AT . (ECHO; ENTER(Z); rettm{AT_TOKEN):)
{BJ{E}{G}{1}1{NHECHO; ENTER(Z); retum{BEGIN_TOKEN)}
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{BEHO}DMHY}HECHO; ENTERZ); retarn(BODY_TOUKEN), }

{CHAVSHE} {BCHO; ENTER(Z); retum(CASE_TOKEN);}
{CHOHUNHSHTHANNHTHECHO; ENTER(Z); retum(CONSTANT_TOKEN); )
{DHEHCHL}{A}{R}Ej {ECHO; ENTER(Z); retusn{(DECLARE_TOKEN);}
{DHEHL}{A}{Y) (ECHO; ENTER(Z); retvrn{DELAY_TOKEN);}
IDMENLHT}{A} (ECHO; ENTER(Z); return(DELTA_'iOKEN);}
{DHIHGHIN TS} {ECHO; ENTER(Z); retumn(CIGITS_TOKEN); )

{DHO} {ECHO; ENTER(Z); return(DO_TOKEN); }

{E{LH{SHE) {ECHOQ; ENTER(Z); reum(ELSE_TOKEN);)
{EMLHSHI}{F} {ECHO; ENTER(Z); return(ELSIF_TOKEN);)

{E}{N}{D} {ECHO; ENTER(Z); return(EMC_TOKEN); )

{E}{NH{THRHY) {(ECHO;ENTER(Z); return(ENTRY_TOKEN);}
{EHX)}{CHE}{P}{T}HI}{O}{N)} fECHO; ENTER(Z); return(EXCEPTION_TOKEN)}; }
{EHXM1}{T)}  {ECHO; ENTER(Z); return(EXIT_TOKEN);}

{FHO}R]) {ECHO; ENTER(Z); reurn(FOR_TOKEN); }
{(FHUHNMHCHTHIN{O}{N) {ECHO; ENTER(Z); retum(FUNCTION_TOKEN); }
{GHELNHEHRHI}HC) (ECHO; ENTER(Z); retum(GENERIC_TOKEN); }
{GHOHTHO) {ECHO; ENTER(Z); retum{GOTO_TOKEN}: )

{1}{F}) {ECHO; ENTER(Z}: retum(IF_TOKENY); }

{1} {N} {ECHO; ENTER(Z); return{IN_TOKENY);)

{I1{S}) {ECHO; ENTER(Z); return(1S_TOKEN);)

{LHINMH{THE}{D} {ECHO; ENTER(Z); retum(LIMITED_TOKEN):}
{L}{O}{0}iP} {ECHO; ENTER(Z): return{LOOP_TQKENY}:)

{M}{O}{D) {ECHO; ENTER(Z); return(MOD_TOKEN);

{NHEHW} {ECHO; ENTER(Z). reum(NEW_TOKEN},}

{(NHOJT) {ECHO; ENTER{Z); retwn(NOT_TOKEN); )

(NHUL3L}  {ECHO; ENTER(Z); retum{NULL_TOKEN); }

{0} E) {ECHO; ENTER(Z): return{OF_TOKEN):

{O}R) {ECHO; ENTERZ): return{CR_TOKEN), )

{OHTHHNENR](S) (ECHO; ENTER(Z): return{OTHERS_TOKEN).)
{OHUNT) {BCHO: ENTER(Z); retura(QUT_TOKEN); }
(PHANCHKI(AHG){E} (ECRO:; ENTBR(Z): retum(PACKAGE_TOKEN})
(PHRHAHGHM}{A} (ECHO; ENTER(Z); ratum(PRAGMA_TOKEN):|
{PHRMINVIHHANTHE]) (ECHO; ENTER(Z), return(PRIVATE TOKEN)}
(PHRHOHCHEHDHUNRHE) {ECHO: ENTER(Z); retum(PROCEDURE _TOKEN);}
(RHAMDISHE) {(ECHO: ENTER(Z); retum(RAISE_TOKEN});}
{RUANNHGHE) (ECHO: ENTER(Z): reum(RANGE_TOKEN); )
{(RHEHCHOHR){D} (ECHO, BNTER(Z); retirn(RECORD_TOKEN); }
(RHE}{M] (BECHO, ENTER(2): retuntiREM_TOKEN);)
{RHENNHANMHE)(S)(ECHO; ENTER(Z); retuini(RENAMES_TOKENY); §
{RHENTHU)(R}{N){ECHO; ENTER(Z); rewm(RETURN_TOKEN); )
{RUEHK VHEHRHSHEHECHD,; ENTER(Z): retum(REVERSE_ TOKEN): }
{SHENHLHE)CHTHECHO; ENTER(Z), retum({SELECT_TOKENY; }
ISHE}(PHAHRHA](T]{EHECHO;EN'I'ER(Z);mm{SEﬁ’ARATE_’I‘OKEN):]
{SHUNBHTI Y HPHEHECHO; ENTER®). retum(SUBTYPE_TOKEN); )
{THA}NS)HK) {ECHO; ENTER(Z), retumm(TASK_TOKEN}}
(THEHRHMMINNHANTHEHECHO, ENTER(Z), retum(TERMINATE_TOKEN); )
(THH){(B}{NHECHO; ENTER(Z); returi(THEN_TOKEN): }

{THY HPHE) (ECHO; ENTER(Z); retum(TYPE, TOKEN}; }

(UHSHE}  (ECHO; ENTER(Z), retur{USE_TOKEN);)
{WH{H}E}{N){ECHO; ENTER(Z). retem{WHEN_TOXEN]}; }

"




{WHH}HI}HLHE}{ECHO; ENTER(Z); return(WHILE_TCKEN); }
{WHIHTHH}{ECHO; ENTER(Z); return(WITH_TOKEN);}
{XHO}{R} {ECHO; ENTER(Z); retumn(XOR_TOKEN):}

*=>" {ECHO; ENTER(Z); return{ARROW);}

*." {ECHO; ENTER(Z); return(DOUBLE_DOT);}

" (ECHO; ENTER(ZY; return(DOUBLE_STAR);}

"=" (ECHO; ENTER(Z); return{ASSIGNMENT); }

"/—" {ECHO; ENTER(Z); return(INEQUALITY); }

">=" (ECHO; ENTER(Z); return(GREATER_THAN_CR_EQUAL);}
*<=" {ECHO; ENTER(Z); return(LESS_THAN_OR_EQUALY):}
*<<" ({ECHO; ENTER(Z); reurn(LEFT_LABEL_BRACKET);}
*>>" (ECHO; ENTER(Z); return{RIGHT_LABEL_BRACKET);}
*<"  (ECHO; ENTER(Z); renm(BOX); )

*&" {ECHO; ENTER(Z); reurn('&"); }

*(" {ECHO; ENTER(Z); retum{7; }

" {ECHO; ENTER(IDENT); return()"); }
"+ (ECHO; ENTER(Z); return("*); }

*+" {ECHO; ENTER(Z); reurn(+"; }

*" (ECHO; ENTER(Z); remn(,); }

".* (ECHO; ENTER(Z); return(-"; }

** {ECHO; ENTER(Z); return{.’); }

"/ {ECHO; ENTER(Z); return(/; }

*" {ECHO; ENTER(Z); return("); }

“" {ECHO; ENTER(Z); return(}); }

*<" {ECHO; ENTER(Z); return('<"); }

"=" {ECHO; ENTER(Z); return('="); }

*>" {ECHO; ENTER(Z); return(>"); }

*I* (ECHO; ENTER(Z); return('l"; }
<IDENT>\' {ECHO; ENTER(Z); retumn(™);}

la-z_A-Z][a-z_A-Z0-9)*  {ECHO; ENTER(IDENT);retum(IDENTIFIERY); }
(0-91{0-9.3*(L.J(0-9_I+)2([Ee][-+]12(0-9_1+)? {

ECHO; ENTER(Z);

rewrn(INTEGER LITERAL);}

[0-91[0-9_} " #[0-9a-fA-F_J+([.1{0-9a-fA-F_J+)¥([Ee)[-+]?[0-9_1+)? {
ECHQ; ENTER(Z);
return(INTEGER_LITERALY};}

V(A" )\" {ECHO; ENTER(Z); return(STRING_LITERAL); }

<ZA\(AMNNN - {ECHO; ENTER(Z); return(CHARACTER_LITERALY); }

[\] ECHO; -- ignose spaces and tabs
"-."* ECHO; -- ignore comments to end-of-line
{ECHO;

text_io.put_line("?? lexical error" & ada_lex_dfa.yytext & “77%);
num_errors = num_errors + 1;}
Ml {ECHO; linenum;)
%%
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with ada_tokens;
use ada_tokens;
use text_io;

package ada_lex is

lines : positive ;= 1;
num_erross : natural ;= 0;
procedure linenum;
function yylex return token;

ead ads_lex;
package body ada_lex is
procedure linenum is
begin
text_io.put(integer'image(lines) & ":");
lines := lines + 1;
end linenum;
##

end ada_lex;
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APPENDIX B: SOURCE CODE FOR TEMPLATE
GENERATOR TOOL

A. PACKAGE SPECIFICTION FOR FAULT TREE GENERATOR

with TEXT_IO, TRACE_PACKAGE;
use TEXT_IO, TRACE_PACKAGE;

package FAULT_TREE_GENERATOR is

package INTEGER_INOUT is new INTEGER_IO(INTEGER);
use INTLSER_INOUT;

package BOOLEAN_INOUT is new ENUMERATION_IO(BOOLEAN};
use BOOLEAN_INOUT:

MAX _CHAR LONG :INTEGER :=80;
MAX_CHAR_SHORT : INTEGER :=10;
MAX_ENTRY : INTEGER :=100;

subtype GATE_TYPE is INTEGER range 0..2;
subtype NODE_TYPE is INTEGER range 1..6;

- Represents types of ga:es for fault tree

NO_GATE : CONSTANT GATE_TYPE = (;
AND_GATE : CONSTANT GATE_TYPE := 1;
OR_GATE : CONSTANT GATE_TYPE ;= 2;
- Represents figures for fault tree

RECTANGLE : CONSTANT NODE_TYPE := ;
CIRCLE : CONSTANT NODE_TYPE := 2;
DIAMOND : CONSTANT NODE_TYPE :=3;
ELLIPSE : CONSTANT NODE_TYPE =4,
HOUSE : CONSTANT NODE_TYPE := §;
TRIANGLE : CONSTANT NODE_TYPE := 6;

- Data structure to represent a node within fault tree
type ST_LIST_NODE s private;
type ST_LIST_NODE_PTR is access ST_LIST_NODE;

-- Data structure to represent output locations
type OUTPUT_LOCATION is private;
typs OUTPUT_LOCATION_PTR is access OUTPUT_LOCATION;

-- Data structure for system table records
type TAB_ENTRY is
record
P_F NAME :STRING(!.MAX CHAR_LONG) := (OTHERS =>'");
STMT_PIR  :ST_LIST_NODE_PTR;
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end record;

-- Data structure representing system table
type SYS_TABLE is ARRAY(1..MAX_ENTRY) of TAB_ENTRY;

-- Data structure for exception table records
type EXCEPT_ENTRY is
record
EXCEPT_NAME : STRING(1..MAX_CHAR_LONG) := (OTHERS =>'");
EXCEPT_PTR :ST_LIST_NODE_PTR;
end record;

-- Data structure representing the exception table
type EXCEPT_TABLE is array (1..100) of EXCEPT_ENTRY;

-- Functions to access part of the data structure, due to private type

function RETURN_CHILD (FIRST : ST_LIST_NODE_PTR)
return ST_LIST_NODE_PTR;

function RETURN_CHILD_PREV (FIRST : ST_LIST_NODE_PTR)
return ST_LIST_NODE_PTR;

function RETURN_ROOT_FAULT (FIRST : ST_LIST_NODE_PTR)
return STRING;

function RETURN_GATE_TYPE (FIRST : ST_LIST_NODE_PTR)
retum GATE_TYPE;

function RETURN_NO_CHILDREN (FIRST : ST_LIST_NODE_PTR)
return NATURAL;

function RETURN_NODE_TYPE (FIRST : ST_LIST_NODE_PTR)
retum NODE_TYPE;

function RETURN_X_COORD (FIRST : ST_LIST_NODE_PTR)
retumn INTEGER;

function RETURN_Y_CGORD (FIRST : ST_LIST_NGDE_PTR)
retum INTEGER;

function RETURN_START_L (FIRST : ST_LIST_NODE_PTR)
return NATURAL;

function RETURN_END_L (FIRST : ST_LIST_NODE_PTR)
retun NATURAL;

function RETURN_FILE_NAMZE (FIRST : ST_LIST_NODE_PTR)
retum STRING;
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function RETURN_LABEL (FIRST ; ST_LIST_NODE_PTR)
retum STRING;

-- Procedures to put values onto node structure

procedure PUSH_LABEL (FIRST : ST_LIST_NODE_PTR;
LABEL :STRING);

procedure PUSH_FILE_N (FIRST : ST_LIST_NODE_PTR;
LABEL :STRING);

procedure PUSH_X_COORD (FIRST : ST_LIST_NODE_PTR;
NUMBER : INTEGER);

procedure PUSH_Y_COGRD (PIRST :ST_LIST_NODE_PIR;
NUMBER : INTEGER);

-- Procedures to print the values of the nodes

procedure PRINT_NODE (NODE : in ST_LIST_NODE_PTR);

procedure PRINT_CHILDREN_NODES (NODE : in ST_LIST_NODE_PTR);

procedure PRINT_CHILDREN_OF_CHILDREN (NODE : in out ST_LIST_NODE_PTR);

procedure PRINT_ CHILDREN_OF_CHILDREN_PREVIQUS (NODE : in out
ST_LIST_NODE_PTR),

-- Functions to build templates

function NAME_TEMPLATE (ID : STRING) retum ST_LIST_NODE_PTR;
function VALUE_TEMPLATE (ID : STRING) return ST_LIST_NODE_PTR;
function DIVISION_BY_ZERO_TEMPLATE return ST_LIST_NODE_PTR;
function ADD_FAULT_TEMPLATE return ST_LIST_NODE_PTR;

function SUB_FAULT_TEMPLATE return ST_LIST_NODE_PTR;

function ADD_SUB_TEMPLATE (FIRST, SECOND, THIRD : ST_LIST_NCDE_PTR)
retum ST_LIST_NODE_PTR;

function DIV_MULT_TEMPLATE (FIRST, SECOND, THIRD : ST_LIST_NODE_PTR)
retum ST_LIST_NODE_PTR;

function INDEX_COMP_TEMPLATE (FIRST, SECOND : ST_LIST_NODE_FTR)
retum ST_LIST_NODE_PTR;
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function ASSIGNMENT_TEMPLATE (FIRST, SECOND : ST_LIST_NODE_PTR)
retum ST_LIST_NODE_PTR;

function IF_STATEMENT_TEMPLATE (FIRST, SECOND, THIRD, FOURTH :
ST_LIST_NODE_PTR)
return ST_LIST_NODE_PTR;

function ELSIF_TEMPLATE (FIRST, SECOND, THIRD : ST_LIST_NODE_P1R)
return ST_LIST_NODE_PTR;

function ELSE_TEMPLATE (FIRST : ST_LIST_NODE_PTR)
retum ST_LIST_NODE_PTR;

function STATEMENTS (FIRST, SECOND : ST_LIST_NODE_PTR)
retumm ST_LIST_NODE_PTR;

function BUILD_REL (FIRST, SECOND : ST_LIST_NODE_PTR)
retum ST_LIST_NODE_PTR;

function BUILD_REL_AND (FIRST, SECOND : ST_LIST_NODE_PTR)
return ST_LIST_NODE_PTR;

function BUILD_REL_OR (FIRST, SECOND : ST_LIST_NCDE_PTR)
return ST_LIST_NODE_PTR;

function BUILD_REL_AND_THEN (FIRST, SECOND : ST_LIST_NODE_PTR)
retum ST_LIST_NODE_PTR;

function BUILD_REL_OR_ELSE (FIRST, SECOND : ST_LIST_NODE_PTR)
retum ST_LIST_NODE_PTR;

function BUILD_RANGE_NAME (FIRST : ST_LIST_NODE_PTR)
retum ST_LIST_NODE_PTR;

function BUILD_RNG (FIRST, SECOND : ST_LIST_NODE_PTR)
retum ST_LIST_NODE_PTR;

function BUILD_DESCR_RNG_1 (FIRST : ST_LIST_NODE_PTR)
retum ST_LIST_NODE_PTR;

function BUILD_DBSCR_RNG_2 (FIRST, SECOND : ST_LIST_NODE_PTR)
retum ST_LIST_NODE_PTR;

function BUILD_REVERSE_NODE
retum ST_LIST_NODE_PTR;

function BUILD_LOOP_PRM_SPEC (FIRST, SECOND, THIRD : ST_LIST_NODE_PTR)
retum ST_LIST_NODE_PTR;

function BUILD_FOR _ITERATION (FIRST : ST_LIST_NODE_PTR)
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retun ST_LIST_NODE_PTR;

function BUILD_WHILE_ITERATION (FIRST : ST_LIST_NODE_PTR)
return ST_LIST_NODE_PTR;

function BUILD_LOOP_STMT (FIRST, SECOND : ST_LIST_NODE_PTR)
retum ST_LIST_NODE_PTR;

function BUILD_CASE_STMT_TEMPLATE (FIRST, SECOND : ST_LIST_NODE_PTR)
retum ST_LIST_NGDE_PTR:

function BUILD_CASE_ALT_1_MORE (FIRST, SECOND : ST_LIST_NODE_PTR)
retum ST_LIST_NODE_PTR;

function BUILD_CASE_ALT_0_MORE (FIRST, SECOND : ST_LIST_NODE_PTR)
retum ST_LIST_NODE_PTR;

function BUILD_CASE_STMT_ALT (FIRST,
SECOND,
THIRD :ST_LIST_NODE_PTR;
OTHERS_CHK : BOOLEAN)
retum ST_LIST_NODE_PIR;

function BUILD_OR_CHOICE (FIRST, SECOND : ST_LIST_NODE_PTR)
retum ST_LIST_NODE_PTR;

function BUILD_CHOICE_2 (FIRST, SECOND : ST_LIST_NODE_PTR)
retum ST_LIST_NODE_PTR;

function BUILD_CHOICE_3 (FIRST, SECOND : ST_LIST_NODE_PTR)
return ST_LIST_NODE_P1R;

funciion BUILD_PROC_CALL (FIRST : ST_LIST_NODE_PTR,;
TABLE :SYS_TABLE;
COUNTER : INTEGER)
retum ST_LIST_NODE_PTR;

function BUILD_BLOCK_STMT (FIRST :ST_LIST_NODE_PTR;
SECOND : ST_LIST_NODE_PTR;
THIRD :ST_LIST NODE_PTR)
return ST_LIST_NODE_P1TR;

function JOIN_EXCEPTIONS (FIRST : ST_LIST_NODE_PTR;
SECOND : ST_LIST_NODE_PTR)

retum ST_LIST_NODE_PTR;

function BUILD_EXCEPTION (FIRST :ST_LIST_NODE_PTR;
SECOND : ST_LIST_NODE_PTR)

retum ST_LIST_NODE_PTR;

function CHECK_FUNCTION (FIRST : ST_LIST_NCDE_PTR;
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TABLE :SYS_TABLE;
COUNTER : INTEGER)
retum ST_LIST_NODE_PTR;

function BUILD_RAISE (FIRST : ST_LIST_NODE_PTR)
return ST_LIST_NODE_PTR;

function CHECK_EXCEPT (FIRST : ST_LIST_NODE_PTR;
EX_TAB : EXCEPT_TABLE;
EXCEPT_COUNTER : INTEGER)

retum ST_LIST_NODE_PTR;
private
type ST_LIST_NODE is
record
ST_NODE_LABEL : STRING(1.MAX_CHAR_SHORT) := (others =>'");
ROOT_FAULT 1 STRING(1..MAX_CHAR_LONG) :=(others=>"");
FILE_NAME : STRING(1.MAX_CHAR_LONG) := (others =>"'");
START_LINE : NATURAL w=0;
END_LINE : NATURAL =0
X_CCORDINATE : INTEGER = 0;
Y_COORDINATE + INTEGER =0
TYPE_NODE : NCDE_TYPE =1
TYPE_GATE : GATE_TYPE =0,
NUMBER_OF_CHILDREN : NATURAL =0
PREV_ST_PTR + ST_LIST_NODE_PIR ;= NULL:
CHILDREN_NODES : ST_LIST_NODE_PTR = NULL,;
OUTPUT_FLAG : BOOLEAN = FALSE;
end record;
type OUTPUT_LOCATION is
record
OUTPUT_LABEL : STRING(1.MAX_CHAR_LONG) := (othersm>');
OUTPUT_LINE : NATURAL = 0

OUTPUT_ST_START_NODE : ST_LIST_NODE_PTR 1 NULL,;

PREV_OQUTPUT_LOCATION : OQUTPUT_LOCATION_PTR = NULL;

NEXT_OUTPUT_LOCATION :OQUTPUT_LOCATION_PTR  :=NULL;
end record;

end FAULT_TREE_GENERATOR;
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B. PACKAGE BODY FOR FAULT TREE GENERATOR
package body FAULT_TREE_GENERATOR is

— Function to return child to other package for visibility

function RETURN_CHILD (FIRST : ST_LIST_NODE_PTR)
requrn ST_LIST_NODE_PIR ig

TEMP : ST_LIST_NODE_PTR;
begin -- RETURN CHILD

TEMP := FIRST.CHILDREN_NODES;
RETURN TEMP;

end RETURN_CHILD;

- Function to return child prev to other package for visibility

function RETURN_CHILD_PREV (FIRST : ST_LIST_NODE_P1R)
retum ST_LIST_NODE_PIR is

TEMP : ST_LIST_NODE_PTR;
begin -- RETURN CHILD PREV

TEMP = FIRST.PFREV_ST_PIR;
RETURN TEMP;

end RETURN_CHILD_PREV;

- Function to retum root fault to other package for visibility

function RETURN_ROOT_FAULT (FIRST : ST_LIST_NODE_PTR)
return STRING is

begin -- RETURN ROOT FAULT
RETURN FIRST.ROOT_FAULT;
end RETURN_ROOT_FAULT;

-- Function to retum gate type to other package for visibility

funcion RETURN_GATE_TYPE (FIRST : ST_LIST_NODE_PTR)
retum GATE_TYPE is




begin -- RETURN GATE TYPE
RETURN FIRST.TYPE_GATE;
end RETURN_GATE_TYPE;

-- Function to return number of children to other package for visibility

function RETURN_NO_CHILDREN (FIRST : ST_LIST_NODE_PTR)
return NATURAL is

begin — RETURN NO CHILDREN
RETURN FIRST.NUMBER_OF_CHILDREN;
end RETURN_NO_CHILDREN;

- Function to return nods type to other package for visibility

function RETURN_NODE_TYPE (FIRST : ST_LIST_NODE_PIR)
retumm NODE_TYPE is

bogin -- RETURN NODE_TYPE
RETURN FIRST.TYPE_NODE;
end RETURN_NODE_TYPE;

-- Function to returm x coordinats to other package for visibility

function RETURN_X_COORD (FIRST : ST_LIST_NODE_PTR)
setumn INTEGER is

begin - RETURN X_COORDINATE
RETURN FIRST.X_COORDINATE;
ead RETURN_X,_COORD;

~ Function 0 return y coordinate to other package for visibility

function RETURN_.Y_COORD (FIRST : ST_LIST_NODE_PTR)
rewsm INTEGER is

begin — RETURN Y COORDINATE




RETURN FIRST.Y_COORDINATE;

end RETURN_Y_COORD;

-- Function to return node type to other package for visibility

function RETURN_START_L (FIRST : ST_LIST_NODE_PTR)
retum NATURAL is

begin -- RETURN STARTL
RETURN FIRST.START_LINE;
end RETURN_START_L;

-- Function to return end line to other package for visibility

function RETURN_END_L (FIRST : ST_LIST_NODE_PTR)
retum NATURAL is

begin - RETURNEND L
RETURN FIRST.END_LINE;
end RETURN_END_L;

~ Function to rolurn file nams to other package for visibility

function RETURN_FILE_NAME (FIRST : ST, LIST_NODE_PTR)
retum STRING is

begin -~ RETURN FILE NAME
end RETURN_FILE_NAME,

uFuncﬁcntommnlnhcltooﬁwpackagofoﬂ'iﬁmf

function RETURN_LABEL (FIRST : ST_LIST _NODE_PTR)
reium STRING is

begin — RETURN LABEL.
RETURN FIRST.ST_NODE_LABEL:
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end RETURN_LABEL,

-- Procedure to push label into data struciure
procedure PUSH_LABEL (FIRST : ST_LIST_NODE_PTR;
LABEL :STRING)is
begin
FIRST.ST_NODE_LABEL{LABELrangc) := LABEL;

¢ad PUSH_LABEL,;

- Procedure to push file nasae into daia structure
procedure PUSH_FILE_N (FIRST : ST_LIST_NODE_PTR;
LABEL :STRING)is
begin
FIRST.FILE_NAME(LABELvange) = LABEL;

end PUSH_FILE_N;

- Procedune to push x cootﬁinatu into data stmcﬁm
procedure PUSH_X_COORD (FIRST : ST_LIST_NODE_PIR,
NUMBER : INTEGER) is
bogin
FIRST.X_COORDINATE := NUMBER:

end PUSH_X_COORD;

- Procedure topush y CMMO nto data structure
peocedure PUSH_Y_COORD (FIRST : ST_LIST_NODE_PIR;
NUMBER : INTEGER) s
begin
FIRST.Y_COORDINATE = NUMBER;

end PUSH_Y_COORD;

« Procedure W print the values of 8 node
procedure PRINT_NODE (NODE : in ST_LIST_NODE_PTR) is




begin -- PRINT NODE

if NODE % MULL then

new_line (Z);

put_line ("Printing values of current node. *);
put ("ST_NODE_LABEL :");
put_line (NODE.ST_NODE_LABEL);
put ("ROOT_FAULT :%);
put_line NODE.ROOT_FAULT);

put ("FILE_NAME %
put_line (NODE FILE_NAME);

put ("START_LINE i

put  (NODESTART_LINE);
new_line;

puit  ("END_LINE "%

put (NODEEND_LINE)
new_line;

put  ("X_COORDINATE :*)
put  (NODEX_{OURDINATE),
new_line;

pit  (CY-COORDINATE : ")
put  (NODE.Y_COORDINATE);
new_line;

put  ("TYPE_NODE ) 3

put  (NODETYPE_NODE),
now_line,

put  (“TYFB_GATE i R

put  (NODETYPE_GATE),
new_line;

pt  ("NUMBER_OF _CHILDREN: ")
put  (NODENUMBER_OF_CHILDREN),
new,_tins

pit  ("OUTPUT FLAG :°)
put  (NODEOUTPUT_FLAG)
new_line(2);

else

new_Hne(2);

pat_line ("No nods prinied, the value is null ™
new_Line;

ead if;

end PRINT_NODE;

 Procedue to print the values of tho chilldren nodcs

provedure PRINT_CHILDREN_NODES (NODE : in ST_LIST_NODE_PTR) is
NEXT  :ST_LIST_NODE_PTR;

begin — PRINT CHILDREN NODES
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if NODE = NULL then
NEW_LINE;
PUT_LINE("No value for node passed in, value = null. *);
NEW_LINE; o

else
NEW_LINE(2);
PUT_LINE("Inside PRINT CHILDREN NODES smecedure. )
PUT_LINE("The parent node is the following: ™}

NEW_LINE:
. PRINT_NODBMNORE);
NEW_LINE:
PUT_LINE(The children nodes o as follows: )
NEW_LINE;

# NODESHELOKEN_NODES = NULL then
FUT_LINE("No children nodes ths valua s null ™)
gles
PRENT NOUEODE CHILDREN_NODES),
MEXY = i&ﬁnﬂﬂl}x&ﬂmﬁiﬁﬁﬁﬁv ST_PTR;
whik HEXT f=mililonp
PRINT NODE(REXT),
NEXT = NEXT.PREV_ST_PIR,
end loop,
sad if;
NEW_LINE,
PUT_LINE{"The above 5odas we the children nodes. ™)
end if;

cnd FRINT_CHILDREN_RODES:

- Proceduie (o print the values of tho children of children nodes
procedur PRINT_CHILDREN_OF_CHILDREN (NODE : in out ST_LIST_NGUE_PTR) is

NEXT  :ST_LIST NODE _PTR:
TEMP  : ST_LIST _NODE_PTR = NODE,

begin - PRINT CHILDREN OF CHILDREN

- This will advance the podnter to tie child of the sode passed in
if NODE = NULL tien
NODE = NODECHILDREN_NODES;
else
_,LlNE(Mtsnocthowwwdc. "%
end if;

if NODE = NULL then
NEW_LINE;
PUT_LINE("No value for node pasted in, value » null, *);
NEW_LINE;




else
NEW_LINE(2);
PUT_LINE("Inside PRINT CHILDREN OF CHILDREN NODES procedure. ")
PUT_LINE("The parent node is the following:  ");
NEW_LINE;
PRINT_NODE(NODE);
NEW_LINE;
PUT_LINE("The children nodes are as follows:  *);
NEW_LINE;
if NODE.CHILDREN_NODES = NULL then
PUT_LINE("No children nodes the value is null *);
else
PRINT_NODE(NODE.CHILDREN_NODES);
NEXT ;= NODE.CHILDREN_NODES.PREV_ST_PTR;
while NEXT /= null loop
PRINT_NODENEXT);
NEXT := NEXT.PREV, ST_P‘IR,
end loop; _
endif; -
NEW_LINE; : ‘
PUT_LINE("The above nodes b 3 the children nodes. ").
" - NODE = TEMP;, :
- endifs

end PRINT_CHILDREN_OF_CHILDREN;

— Procedurs t prink the values of the childran_provious of children nodes

procedure PRINY_CHILDREN QF CHILDREN_PREVIOUS (NODE : in out
ST_LIST_NODE_PTR} is

" NBXT  :ST_LIST_NODE_PTR;
TEMP  :ST_LIST NODE_PTR = NODE;

begin « PRINT CHILDREN OF CHILDREN PREVIOUS

- This will advance e pointes to the child of the node passed in
if NODE /o NULL then
NODE :» NODE.CHILDREN_NODES PREV_ST_PIR;
else
PUT_LINE("There is not & sccond child, *);
end if,

{f NODE = NULL then
NEW_LINE,
PUT_LINE("No valus for nodd passed i, valuo = pull, “);
NEW_LINE;
cise
NEW_LINE(2);
PUT_LINE(*Inside PRINT CHILDREN OF CHILDREN_PREVIOUS NODES procedure. *);
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PUT_LINE("The parent node is the following:  *);
NEW_LINE;
PRINT_NODEMNODE);
NEW_LINE;
PUT_LINE("The children nodes are as follows:  *);
NEW_LINE;
if NODE.CHILDREN_NODES = NULL then
PUT_LINE("No children nodes the value is null *);
else
PRINT_NODEMNODE.CHILDREN_NODES);
NEXT := NODE.CHILDREN_NODES.PREV_ST_PTR;
while NEXT /=null loop
PRINT_NODE(NEXT);
NEXT := NEXT.PREV_ST_PTR;
end loop;
end if;
NEW_LINE;
PUT_LINE("The above nodes are the children nodes. *);
NODE = 'I'EMP'
_endif;

end PRINT_CHILDREN_OF_CHILDREN_PREVIOUS;

- Bunction to create node for a name

function NAME_TEMPLATE (ID : STRING) return ST_LIST_NODE_FIR is
TEMP  : ST_LIST_NODE_PTR;

begin —~ NAME_TEMPLATE
TEMP = new ST_LIST _NGCDE;
TEMP.ROOT_FAULT(IDYange) := ID;
retum TEMP,

end NAME_TEMPLATE;

- Funcﬂon to creats wdo for a value

function VALUE_TEMPLATE (I : STRING) return ST_LIST_NODE_PIR is
TEMP  :ST_LIST NODE_PTR;

begin - VALUE_TEMPLATE

TEMP wmnew ST_LIST_NODE,
TEMPROOT_FAULT(IDYange) := ID;
seium TEMP,




end VALUE_TEMPLATE;

- Function ¢ build node for division by zero
function DIVISION_BY_ZERO_TEMPLATE return ST_LIST_NODE_PTR is

TEMP  :ST_LIST_NODE_PIR;
TEMP_STR : STRING (1..23) := "Division By Zero Fault *;

begin - DIVISION BY ZERO TEMPLATE
TEMP «=new ST_LIST_NODE;
TEMP.RCOT_FAULT(TEMP_STR'range) := TEMP_STR,
TEMP.TYPE_NODE = RECTANGLE;

 remm TEMP;

end DIVISION_BY_ZERO_TEMPLATE;

- Fusnction to build node for adding fault
function ADD_FAULT_TEMPLATE return ST_LIST_NODE_PTR is

TEMP  :ST_LIST_NODE_PTR;
TEMP_STR :STRING (1..15) ;= “Addition Fault *;

begin - ADDITION FAULT TEMPLATE
TEMP = new ST_LIST_NODE;
TEMP.ROOT_FAULT(TEMP_STR'range) := TEMP_STR;
TEMP.TYPE_NODE = RECTANGLE;
return TEMP,

end ADD_FAULT_TEMPLATE;

- Function to build node for subtracting fault
function SUB_FAULT_TEMPLATE retum ST_LIST_NODE_PTR is

TEMP ST _LIST _NODE_PTR; ,
TEMP_STR : STRING (1..18) := “Subtraction Fauit *;

begin - SUBTRACTION FAULT TEMPLATE
TEMP = new ST_LIST_NODE;
TEMPROOT_FAULT(TEMP_STR'range) :» TEMP_STR;

TEMP.TYPE_NODE = RECTANGLE;
reium TEMP,
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end SUB_FAULT_TEMPLATE;

-- Function to build node for adding or subtracting

function ADD_SUB_TEMPLATE (FIRST, SECOND, THIRD : ST_LIST_NODE_PTR)
retum ST_LIST_NODE_PTR is

TEMP  :ST_LIST_NODE_PTR;
TEMP_STR : STRING(1..27) := "Addition/Subtraction Fault *;

begin -- ADD SUB TEMPLATE

TEMP :=new ST_LIST_NODE;
TEMP.ROOT_FAULT(TEMP_STR'range) = TEMP_STR;
TEMPNUMBER_OF_CHILDREN =3
TEMP.TYPE_GATE 1= OR_GATE;
TEMP.CHILDREN_NODES =FIRST;
TEMP.CHILDREN_NODES.PREV_ST_PTR = SECOND:
TEMP.CHILDREN_NODES PREV_ST_PTR.PREV_ST_PIR := THIRD;
retumn TEMP;

end ADD_SUB_TEMPLATE;

- Function to build node for division

function DIV_MULT_TEMPLATE (FIRST, SECOND, THIRD : ST_LIST_NODE_PTR)
retum ST _LIST_NODE _PIR is

TEMP  : ST_LIST_NODE_PTR:
TEMP_STR : STRING(1..32) ;= “Division / Multiplication Fault ;

begin --DIV MULT TEMPLATE

TEMP mnew ST _LIST_NODE,
TEMP.ROOT_FAULT(TEMP_STR'range) = TEMP_STR;
TEMP.NUMBER_OF_CHILDREN -3
TEMP.TYPE_GATE w OR_GATE;
TEMP.CHILDREN_NODES = FIRSTY
TEMP.CHILDREN_NODES PREV_ST_PTR = SECOND;
TEMP.CHILDREN_NODESPREV_ST_PTRPREV_ST_PIR .= THIRD;
setum TEMP,

end DIV_MULT_TEMPLATE;

- Function to build node for an index component
function INDEX_COMP_TEMPLATE (FIRST, SECOND : ST_LIST_NODE_PIR)
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retum ST_LIST_NODE_P1R is

TEMP  :ST_LIST_NODE_PTR;
TEMP_STR : STRING(1..24) := "Indexed Component Fault *;

begin - INDEX COMPONENT TEMPLATE

TEMP =new ST_LIST_NODE;
TEMPROOT_FAULT(TEMP_STR'range) = TEMP_STR;
TEMP.NUMBER_OF_CHILDREN =2,
TEMP.TYPE_GATE :=0R_GATE;
TEMP.CHILDREN_NODES = FIRST;
TEMP.CHILDREN_NODES.PREV_ST_PTR = SECOND;

retum TEMP,

end INDEX_COMP_TEMPLATE;

-- Function to build a node for an assignment statement

function ASSIGNMENT_TEMPLATE (FIRST, SECOND .. ST_LIST_NODE_PTR)
retum ST_LIST_NODE_PIR is

TEMP : ST_LIST_NODE_PTR;
TEMP_CHANGE  :ST_LIST_NODE_PTR:
TEMP_EXCEPT :ST_LIST NODE_PTR;
TEMP_OP_EVAL : 5T LiST_NODE_PIR;

TEMP_STR : STRING(1,.27) 1= “Assignment Statement Fault *;
TEMP_CHANGE_STR : STRING()..30) := “Change in values caused Fault *;
TEMP_EXCEPT_STR : STRING(1.42) 1« "Exception causes Fault - Not implemented *;
TEMP_OP_EVAL_STR : STRING(1..32) ;= "Operand Evaluation causes Fault *;

begin ~ ASSIGNMENT TEMPLATE

- - Creating Change in values Nods
TEMP_CHANGE = new ST_LIST_NODE;
TEMP_CHANGE.ROOT _FAULT(TEMP_CHANGE_STRYange) :=TEMP_CHANGE_STR;
TEMP_CHANGE.TYPE_NODE - e RECTANGLE:
« Creating Exception Node
TEMP_EXCEPT ‘= pow ST_LIST_NODE;
TEMP_EXCEPT.ROOT_FAULT(TEMP_EXCEPT_STRYyange) :» TEMP_EXCEPT_STR;
TEMP_CHANGETYPE_NODE = RECTANGLE;
- Creating Operation Evaluation Node
TEMP_OP_EVAL wmpew ST_LIST_NODE;
TEMP_OP_EVAL ROOT_FPAULT(TEIMP_OP_EVAL_STRrange) =
TEMP_OP_EVAL_STR;
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if FIRST /=NULL and SECOND /= NULL then

TEMP_OP_EVAL NUMBER_OF_CHILDREN =2
TEMP_OP_EVAL.TYPE_GATE =0R_GATE;
TEMP_OP_EVAL.CHILDREN_NODES :=FIRST;

TEMP_OP_EVAL.CHILDREN_NODES.PREV_ST_PTR = SECOND;

elsif FIRST = NULL and SECOND /= NULL then
TEMP_OP_EVALNUMBER_OF_CHILDREN =1
TEMP_OP_EVAL.CHILDREN_NODES = SECOND;

elsif FIRST /= NULL and SECOND = NULL then
TEMP_OP_EVALNUMBER_OF_CHILDREN =1
TEMP_OP_EVAL.CHILDREN_NODES = FIRST;

end if;

- Creating Assignment Nods

TEMP = new ST_LIST_NODE;
TEMP.ROOT_FAULT(TEMP_STR'range) = TEMP_STR;
TEMPNUMBER_OF_CHILDREN =3;

TEMP.TYPE_GATE = OR_GATE;

TEMP.CHILDREN_NODES = TEMP_CHANGE;
TEMP.CHILDREN_NODES.PREV_ST_PTR = TEMP_EXCEPT;
TEMP.CHILDREN_NODESPREV_ST_PTR.PREV_ST_PIR :=TEMP_OP_EVAL,

retum TEMP,
end ASSIGNMENT_TEMPLATE;

- Function t build IF node

function IF_STATEMENT_TEMPLATE (FIRST, SECOND, THIRD, FOURTH :
ST_LIST_NODE _PTR)
return ST_LIST_NODE_PIR is

TEMP +ST_LIST_NODE_PTR;
TEMP_COND_TRUE ST _LIST_NODE_PIR;
TEMP_COND : ST_LIST_NODE_PTR;
TEMP_SEQ_STMTS ; ST_LIST_NODE_PIR;
TEMP_EVAL_COND  :ST _LIST_NODE_PTR:

TEMP_STR : STRING(1..26) ;= "If statement caussd fault ;
TEMP_COND_TRUE_STR : STRING(].43) =

*Condition true and stalements caused fault *;
TEMP_COND_STR : STRING(1..18) = “If condition true “:
TEMP_SEQ_STMTS,_STR : STRING(1..27) := “If statemer. cincd fanlt *;
TEMP_EVAL_COND_STR :STRING(1..37) := "Evaluation of cundition causad fault *; -

begin - IF STATEMENT TEMPLATE

« Creating the evaluation of the condition node

TEMP_EVAL_COND = new ST_LIST_NODE;

TEMP_EVAL_CONDROOT_FAULT(TEMP_EVAL_COND_STRYange) :m
TEMP_EVAL_COND_STR;




TEMP_EVAL_COND.CHILDREN_NODES :=FIRST;

-- Creating node for condition true
TEMP_COND := new ST_LIST_NODE;
TEMP_COND.ROOT_FAULT(TEMP_COND_STR'range) := TEMP_COND_STR;

-- Creating node for statements when condition true

TEMP_SEQ_STMTS :=new ST_LIST_NODE;

TEMP_SEQ_STMTS.ROOT_FAULT(TEMP_SEQ_STMTS_STR'range) :=
TEMP_SEQ_STMTS_STR;

TEMP_SEQ_STMTS.CHILDREN_NODES = SECOND;

-- Creating true condition node for if statement

TEMP_COND_TRUE = new ST_LIST_NODE;

TEMP_COND_TRUE.ROOT_FAULT(TEMP_COND_TRUE_STR'range) :=
TEMP_COND_TRUE_STR;

TEMP_COND_TRUE.NUMBER_OF_CHILDREN =2

TEMP_COND_TRUE.CHILDREN_NODES = TEMP_COND;

TEMP_COND_TRUE.CHILDREN_NODES.PREV_ST_PTR = TEMP_SEQ_STMTS:;

TEMP_COND_TRUE.TYPE_GATE 1= AND_GATE;

-- Creating node for if statement

TEMP = pew ST_LIST_NODE:;
TEMPROOT_FAULT(TEMP_STR'range) = TEMP_STR;
TEMP.TYPE_GATE = OR_GATE;
TEMP.CHILDREN_NODES = TEMP_EVAL_COND;
TEMP.CHILDREN_NODESPREV_ST_PTR = TEMP_COND_TRUE:

if THIRD /w NULL end FOURTH /= NULL then
TEMP.CHILDREN NODES.PREV_ST_PTR.PREV_ST_PTR = THIRD,
TEMP.CHILDREN_NODES PREV_ST_PTR.PREV ST_PT‘U’REV ST_PIR
= FOURTH;
TEMPNUMBER_OF _CHILDREN = d;
elsif THIRD w NULL and FOURTH /= NULL then
TEMP.CHILDREN, NODES PREV_ST_PTRPREV_ST PTR =« FOURTH,
TEMPNUMBER_OF_CHILDREN 3
elsif THIRD /= NULL and FOURTH = NULL then
TEMP.CHILDREN_NODES PREV_ST_PTRPREV_ST PTR = THIRD,

TEMPNUMBER_OF_CHILDREN =3
else

'IEMP.NUMBER_OF CHILDREN wd
end if:
retum TEMP,

end IF_STATEMENT, 'IEMPLA‘I‘B

- Function 1o buitd EI.S!F node for IF statement
function ELSIF_ TEMPLATE (FIRST, SECOND, THIRD : ST_LIST_NODE_PTR)

95




retum ST_LIST_NODE_PIR is

TEMP : ST_LIST_NODE_PTR;
TEMP_PREV_CCND  :ST_LIST_NODE_PTR;
TEMP_CUR_FUTURE :ST_LIST_NODE_PIR;
TEMP_CUR_ELSIF : ST_LIST_NODE_PIR;
TEMP_COND_TRUE :ST_LIST_NODE_PTR;
TEMP_SEQ STMTS :ST_LIST NODE_PTR;
TEMP_OTHER_ELSIF :ST_LIST_NODE_PTR;
TEMP_ELSIF_COND  :ST_LIST_NODE_PIR;

TEMP_STR ¢+ STRING(1.23) := "ELSIF caused the fauli *;
TEMP_PREV_COND_STR : STRING(1..39) := “Previous conditions evaluated to false *;
TEMP_CUR_FUTURE_STR : STRING(1..38) := "Current/future ELSIF caused the fanit *;
TEMP_CUR_ELSIF_STR : STRING(1..31) := "Cuirent ELSIF caused the fault “;
TEMP_COND_TRUE_STR : STRING(1..41) := "Cinvent ELSIF condition caused the fault *;
TEMP_SEQ_STMTS_STR : STRING(1..54) := "Current ELSIF sequence of statements caused
the fault *;
TEMP_OTHER_ELSIF_STR: STRING(1..31) = “Other ELSIF's caused the fault *;
TEMP_ELSIF_COND_STR : STRING(1.43) := Evaluatio of Elsif condition caused fault *;

begin - function ELSIF_TEMPLATE

-~ Creating node for all previous conditions ovaluated to false

TEMP_PREV_COND = now ST_LIST_NODE;

TEMP_PREV_COND.ROOT_FAULT(TEMP_PREV_COND_STR'range)
«TEMP_PREV_COND_STR;

TEMP_PREV_COND.TYPE_NODE 1w RECTANGLE,

- Creating node for current ELSIF condition ¢valuating to tive

TEMP_COND TRUE wpew ST_LIST_NODE;

TEMP_COND_ T RUBROOT_FAULT(TEMP_COND_TRUE_STR'rangs) =
TEMP_COND_TRUL_STR; '

- TEMP_ELSIF_COND = pow ST_LIST_NODE_PTR;
TEMP_ELSIF_ COND ROOT_FAULT(TEMP_ELSIF_CGND_STR'range)
TEMP_ELSIF_COND_STR;
TEAP_ELISF_COND.CHILDREN_NODES = FIRST;

- Creating node for current ELSIF sequence of statements

TEMP_SEQ_STMTS = new ST_LIST_NODE; :

TEMP_SEQ _STMTS.ROOT_FAULT(TEMP_SEQ STMTS_STR'range)
TEMP_SEQ_STMTS_STR:

TEMP_SEQ_ STMTS.CHILDREN_NODES = SECOND;
-~ Creating node for current ELSIF causing fault
TEMP_CUR_ELSIF = new ST_LIST NODE;

TEMP_CUR_ELSIFROOT_FAULT(TEMP_CUR_ELSIF_STR'ringe) :=
TEMP_CUR_ELSIF_STR;

TEMP_CUK_ELSIF NUMBER_OF_CHILDREN =2

TEMP_CUR_ELSIF CHILDREN_NODES s TEMP_COOND_TRUE;




TEMP_CUR_ELSIF.CHILDREN_NODES.PREV_ST_PTR = TEMP_SEQ_STMTS;
TEMP_CUR_ELSIF.TYPE_GATE = AND_GATE;

-- Creating node for other ELSIF's possibly causing fault

TEMP_OTHER_ELSIF :=new ST_LIST_NODE;

TEMP_OTHER_ELSIF.ROOT_FAULT(TEMP_OTHER_ELSIF_STR'range) :=
TEMP_OTHER_ELSIF_STR;

TEMP_OTHER_ELSIF.CHILDREN_NODES = THIRD;

-- Creating node for current or previous ELSIF causing the fault

TEMP_CUR_FUTURE =new ST_LIST_NODE;

TEMP_CUR_FUTURE.ROOT_FAULT(TEMP_CUR_FUTURE_STRrange) :=
TEMP_CUR_FUTURE_STR;

TEMP_CUR _FUTURE.TYPE_GATE =OR_GATE;
TEMP_CUR_FUTURENUMBER_OF_CHILDREN =3,
TEMP_CUR_FUTURE.CHILDREN_NODES = TEMP_ELSIF_COND:

TEMP_CUR_FUTURE.CHILDREN_NODES.PREV_ST_PTR = TEMP_CUR_ELISIF;
TEMP_CUR_FUTURE.CHILDREN_NODES.PREV_ST_PTRPREV_ST_PIR =
TEMP_OTHER _ELSIF,;

- Creating node for the ELSIF statements
TEMP = pew ST_LIST_NODE;
TEMPROOT_FAULT(TEMP_STR'range) = TEMP_STR;
3 TEMPNUMBER _OF_CHILDREN -2
@ o TEMP.TYPE_GATE = AND_GATE,
: - TEMP.CHILDREN_NODES = TEMP_PREV_COND,
TEMP.CHILDREN_NODESPREV_ST_PIR ' = TEMP_CUR _FUTURE;

reium TEMP,
. end ELSIF_TEMPLATE;
"~ Function o bulkd ELSE aode for IF sitcament
function ELSE_TEMPLATE (FIRST : ST_LIST_NODE_PTR) reium ST_LIST_NODE PTR is

TEMP : ST_LIST_NODE_PTR;
TEMP_COND  :ST_LIST_NODE_PTR:
TEMP_STMTS  : ST_LIST_NODE_PIR;

TEMP_STR  : STRING(1..23) = “ELSE past caused Fault *;
TEMP_COND_STR : STRING(1..61) ™=

~ 7 “IFcondition and ELSIF condition, if any, evalusted to false *;
TEMP STMTS_STR : STRING(1..32) = “Statemeants in ELSE causcd Fault *;

begin —~ ELSE TEMPLATE
- Creating condition node for else stalernent

-TEMP_COND @ new ST_LIST_NODE:;
TEMP_CONDROOT_FAULT(TEMP_COND_STR'range) := TEMP_COND_STR;

¢?




TEMP_COND.TYPE_NODE =3

-- Creating statements node for else statement

TEMP_STMTS = new ST_LIST_NODE;
TEMP_STMTS.ROOT_FAULT(TEMP_STMTS_STR'range) := TEMP_STMTS_STR;
TEMP_STMTS.CHILDREN_NODES = FIRST;

-- Creating Else node for else

TEMP = new ST_LIST_PODE;
TEMPROOT_FAULT(TEMP_STR'range) = TEMP_STR;
TEMPNUMBER_OF_CHILDREN =2

TEMP.TYPE_GATE =i

TEMP.CHILDREN_NODES = TEMP_COND;

TEMP.CHILDREN_NODESPREV_ST_PTR = TEMP_STMTS;
retum TEMP,
end ELSE_TEMPLATE;

— Function to build nodes for sequence of statements .STMT..

function STATEMENTS (FIRST, SECOND : ST_LIST_NODE_PTR)
retum ST_LIST _NODE_PIR is

TEMP ST _LIST_NODE_PTR;
TEMP_LAST : ST_LIST_NODE_PIR;
TEMP _PREV : ST_LIST_NODE_PTR;
TEMP_LAST _MASK  :ST_LIST_NODE_PIR;
TEMP_SEQ PRIOR  :ST_LIST_NODE_FTR;

TEMP_STR : STRING(1..36) = “Sequence of statements caused fauli =
TEMP_LAST_STR 1 STRING(]..36) = “Last statement caused fault *
TEMP_PREV_STR  ; STRING(1..36) := "Provious statemoents caused fault =
TEMP_LAST_MASK STR : STRING(1..36) :» “Last Statemont did not mask faull *;
TEMP_SEQ _PRIOR_STR : STRING(1..36) :» "Sequence prior to last cansed fault

NEXT : ST_LIST_MODE_PIR;
ADD_LOC : ST_LIST_NODE_PTR:
END_NODE : BOOLEAN :« FALSE;

begin -~ function Statements

- Creating nodes for template of sequence of statements

« Building node for last stalement did not mask fault

TEMP_LAST_MASK = pow ST_LIST_NODE;

TEMP_LAST_MASK.ROOT_FAULT(TEMP_LAST_MASK_STRYange) :=
TEMP_LAST_MASK _STR;

~ Building node for saquence prior to Last statsment caused fault
TEMP_SEQ_PRIOR s now ST_LIST_NODE:




TEMP_SEQ_PRIOR.ROOT_FAULT(TEMP_SEQ PRIOR_STR'range) :=
TEMP_SEQ _PRIOR_STR;

-- Building node for previous statements causad the fault

TEMP_PREV = new ST_LIST_NODE;
TEMP_PREV.ROOT_FAULT(TEMP_PREV_STR'ange) = TEMP_PREV_STR;
TEMP_PREV.TYPE_GATE = AND_GATE;
TEMP_PREV.NUMBER_OF_CHILDREN =2,
TEMP_PREV.CHILDREN_NODES = TEMP_LAST_MASK;
TEMP_PREV.CHILDREN_NODES2?REV_ST_PTR = TEMP_SEQ_PRIOR;

-- Building node for the last statemes: caused the fault
TEMP_LAST = new ST_LIST_NODE;
TEMP_LASTROOT_FAUL T(TEMP_LAST_STR'range) = TEMP_LAST_STR;

- Building node for the sequence caused the fault

TEMP = new ST_LIST _NODE;
TEMP.ROOT_FAULT(TEMP_STR'range) = TEMP_STR,
TEMP.TYPE_GATE = QR_GATE;
TEMP.NUMBER_OF CPILDREN =2,
TEMP.CHILDREN_NODES « TEMP_LAST,
TEMP.CHILDREN_NODES.PREV_ST_PTR = TEMP_PREV,

o Ifboth stmt. and steat ams null
if FIRST w MULL and SECOND = NULL tiien
setam null;
- If . stmd.. is null and steat is nok null
elsif FIRST = NULL and SECONT? /= NULL ten
TEMP_LAST.CHU.DREN NODES QECGN:);
TEMP LAST.NUWER,OF CHILOREN = §;
refum TEMP,
- If, scml.. is sk uli but stmt §s rudl
elstf FIRST A« NULL snd SECOND = NULL then
TEM® LASTCHILDREN NOTBS = FIRST,
TEMP_LASTNUMBER OF CHILLREN = ];
refum TEMP;
- Both .stmi.. and stat have 3 valid statisment
cise
© « Initialize tesmposary pointss to holp place the statements
NEXT =
FIRST.CHI: HNREN_NODES PREV_ST_PTR.CHIL. .EN_NODESPREV_ST_PTR.CHILDR
EN_NODES;
ADD_LOC :w '
FIRST.CHILDREN _NODESPREV_ST_PIR.CHILDREN NODES.PREV, ST_PTR.

“ Loop uiitil you find the place to insest the sodes
while NOT END_NODE loop
if NEXT = NULL then
ADD_LOC CHILDREN NODES = TEMP;
ADD_LOCNUMBER_OF _CHILDREN =1
TEMF.CHILDREN_NODES.CHILDREN_NODES := SECOND;

9




TEMP.CHILDREN_NODES.NUMBER_OF_CHILDREN := I;
END_NODE := TRUE;
return FIRST;
else
ADD_LOC ;=
NEXT.CHILDREN_NODES PREV_ST_PTR.CHILDREN_NODES.PREV_ST_PTR;
NEXT =
NEXT.CHILDREN_NODES.PREV_ST_PTR.CHILDREN_NODES.PREV_ST_PTR.CHILDR
EN_NODES;
end if:
end loop;
end if;

end STATEMENTS;

~ Function to build node joining clements of a relation

function BUILD_REL (PIRST, SECOND : ST_LIST_NODE_PTR)
retum ST_LIST_NODE_PTR is

TEMP : ST_LIST_NODE Fig;
TEMP_STR  : string{1,.26) ;= "Relation caused the fault *;

begin ~ Punction BUILD REL

TEMP wonew ST_LIST _NODE;

TEMPROOT_PAULTIEMP_STRYange) 1= TEMP_STR:

if SECOND /= NULL then

- TEMP.TYPE GATE = O _GATE:

TEMP.NUMBER _OF CHILDREN -
TEMP.CHILDREN NODES = FIRATY
TEMP.CHILDREN_NODES PREV_ST_FTR = SECOND;
TEMPNUMBER_OF_ CHILDREN XN
TEMP.CHILDREN _NCDES = FIRST,

exdif;

end BUILD_REL,;

— Funttion 1o build and relation sode

Function BUTLD_REL_AND (FIRST, SECOND : ST_LIST_NODE_PTR)
return ST_LIST NODE_PIR is
TEMP . $T_LIST_NGDE_PTR:

SEMPLEFT ST LIST NODE PTR:
TEMP RIGHT  :ST_LIST NODE_PTR:
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TEMP_STR : STRING(1..30) := "And Relation caused the fault *;
TEMP_LEFT_STR : STRING(1..36) := "Left or Prior relation caused fault *;
TEMP_RIGHT_STR : STRING(1..28) := "Right relation caused fault *;

begin -- Beginning of the REL AND template

-- Building left node for and relation
TEMP_LEFT = new ST_LIST_NODE;
TEMP_LEFT.ROOT_FAULT(TEMP_LEFT_STR'range) :=TEMP_LEFI_STR;
TEMP_L EFTNUMBER_OF_CHILDREN =1
TEMP_LEFT.CHILDREN_NODES :=FIRST;
-- Building right node for and relation
TEMP_RIGHT :=new ST_LIST_NODE;
TEMP_RIGHT.ROOT_FAULT(TEMP_RIGHT_STR'range) := TEMP_RIGHT_STR;
TEMP_RIGHTNUMBER_OF_CHILDREN =1;
TEMP_RIGHT.CHILDREN_NODES = SECOND;
-- Building and relation node
TEMP :=new ST_LIST_NODE;
TEMP.ROOT_FAULT(TEMP_STR'range) = TEMP_STR;
TEMP.NUMBER_OF_CHILDREN =2;
TEMP.TYPE_GATE = OR_GATE;
TEMP.CHILDREN_NODES = TEMP_LEFT;
TEMP.CHILDREN_NODES.FPREV_ST_PTR = TEMP_RIGHT;
RETURN TEMP;

end BUILD_REL_AND;

- Function to build or relation node

function BUILD_REL_OR (FIRST, SECOND : ST_LIST_NODE_PTR)
retumn ST_LIST_NODE_PIR is
TEMP : ST_LIST_NODE_PTR;

TEMP_LEFT  :ST_LIST_NODE_PTR;
TEMP_RIGHT  :ST_LIST_NODE_PTR;

TEMP_STR : STRING(1..29) := “Or Relation caused the fault *;
TEMP_LEFT_STR : STRING(1..36) := "Left or Prior relation caused fault *;
- TEMP_RIGHT_STR : STRING(1..28) := "Right relation caused fault *;

begin - Beginning of the REL AND template

-- Building left node for and relation

TEMP_LEFT @ new ST_LIST_NODE;

TEMP_LEFT ROOT_FAULT(TEMP_LEFT_STR'Yange) = TEMP_LEFT STR;
TEMP_LEFT NUMBER_OF_CHILDREN -]
TEMP_LEFT.CHILDREN_NODES : FIRST;
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- Building right node for and relation

TEMP_RIGHT =new ST_LIST_NODE;
TEMP_RIGHT.ROOT_FAULT(TEMP_RIGHT_STR'range) := TEMP_RIGHT_STR;
TEMP_RIGHT . NUMBER_OF_CHILDREN =1
TEMP_RIGHT.CHILDREN_NODES «= SECOND;

-- Building and relation node

TEMP :=new ST_LIST_NODE;
TEMP.ROOT_FAULT(TEMP_STR'range) = TEMP_STR;
TEMP.NUMBER_OF_CHILDREN =28
TEMP.TYPE_GATE = OR_GATE;
TEMP.CHILDREN_NODES = TEMP_LEFT;
TEMP.CHILDREN_NODES.PREV_ST_PTR = TEMP_RIGHT;
RETURN TEMP,

end BUILD_REL_OR;

- Function to build and then relation node

function BUILD_REL_AND_THEN (FIRST, SECOND : ST_LIST_NODE_PIR)
retum ST_LIST_NODE PTRis

TEMP : ST_LIST_NODE_PTR;
TEMP_LEFT  :ST_LIST_NODE_PTR;
TEMP _RIGHT  :ST_LIST_NODE_PTR;
TEMP_R L :§T_LIST_NODE_PTR;
TEMP_R R : ST_LIST_NOCDE_PTR;

TEMP_STR : STRING(1..35) ;= "And Then Relation caused the fault *;
TEMP_LEFT_STR  : STRING(1..36) = "Left or Pror relation caused fault *;
TEMP_RIGHT_3TR : STRING(1..28) = "Right relation caused fault *;
TEMP_R L_STR  : STRING(1..19) = "Lefrrelation gue *;

TEMP_R_R_STR  : STRING(1.42) ;= “Evaluation of right mlmwnc&nsed{au!x

begin - Boginning of the REL AND THEN templato

- Building right node's loft child
TEMP R L = new ST _LIST _NODE;
TEMP_R_L.ROOT_FAULT(TEMP_R_L_STRTange) ‘-1‘EMP_R_L_STR.

- Bullding right node's sight chitd

TEMP_R R = pow ST_LIST_NODE;
TEMP_R_RROOT_FAULT(TEMP_R_R_STRrange) :=TEMP R R_STR;
TEMP_R_R.NUMBER_OF_CHILDREN -l
TEMP_R_R.CHILDREN_NODES = SECOND;

« Bullding right node for and relation
TEMP_RIGHT wnew ST_LIST_NODE:
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TEMP_RIGHT.ROOT_FAULT(TEMP_RIGHT_STR'range) := TEMP_RIGHT_STR;

TEMP_RIGHTNUMBER_OF_CHILDREN =2
TEMP_RIGHT.TYPE_GATE := AND_GATE;
TEMP_RIGHT.CHILDREN_NODES =TEMP_R_L:
TEMP_RIGHT.CHILDREN_NCDES.PREV_ST_PTR = TEMP_R_R;
-~ Building left node for and relation

TEMP_LEFT == new ST_LIST_NODE;
TEMP_LEFT.ROOT, _FAULT{TEMP_LEFT_STR'range) :=TEMP_LEFT_STR;
TEMP_LEFT.NUMBER_OF_CHILDREN =1
TEMP_LEFT.CHILDREN_NODES = FIRST;

-- Building and relation node

TEMP = new ST_LIST_NODE;
TEMPROOT_FAULT(IEMP_STRrangc) = TEMP, STR.
TEMP.NUMBER_OF_CHILDREN =2 .
TEMP.TYFE_GATE = OR_GATE;
TEMP.CHILDREN_NODES = TEMP_LEFT;
TEMP.CHILDREN_NODES.PREV_ST_PTR = TEMP_RIGHT;
RETURN TEMP,;

end BUILD_REL, AND_THEN:

« Function to build or elss relation node

function BUILD _REL,_OR_ELSE (FIRST, SECOND : ST_LIST_NODE_PIR)
_ vetum ST_LIST_NODE_PTR is

- TEMF 18T LIST_NODE_PTR:
TEMP_LEFT ;ST _LIST_NODE _MR;
TBMP_RIGHT  : ST_LIST_NODE_PTR;
TEMP R L :ST_LIST_NODE_PIR;
TEMP.R R - :ST_LIST_NODE_PIR;

TEMP_STR : STRING(1.34) :» “Or clss Retation csused the fault *;
TEMP_LEFT. STR  : STRING(1.35) 1= “Left oe Prior relaiion caused fsult *;
TEMP_RIGHT_STR : STRING{1..28) ;= *Rigi selation caused faul
TEMP_R.L STR :STRING(1..20) :w "Left relstion falss

TEMP R.R STR  : STRING(1..42) = “Bvaluation of righuemcmsc&iam’

begin - Begisning of the REL AND THEN templaie

-- Building right node's left child
TEMP_R L wnew ST LIST NODE;
TEMP_R_LROOT_FAULT(YEMP_R L_STRYange) = TEMP R L_STR;

- Building right node's right child -
TEMP R R mnew ST_LIST NODE;
TEMP_R RROOT_FAULT(TEMP_R R STR'ange) = THMP_R R_STR.

103




TEMP_R_R.NUMBER_OF_CHILDREN =1

TEMP_R_R.CHILDREN_NODES = SECOND;

-- Building right node for and relation

TEMP_RIGHT =new ST_LIST_NODE;
TEMP_RIGHTROOT_FAULT(TEMP_RIGHT_STR'range) := TEMP_RIGHT_STR;
TEMP_RIGHT NUMBER_OF_CHILDREN =2;
TEMP_RIGHT.TYPE_GATE = AND_GATE;
TEMP_RIGHT.CHILDREN_NODES = TEMP_R L;
TEMP_RIGHT.CHILDREN_NODES.PREV_ST PTR  :=TEMP_R R;
- RBuilding left node for and relation

TEMP_LEFT =new ST_LIST_NODE;
TEMP_LEFT ROOT_FAULT(TEMP_LEFT_STR'range) := TEMP_LEFT_STR;
TEMP_LEFT.NUMBER_OF_CHILDREN =1,
TEMP_LEFT.CHILDREN_NODES 1= FIRST,

- Building and relation node

TEMP = new ST_LIST_NODE;
TEMP.ROOT_FAULT(TEMP_STR'range) == TEMP_STR;
TEMPNUMBER_OF_CHTLDREN =2,

TEMP.TYPS_G/ ™8 = OR_GATE;
TEMP.CH..DREN_NODES 1= TEMP_LEFT;
TFMF.CHILDREN_NODES.PREV_ST_PTR = TEMP_RIGHT;
RETURN TRMF,

end BUILD_RE!._OR_EL3E;

- Fuiction to build node fov range uame specified causing fault

function BUILD_RANGE_NAME (FIRST : §T L!ST_NODE_PTR)
returm ST_LIST_NODE_PIR is

TEMP ST_LIST_NODE_FTR;
TEMP_STR  : STRING{1.29) := "Range specified caused fault *;

" begin - Beginning of fuiiciion to build range specified node
TEMP «w now ST_LIST_NODE:
TEMP.ROOT_FAULT(TEMP_3TR'rnge) = Thine_STR:
TEMP.CHILDREN_NODES . FIRST:

* YEMPINUMBER OF CHILDREN = :e I;

RETURN TEMP;

end BUILD_RAMGE_NAME:

~ Function to build node for range specified causing fault
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function BUILD_RNG (FIRST, SECOND : ST_LIST_NODE_PTR)
retum ST_LIST_NODE_P1TR is

TEMP : ST_LIST_NODE_PTR;
TEMP_STR  : STRING(1..29) := "Range specified cansed fault *;

begin -- Beginning of function to build range specified node

TEMP :=new ST_LIST_NODE;
TEMPROOT_FAULT(TEMP_STR'range) := TEMP_STR;
TEMP.CHILDREN_NODES = FIRST;
TEMP.CHIL.LDREN_NODES.PREV_ST_PTR := SECOND;
TEMP.NUMBER_OF_CHILDREN =2
TEMP.TYPE_GATE = OR_GATE;

RETURN TEMP;
end BUILD_RNG:;

— Function to build node for discreet rangs 1 child cavsing fault

function BUILD_DESCR_RNG_1 (FIRST : ST_LIST_NODE_PTR)
retum ST_LIST_NODE_PTR is

TEMP : ST_LIST_NODE_PTR;
TEMP_STR  : STRING(1..28) := "Discreet range caused fault *;

begin - Function to build discreet range node causing fault
TEMP wnew ST_LIST_NODE;
TEMPROOT_FAULT(TEMP_STR'range) :« TEMP_STR;
TEMP.CHILDREN_NODES 1 FIRST,
TEMPNUMBER _OF CHILDREN  :w1i;
RETURN TEMP;

end BUILD_DESCR_RNG_};

~ Function to build nods for discreet range 2 children causing faolt

function BUILD_DESCR_RNG_2 (FKRST SECOND : ST_LIST_NODE_PTR)
retum ST_LIST_NODE_PIR is

TEMP : ST_LIST_NODE_PTR;
TEMP_STR  : STRING(1.28) := "Discreet range caused feult *;

begin - Function to build discroet range node causing fault
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TEMP = new ST_LIST_NODE;
TEMP.ROOT_FAULT(TEMP_STR'range) := TEMP_STR;
TEMP.CHILDREN_NODES = FIRST;
TEMP.CHILDREN_NODES.PREV_ST_PTR := SECOND;
TEMPNUMBER_OF CHILDREN =2;
TEMP.TYPE_GATE (= OR_GATE;

RETURN TEMP;
end BUILD_DESCR_RNG_2;

~ Function to build node for reverse specification causing fault

function BUILD_REVERSE_NODE
retum ST_LIST_NODE_P1R is

TEMP + ST_LIST_NODE_PTR;
TEMP_STR  : STRING(1..35) := "Reverse specification caused fault *;

begin -- Function to build discreet range node causing fault

TEMP = new ST_LIST_NODE;
TEMPROOT_FAULT(TEMP_STR'range) := TEMP_STR;

RETURN TEMP;
end BUILD_REVERSE_NODE;

- Function to build nodes for the loop parameter causing fault

function BUILD_LOOP, FRM _SPEC (FIRST, SECOND, THIRD : ST, LIST NODE_PIR)
retum ST_LIST_NODE_PIR is

TEMP  : ST_LIST_NODE_PTR;
TEMP_ID :ST_LIST_NODE_PIR;

TEMP_STR : STRING(1..37) := "Parameter specification caused fault *;
TEMP_ID_STR : STRING(1..34) :» "ldentifier specified caused fauls *;

begin ~ Function to build loop parameier template

- Building left child where name of range specified

TEMP_ID wmnew ST_LIST_NODE;
TEMP_IDROOT_FAULT(TEMP_ID_STRYanje) :« TEMP_ID_STR;
TEMP_IDNUMBER_OF CHIL.DREN wl;

TEMP_1L CHILDREN_NODES = FIRST,

- Building loop parameter specafication node
TEMP = new ST_LIST_NODE;
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TEMP.ROOT_FAULT(TEMP_STR'range) := TEMP_STR;

TEMP.CHILDREN_NODES = TEMP_ID;

if SECOND /= NULL then
TEMP.CHILDREN_NODES.PREV_ST_PTR = SECOND;
TEMP.CHILDREN_NODES.PREV_ST_PTR.PREV_ST_PTR := THIRD;
TEMPNUMBER_OF_CHILDREN =3

else
TEMP.CHILDREN_NODES.PREV_ST_PTIR = THIRD;
TEMP.NUMBER_OF_CHILDREN =2

end if;

TEMP.TYPE_GATE = OR_GATE;

RETURN TEMP;
end BUILD_LOCP_PRM_SPEC;

-- Function to build for loop iteration node

function BUILD_FOR_ITERATION (FIRST : ST_LIST_NODE_PTR)
retum ST_LIST_NODE_PTR is

TEMP :ST_LIST_NODE_PTR;
TEMP_STR : STRING(1..30) := “Iteration scheine caused fault “;

begin -- Function to build for loop node
TEMP «= new ST_LIST_NODE;
TEMP.ROOT_FAULT(TEMP_STR'range) := TEMP_STR:
TEMPNUMBER _OF_CHILDREN -]
TEMP.CHILDREN_NODES e FIRST:;
TEMP.TYPE_GATE = OR_GATE:;
RETURN TEMP,

end BUILD_FOR_JTERATION:;

- Function to bulld while loop iteration node

function BUILD_WHILE_ITERATION (FIRST : ST_LIST_NODE_PTR)
retum ST_LIST_NODE_PIR is

TEMP :ST LIST_NODE_PTR;
TEMP_COND : ST_LIST_NODE_PTR;

TEMP_STR  : STRING(1..30) = “Jteration scheme caused fault *;
TEMP_COND_STR : STRING(1.41) := "Evaluation of condition caused the fault *;

begin ~ Function to build while loop node
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-- Building while condition node

TEMP_COND :=new ST_LIST_NODE;
TEMP_COND.ROOT_FAULT(TEMP_COND_STR'range) := TEMP_COND_STR;
TEMP, CONDNUMBER_OF_CHILDREN =1
TEMP_COND.CHILDREN_NODES =FIRST;

- Building iteration node

TEMP :=new ST_LIST _NODE;
TEMPROOT_FAULT(TEMP_STR'range) := TEMP_STR;
TEMP.NUMBER_OF_CHILDREN =1

TEMP.CHILDREN_NODES = TEMP_COND;
TEMP.TYPE_GATE = OR_GATE;
RETURN TEMP;

end BUILD_WHILE_ITERATION;

- Function to build loop statement template

function BUILD_LOOP_STMT (FIRST, SECOND : ST_LIST_NODE_P1TR)
retun ST_LIST _NODE_P1R is

TEMP  :ST_LIST NODE_PTR;

TEMP2  :ST_LIST_NODE_PTR;
TEMP_3  :ST_LIST_NODE_PTR;
TEMP.4  :ST_LIST_NODE_PTR;
TEMPS  :ST _LIST_NODE_PTR;
TEMP_7  :ST_LIST_NODE_PTR;
TEMP8  :ST_LIST_NODE_PTR;
TEMP_11  :ST LIST NODE_PTR;
TEMP_12  :ST_LIST NODE_PIR;

TBMP_STR : STRING(1..28) := “Loop Statement caused fault *;

TEMP_2_STR : STRING(1..20) ;= "Loop never executed *;

TEMP_3_STR : STRING(1..39) := "Loop condition evaluation caused fault *;
TEMP_4_STR : STRING(1..27) :w *Nth Iteration caused fault *;

TEMP_5_STR : STRING(1..24) := "Wrong Type of loop used *;

TEMP_7_STR : STRING(1..36) := "Sequence of statements causced fault *;
TEMP_8_STR : STRING(1..24) :» "Condition true past n-1 ";

TEMP_11_STR : STRING(1..32) := "Condition truc at n-1 iteraiion *;
TEMP_i2_STR : STRING(1..43) := “Sequence of statements kept condition true *;

begin — Beginning of function to build loop statement templats
-- Building node 12
TEMP_12 w new ST_LIST_NODE;
TEMP_I2RO0T_FAULT(TEMP_12_STR'tange) := TEMP_12 STR;

TEMP_I12.NUMBER_OF CHILDREN -]
TEMP_12.CHILDREN_NODES = SECOND;

~ Building node 11
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TEMP_11 = new ST_LIST_NODE;
TEMP_11.ROOT_FAULT(TEMP_11_STR'range) := TEMP_11_STR;

-~ Building node 8

TEMP_8 = new ST_LIST_NODE;

TEMP_8 ROOT_FAULT(TEMP_8_STR'range) := TEMP_8_STR;
TEMP_S8.NUMBER_OF_CHILDREN =2
TEMP_8.CHILDREN_NODES =TEMP_11;
TEMP_8.CHILDREN_NODES.PREV_ST PTIR :=TEMP_12;
TEMF_8.TYPE_GATE = AND_GATE;

- Building node 7

TEMP_7 = new ST_LIST_NODE;

TEMP _1ROOT_FAULT(TEMP_7_STR'range) := TEMP_7_STR;
TEMP_7NUMBER_OF_CHILDREN =1
TEMP_7.CHILDREN_NODES = SECOND;

-~ Building node 4

TEMP_4 = new ST_LIST_NODE;
TEMP_4ROOT_FAULT(TEMP_4_STR'range) := TEMP_4_STR;
TEMP_4 NUMBER_OF_CHILDREN =-2;
TEMP_4.CHILDREN_NODES = TEMP_7;

TEMP 4.CHILDREN _NODES.PREV_ST_PIR = TEMP_8;
TEMP_4.TYPE_GATE = AND_GATE;

-~ Building node 5
TEMP_S = new ST_LIST_NODE;
TEMP_SROOT_FAULT({TEMP_S_STR'range) :« TEMP_S_STR;

- Building nodo 3
TEMP_3 = new ST_LIST_NODE;
TEMP_3 ROOT_FAULT(TEMP_3_STR'range) = TEMP_3_STR;
TEMP_3.TYPE_GATE 1w OR_GATE;
: TEMP_3,CHILDREN_NODES s TEMP._S;

. - if FIRST fm NULL then

o “TEMP_3.CHILDREN_NODES.PREV_ST_PTR ;= FIRST;
TEMP_3NUMBER_OF_CHILDREN  :s2;
else
TEMP_3NUMBER_OF_CHILDREN w1

*

- Building node 2
TEMP 2 mnew ST_LIST_NODE;
 TEMP_2ROOT_FAULT(TEMP_2_STR'range) = TEMP_2_STR;

- Building node 1 loop statement template
TEMP wnew ST_LIST_NODE;
TEMP.ROOT_FAULT(TEMP_STR'range) = TEMP_STR;
TEMP.TYPE_GATE ‘= OR _GATE;
TEMP.CHILDREN_NODES w TEMP_2;

L TEMP.CHILDREN_NODESPREV_ST_PTR = TEMP_3;

109




TEMP.CHILDREN_NODES PREV_ST_PTR.PREV_ST_PIR := TEMP_4;
TEMP.NUMBER_OF_CHILDREN =3;

RETURN TEMP;

end BUILD_LOOP_STMT;

-- Function to build case statement template

function BUILD_CASE_STMT_TEMPLATE (FIRST, SECOND : ST_LIST_NODE_PIR)
return ST_LIST_NODE_PTR is

TEMP  :ST_LIST_NODE_PTR;
TEMP_2 :ST_LIST_NODE_PTR;

TEMP_STR : STRING(1..28) := "Case statement caused fault *;
TEMP_2_STR : STRING(1..38) := “Evaluation of expression caused fault *;

begin -- BUILD_CASE_STMT_TEMPLATE

-- Building evaluation of expression node

TEMP_2 ' ;e new ST_LIST_NODE;
TEMP_2ROOT_FAULT(TEMP_2_STR'range) = TEMP_2_STR;
TEMP_2 NUMBER_OF CHEZDREN =1
TEMP_2.CHILDREN_NODES = FIRST;

-- Building Cass stmt node -

TEMP e asw ST_LIST_NODE;
TEMPROGT_FAULT(TEMP_STRrange) := TEMP_STR;
TEMP.TYPE_GATE = OR_GATE;
TEMPNUMBER_OF_CHILDREN -2
TEMP.CHILDREN_NCOOES . = TEMP.2;
‘TEMP.CHILDRIN_NODESFREV_ST_PTR = SECOND;

RETURN TEMP;
end BUILD_CASE_STMT_TEMPLATE;

umenmmuﬁuulmstmmAmemdmmmmm
function BUILD_CASE_ALT_ ! MORE (FIRST, SECOND ; ST_LIST_NODE_PIR)

reture ST_LIST, NODE MR is

TEMP : ST_LIST NODE_PIR;

TEMP TR : STRING(1..30) :w “Case alternative caused fault *;
NEXT + ST_LIST_ NODE_PIR;

ADD _LOC : ST_LIST_NODE_PIR;
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END_NODE : BOOLEAN := FALSE;
begin -- Build case alt 1 more

TEMP «=new ST_LIST_NODE;
TEMPROOT_FAULT(TEMP_STR'range) := TEMP_STR;
TEMP.NUMBER_OF_CHILDREN =l

if SECCND = NULL then -- Only one case alternative
TEMP.CHILDREN_NODES := FIRST;

else - Multiple case alternatives (> 2 )
TEMP.CHILDREN_NODES := SECOND;

-- Initialize temporary variables
NEXT := SECOND.CHILDREN_NODES PREV_ST_PTR.CHILDREN_NODES;
ADD_LOC := SECOND.CHILDREN_NODES.PREV_ST_PTR;

-- Iteraiion to find location to add child
while NOT END_NODE loop
if NEXT = NULL then
ADD_LOC.CHILDREN_NODES := FIRST;
END_NODE = TRUE;
else
ADD_LOC := NEXT.CHILDREN_NODES.PREV_ST_PTR;
NEXT = NEXT.CHILDREN_NODES.PREV_ST_PTR.CHILDREN_NODES;
endif;, - pext=null
endloop;  --notend_node
end if; -~ second = null

RETURN TEMP:
end BUILD_CASE_ALT_I_MORE;

-- Function to build 0 or more case alternatives templato

function BUILD_CASE_ALT.0_MORE (FIRST, SECOND : ST_LIST_NODE_PIR)
retum ST_LIST_NODE_PTRis

TEMP  ; ST_LIST_NODE PTR;
TEMPY9 STJJST.NODE_PTR:

TEME s'm \’!?!NGU 4%} v *Curreni/provious alternative caused fault *;
TENP B STR S’K’RWG(I .34) e Peevious alicemative caused fault =;

begin - BUILD CASE ALT O MORE o
TEMP.9 o o ST mmzom S
TEMP_S.R00T, FAULT(TEMF. 9_STR'range) t rmw_s*‘a,

TEMP_SNUMBER OF CHILDREN -l
TEMP_9. CHILDREN_NODES = FIRSY,
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TEMP :=new ST_LIST_NODE;
TEMPROOT_FAULT(TEMP_STR'range) :=TEMP_STR;

TEMP.TYPE_GATE = OR_GATE;
TEMPNUMBER_OF_CHILDREN =2
TEMP.CHILDREN_NODES = SECOND;

TEMP.CHILDREN_NODES.PREV_ST_PIR :=TEMP_9;
RETURN TEMP;
end BUILD_CASE_ALT_0_MORE;

- Function to build individual case statement alternative template

function BUILD_CASE_STMT_ALT (FIRST,
SECOND,
THIRD :ST_LIST_NODE_PTR; :
OTHERS_CHK : BOOLEAN) retum ST_LIST_NODE_P1R is

4 : ST_LIST_NODE_PTR;
6 : ST_LIST_NODE_PTR;
TEMP_7 + ST_LIST_NODE_PTR;

TEMP_8 : ST_LIST_NODE_PTR;
TEMP_10  :ST_LIST _NODE_PTR;
TEMP_11  :ST_LIST_NODE_PTR;
TEMP_12  :ST_LIST.NODE_PIR;
TEMP_13  :ST_LIST NODE_PTR;
TEMP_14  :ST_LIST NODE_PIR;

TEMP_4_STR  : STRING(1.27) := "Others clause caused Sult *;
TEMP_6_STR  : STRING(1.24) ;= "No other condition true *;
TEMP_7_STR :STRING(1..35) := “Body of others clause caused fanit *;

TEMP._8 STR  : STRING(1..33) 1« "Current altemative caused fault *;
TEMP_10_STR : STRING(1..25) ;= “Choice(sj condition true *;-
TEMP_11_STR : STRIMNG(1..38) ;= "Cument alieraative body caused fault *;
TEMP_12_STR : STRING(1..36) ;= "Cuneniprevious choice cased fault *;
TEMP_13_STR : STRING(1..28) :» "Current choice caused fault *;
TEMP_14_STR : STRING(1..29) »s “Previovs chiolce caused fault *;

begin - BUILD CASE STMT ALT

- Condition to check if altemative is an others altemative
if NOT OTHERS_CHK t'wen

«- Building prev choice node

TEMP_ 14 = new ST_LIST _NODE;
TEMP_14.ROOT_FAULT(TEMP_14_STRYange) :a TEMP_14_STR;
if SECOND /= NULL then

12




W

TEMP_14NUMBER_OF CHILDREN  :=1:

TEMP_14.CHILDREN_NODES = SECOND;
end if;
-- Building cun&t choice node
TEMP_13 = new ST_LIST_NODE;

TEMP_13.ROOT_FAULT(TEMP_13_STRange) := TEMP_13 STR;
TEMP_13NUMBER OF_CHILDREN =1
TEMP_13.CHILDREN_NODES = FIRST;

-- Building cusvent previous choice

TEMP_12 = new ST_LIST_NODE; _
TEMP_12.ROO0T_FAULT(TEMP_12_STR'Yange) .= TEMP 12 STR;
TEMP 12.TYPE_GATE" = OR_GATE:
TEMP_12.NUMBER _OF CHILDREN =2
TEMP_12.CHILDREN_NODES = TEMP_13;
TEMP_12.CHILDREN_NODES.PREV_ST_PIR := 133&?,14;

- Building condition true nodo

- TEMBE_10 w=new ST, IJSTMQB
- TEMP_10.ROOT_FAULT(TEMP_10_STRange) := TEMP_10_STR;

TEMP, 10.NUMBER _OF CHILDREN wl;

- TEMP lOCHlLDRENJ\ODBS - = TEMP_IX

—Bud(ﬁnscmmﬂmunvehudymde

CYEMPIL - mnew ST_LIST_NODE;
" TEMP_#1.KOOT_FAULT(TEMZ_11_S$TRYange) :w TEMP_11_STR;

TEMP_11.NUMBER OF CHILDREN B

~TEMP, 13, C31,DREN_NODES = THIRD;
- Building current alicinstive node
TEMP 8 = naw ST_LIST NODE:;

TEMP,_8 ROOT_FAULT(TEMP_8_STR'range) '« TEMP_8_STR;

- TEMP_8.TYPE _GATE - = AND_GATE;

TEMP_8NUMBER OF CHILDREN ‘w2
TEMP_8.CHILDREN_NODES u TEMP_1(:
TEMP_B.CHILDREN_NODES.PREV_ST PTR = TEMP_IL;

RETURN TEMP_8;
e

~ Building no other condition true node ,
TEMP_6 mnew ST_LIST NODE;
TBMP_6ROOT_FAULT(TEMP_6_STR'range) = TEMP_6_STR;

- Building body of other nods

TEMP_? = new ST_LIST_NODE;
TEMP_TROOT_FAULT(TEMP_7_STRTange) :« TEMP 7_STR;
TEMP_7NUMBER_OF CHILDREN -]
TEMP_7.CHILDREN_NODES = THIRD;
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— Building other node

TEMP_4 = new ST_LIST_NODE;
TEMP_4.RCOT_FAULT(TEMP_4_STR'range) = TEMP_4_STR;
TEMP_4.TYPE_GATE = AND_GATE;
TEMP_4.NUMBER_OF_CHILDREN =2
TEMP_4.CHILDREN_NODES = TEMP_6;
TEMP_4.CHILDREN_NODES.PREV_ST_PIR =TEMP_7;

RETURN TEMP._4;
end if:
end BUILD_CASE_STMT_ALT:

- Function to buiki or choice template for case statement

function BUILD_OR_CHOICE (FIRST, SECOND : ST_LIST_NODE_PTR)
retum ST_LIST_NODE_PIRis

TEMP_1$  :ST_LIST_NODE_PTK;
TEMP_16  :ST_LIST_NOME_PTR:
TEMP_17  :ST_LIST.NODE_PIR;

TEMP_15_STR : STRING(1..36) = "Currentfwevious choice cased fanlt *;
TEMP_16_STR : STRING(1..28) := "Current choice cavsed fanit *;
TEMP_17.STR  : STRING(1..29) := "Previous cholce caused fault *;

begin ~ BUILD OR CHOICE

- Buildirg cisvent choice node

TEMP_6 = new ST_LIST_NODE:;
TEMP_16ROOT_FAULT(TEMP_16_STRYange) 1= TEMP IG,Sm
TEMP_16. NUMBER,.OF, CHILDREN ERE

TEMP_16.CHILDREN_NODES 2= SECOND;
— Building prev chaloe node
TEMP_17 = new ST_LIST_NODE;

- TEMP_17.RO0T_FAULT(TEMP_17_STRrange) .« TEMP_17_STR;
if SECOND /= NULL then
TEMP_17.NUMBER_OF_CHILDREN =]
TEMP_17.CHILDREN_NODES *FIRST;
end if;

~ Building curreat previous choice

TEMP_15 = pew ST_LIST_NODE;

TEMP__C . ROOT_FAULT(TEMP_1S_STRYange) :w TEMP. :s,sm.
TEMP_15.TYPE_GATE = OR_GATE,;
TEMP_IS.NUMBER_OF CHILDREN -
TEMP_15.CHILDREN_NODES = TEMP_16;
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TEMP_15.CHILDREN_NODES.PREV_ST_PTR :=TEMP_17,
RETURN TEMP_15;
end BUILD_OR_CHOICE;

-- Funciion to build choice templete for name mg_c

function BUILD_CHOICE_2 (FIRST, SECOND : ST_LIST_NODE_PTR).
return ST_LIST_NODE_PTR is

TEMP : ST_LIST_NODE_PTR;
TEMP_STR  : STRING(1..35) := "Choice discreet range caused fault ";

begin -- Funciion to build discrest range node cansing fault

TEMP =new ST_LIST_NODE;
TEMP.ROOT_FAULT(TEMP_STR'range) := TEMP_STR;
TEMP.CHILDREN_NODES :=FIRST;
TEMP.CHILDREN_NODES.PREV_3'i’ PTR := SECOND;
TEMPNUMBER_OF_CHILDREN =2;
TEMP.TYPE_GATE 1= OR_GATE;

RETURN TEMP;
end BUILD_CHCITE_2;

- Function w build choice statemeni template for sim expr .. sim expr

function BUILD_CHOICE_3 (FIRST, SECOND : ST_LIST_NODE_PTR)
return ST_LIST_NODE_PTR is

TEMP  :ST_LIST NODE_PTR;
TEMP_STR  : STRING(i..36) := "Choice range speciiied caused fault *;

begin -- Beginning of function to build range specified i..de

TEMP x=rnew ST_LIST_NCDE;
TEMPROOT_FAULT(TEMP_STR'range) := TEMP_STR;
TEMP.CHILDREN _NODES = FIRST:
TEMP.CHILDREN_NODES.PREV_ST PTR := SECOND:
TEMP.NUMBER_OF_CHIL.DREN =2
TEMP.TYPE_GATE = OR_GATE;

RETURN TEMP;
end BUILD_CHOICE_3;




-- Function t build procedurs call template

function BUILD_PROC_CALL (FIRST :ST_LIST_NODE_PIR;
TABLE :SYS_TABLE;
COUNTER : INTEGER)

return ST_LIST_NODE_P1R is

TEMP : ST_LIST_NODL_PTR;
TEMP_2 : ST_LIST_NODE_PIR;
TEMP_3 : ST_LIST_NODE_PTK;
TEMP_4 : ST_LIST_NODE_PTR;

TEMP_NF : ST_LIST_NODE_PTR;
TEMPORARY : ST_LIST NODE_PTR:

TEMP_STR : STRING(1..28) = "Procedure call caused fault *;

TEMP_ 2_STR + STRING(1..35) := "Procedure elaboration caused fanlt *;
TEMZ_3_STR  : STRING(1..28) := "Procedure body caused fault *;
TEMP_4_STR : STRING(1..24) := "Parameters caused fault *;
TEMP_NFE STR  : STRING(1..29) := “Procedure not found on table *;

NO_PARA : BOOLEAN,;

PROCEDURE_NAME  : STRING(1..MAX_CHAR_LONG) := (OTHERS =>'");
FOUND : BOOLEAN = FALSE;
LOCATION : INTEGER;

begin -~ function build procedure call

-~ Building of elaboration node
TEMP_2 = ncw ST_LIST_NODE:
TEMP_2 ROOT_FAULT(TEMP_2_STR'range) := TEMP_2_STR;

-~ Building of procedure body node

TEMP_3 '« pew ST_LIST _NODE;
TEMP_3.ROOT_FAULT(TEMP_3_STR'range) = TEMP_3_STR;
TEMP_I.NUMBER_OF_CHILDREN =l

-- Conditional determines if sim_n or index_cmpon was used
if FIRST.CHIL D" EN_NODES = NULL then
NO_PARA s TRUE;
TEMP_3.CHILDREN_NODES = FIRST;
TEMP_3.CHILDREN_NODES.NUMBER_OF CHILDREN := |;
clse
NO_PARA :w FALSE;
TEMPORARY i new ST_LIST_NODE;
TEMPORARY ROOT_FAULT = FIRST .CHILDREN_NODES ROOT_FAULT:
TEMP_3.CHILDREN_NODES = TEMPORARY;
TEMP_J.CHILDREN_NODES.PREV_ST_PTR  :«NULL:
TEMP_J.CHILDREN_NODES.NUMBER_OF_CHILDREN = 1;
end if;
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-- Identifies the name of the procedure
PROCEDURE_NAME := RETURN_ROOT_FAULT(TEMP_3.CHILDREN_NODES);

- For loop to search table to see if procedure is in the table
for INDEX in 1..COUNTER loop
if PROCEDURE_NAME = TABLE(INDEX).P_F_NAME then
FOUND :=TRUE;
LOCATION := INDEX;
end if;
end loop;

-- Conditional will add sequence of statements to procedure if found

if FOUND then

TEMP_2.CHILDREN_NODES.CHILDREN_NODES := TABLELOCATION).STMT_PTR;

else ' <
TEMP_NF = new ST_LIST NODE;
TEMP_NFROCT_FAULT(TEMP_NF_STR'range) := TEMP_NF_STR;
TEMP_3.CHILDREN_NODES.CHILDREN_NODES := TEMP_NF;

end if;

-~ Builds procedure call node

TEMP =new ST_LIST_NODE;
TEMP.ROOT_FAULT(TEMP_STR'range) := TEMP_STR;
TEMP.TYPE_GATE = OR_GATE;
TEMP.CHILDREN_NODES n TEMP_2;

TEMP.CHILDREN_NQDES PREV_ST_PTR = TEMP_3;

- Will build parameters node if parameters used

if NOT NO_PARA then
-- Builds the parameters node and attaches child
TEMP_4 mpew ST_LIST_NODE;
TEMP_4.ROOT_FAULT(TEMP_4_STR'range) == TEMP_4_STR;
TEMP_4NUMBER_OF_CHILDREN w
TEMP_4.CHILDREN_NODES := FIRST.CHILDREN_NODES.PREV_ST_PTR;

TEMP.CHILDREN_NODES.PREV_ST_PTR.PREV_ST_MIR = TEMP_4;
TEMPNUMBER_OF_CHILDREN -3

else
TEMPNUMBER_OF_CHILDREN -

cad if,

RETURN TEMP;
end BUILD_PROC_CALL,

- Fusiction to build block statements template
function BUILD_BLOCK STMT (FIRST : ST_LIST_NODE_PTR:
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SECOND : ST_LIST_NODE_PTR;
THIRD :ST_LIST_NODE_PTR)
return ST_LIST, NODE_PTR is

TEMP_1 :ST_LIST_NODE_PIR;
TEMP_2 :ST_LIST_NODE_PTR;
TEMP_3 :ST_LiST_NODE_PTR;
TEMP 4 :ST_LIST_NODE_PTR;

TEMP_1_STR : STRING(1..29) := "Block Statement Caused Fault "
TEMP_2_STR : STRING(1..23) := "Exception Caused Fault *:
TEMP_3_STR : STRING(1..24) := "Block Body Caused Fault *;
TEMP_4_STR: STRING(1..34):= “Exception Propagated Caused Fauli *;

 begin

-~ Building block body node

TEMP_3 =pew ST_LIST_NODE;
TEMP_3.ROOT_FAULT(TEMP_3_STR'range) := TEMP_3_STR;
TEMP_3 NUMBER_OF_CHILDREN =1

TEMP_3.CHILDREN_NGDES - 2= SECOND;
-~ Building Exception Node
TEMP 2 = new ST _LIST_NODE:

TEMP_2.ROOT_FAULT(TEMP_2_STR'range) = TEMP_2_STR:
" TEMP_2NUMBER_OF_CHILDREN =i

~ Conditional tc determuto if exception declared in block
i THIRD /= NULL then | |

TEMP_2.CHILDREN_NODES = THIRD;
else o
TEMP 4 =new 3T_LIST_NODE; :
'I’BMP,,&ROU!‘_FAUL'I‘(’TEWJ_S’IRW) = TEMP_4_STR;
TEMP_2.CHILDREN_NODES . mTEMP.&;
end if; , ) ,
-~ Building head node foe template
. TEMP_I w naw ST LIST NODE;
_ 'I'BMP_I.R(}OT,FAULT(TEWJ_STRW) = TEMP_|_STR;
 « Conditional to ses if block named
if FIRST As NULL then
« Assigns nne &s child of block
TEMP_LNUMBHER_OF CHILOREN :w ] :
TEMP_LCHILDREN_NODRES » FIRST;
= Assigns childsen to name black
FIRST.TYPE_GATE = OR_GATE:

FIRSTNUMBER OF CHILDREN w2
FIRST.CHILDREN_NCODRS = TEMP_2;
FIRST.CHILDREN_NODES.PREV_ST_PTR :w TEMP_3:
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else

~- No name assigned to block

TEMP_LNUMBER_OF CHILDREN  :=2;

TEMP_LTYPE_GA™3 = OR_GATE;

TEMP_1.CRILDREN_NODES =TEMP_2;

TEMP_1.CHILDREN_NODES.PREV_ST_P1TR := TEMP_3;
end if;

retum TEMP_I;
end BUILD_BLOCK_STMT;

- Fun:tion to Join list of exceptions
function JOIN_EXCEPTIONS (FIRST : ST_LIST_NODE_PTR;

SECOND : ST_LIST_NODE_PTR)
retun ST_LIST_NCDE_PTR is

begin
if FIRST /= NULL ilien
SECOND,CHILDREN_NODES.PREV_ST_PTR.CHILDREN_NODES :=FIRST:
SECOND.CHILDREN_NODES.PREV_ST_PTR.NUMBER_OF_CHILDREN:= 1;
end if}
return SECOND;

end JOIN_EXCEPTIONS;

= Function to build template for one exception
- Assumes 1 exception per alizrnative and simple not conicat name

function BUILD,_EXCEPTION (FIRST :ST_LIST_NODE_PTR;
SECOND : ST_LIST_NODE_PTR)
retum ST_LIST_NODE_PTR is

TBMP ;ST LIST_NODE_VIR;
TEMP_B :ST_LIST NODE_PTR:

TEMP_STR :STRING(1..13) ;= "Exception(s) \;
TEMP_B_STR : STRING(1..19) := "Othar Bxception(s) ;

begin
- Building other exceptions node
TEMP_B ‘wnew ST_LIST NODE,

TEMP_B ROOT_FAULT(TEMP B_STR'runge) = TEMP_B_STR;
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-- Building Exceptions node

TEMP :=new ST_LIST_NODE;
TEMPROOT_FAULT(TEMP_STR'range) := TEMP_STR;
TEMP.TYPE_GATE = OR_GATE;
TEMP.NUMBER_OF_CHILDREN =2
TEMP.CHIL.DREN_NODES == FIRST;
TEMP.CHILDREN_NODES.CHILDREN_NODES := SECOND;
TEMP.CHILDREN_NODES.PREV_ST_PTR :=TEMP_B;

RETURN TEMP;
end BUILD_EXCEPTION;

- Function to build function call template if required

function CHECK_FUNCTION (FIRST : ST_LIST_NODE_PTR;
TABLE :SYS_TABLE;
COUNTER : INTEGER)
retum ST_LIST_NODE_PTR is

TEMP :ST_LIST_NODE_PTR;

TEMP_2 : ST_LIST_NODE_PTR;
TEMP_3 : ST_LIST_NODE_PTR;
TEMP_4 : ST_LIST_NODE_PTR;

TEMP_STR : STRING(1..27) := "Function Call Caused Fault *;
TEMP_2_STR :STRING(1..34) = “Function Blaboration Caused Fault *;
TEMP_3_STR : STRING(1..27) := "Function Body Caused Fauit *;
TEMP_4_STR : STRING(1..24) = "Parameters Caused Fault *;

FUNCTION_NAME : STRING(1. MAX_CHAR_LONG) := (OTHERS =>"'");
FOUND : BOOLEAN s FALSE;
NO_PARA :BOOLEAN :m FALSE;

LOCATION :INTEGER;
begin -- Function Check Function

-- Determines location of name (Simple name or index component)
if FIRST.CHILDREN_NODES = NULL then

NO_PARA := TRUE; - Simple name used
end if;

- Returns the name of the function, if it is a function
if NO_PARA then
FUNCTION_NAME :» RETURN_ROOT_FAULT(FIRST);
else
:JJSC‘IIONNM = RETURN_ROOT_FAULT(FIRST.CHILDREN _NODES);
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— Determines if it is on the Procedure/Function Table
for INDEX in 1..COUNTER loop
if FUNCTION_NAME = TABLE(INDEX).P_F_NAME then
FOUND :=TRUE;
LOCATION := INDEX;
end if;
end loop;

~ If not on table then return pointer sent in, if found then
-~ return Function Call Template

if NOT FOUND then
-- Name not found on table therefore return original node
return FIRST;
ELSE
TEMP_2 :=new ST_LIST_NODE;
TEMP_2.ROOT_FAULT(TEMP_2_STR'range) := TEMP_2_STR;

TEMP_3 = new ST_LIST_NODE;
TEMP_3.ROOT_FAULT(TEMP_3_STR'range) := TEMP_3_STR;
TEMP_3.NUMBER_OF_CHILDREN =1,

- The name of the function
if NO_PARA then
TEMP_3.CHILDREN_NODES 1= FIRST,
else
TEMP_3.CHILDREN_NODES ;= FIRST.CHILDREN_NODES;
end if;

TEMP_3.CHILDREN_NODES.NUMBER_OF_CHILDREN = 1;

-- The sequence of statements for the name
TEMP_3.CHILDREN_NODES.CHILDREN_NODES ;= TABLE(LOCATION).STMT_PTR;

- Builds function call node

TEMP = noew ST_LIST_NODE;
TEMPROOT_FAULT(TEMP_STRrange) :=« TEMP_STR;
TEMP.TYPE_GATE = OR_GATE;
TEMP.CHILDREN_NODES = TEMP_2;
TEMP.CHILDREN_NODES PREV_ST_PIR :« TEMP_3;

- Conditional to build parametars node if needed

if NOT NO_PARA then
-~ Builds the parameters nods and atiaches child
TEMP_4 w new ST_LIST_NODE;

TEMP_4.ROOT_FAULT(TEMP_4_STR'range) :« TEMP_4_STR;
TEMP_4.NUMBER_OF CHILDREN e 1;
TEMP_4.CHILDREN_NODES = FIRST.CHILDREN_NODES PREV_ST_PTR;

FIRST.CHILDREN_NODES.PREV_ST_PTR :«NULL;
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TEMP.CHILDREN_NODES.PREV_ST_PTRPREV_ST_PIR := TEMP_4;
TEMP.NUMBER_OF_CHILDREN =3;

else
TEMP.NUMBER_OF_CHILDREN := 2

end if;

return TEMP;
end if}
end CHECK_FUNCTION;

- Function to build raise statement temiplate

function BUILD_RAISE (FIRST : ST_LIST_NODE_PTR)
retum ST_LIST_NODE_PIR is

TEMP  :ST_LIST_NODE_PTR;

TEMP_2 :ST_LIST_NODE_PTR;
TEMP_3 :ST_LIST_NODE_PTR;
TEMP 4 :ST_LIST_NODE_PIR;

TEMP_STR : STRING(1..29) :» “Raise Statement Caused Fault *;
TEMP_2_STR : STRING(1..36) := "Wrong Exception Raised Caused Fault *;
TEMP_3_STR : STRING(1..31) := "Exception Handler Caused Fault *;
TEMP_4_STR : STRING(1..33) := "Exception not defined in program *;

begin
TEMP_2 = new ST_LIST_NODE;
TEMP_2 ROOT_FAULT(TEMP_2_STR'range) := TEMP_2_STR;
TEMP_3 = new ST_LIST_NODE;
TEMP_3.ROOT_FAULT(TEMP_3_STR'range) :» TEMP_3_STR;
-- Conditional to determine if exception stated
if FIRST /= NULL then

TEMP_3.NUMBER_OF_CHILDREN := {;
TEMP_3.CHILDREN_NODES :=FIRST;

else
TEMP_4 = new ST_LIST_NODE;
TEMP_4.ROOT_FAULT(TEMP_4_STR'range) :=« TEMP_4_STR;

TEMP_3.NUMBER _OF_CHILDREN = 1;
TEMP_3.CHILDREN_NODES :=« TEMP.4;
end if;

= new ST_LIST_NODE;
’I‘BMP.ROOT_PAULT(‘I‘BW_SIRW) = TEMP_STR;
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TEMP.TYPE_GATE = OR_GATE;
TEMPNUMBER_OF_CHILDREN =2;
TEMP.CHILDREN_NODES = TEMP_2;
TEMP.CHILDREN_NODES.PREV_ST_PTR :=TEMP_3;

retumn TEMP;
end BUILD_RAISE;

-- Function to see if exception in exception table

function CHECK_EXCEPT (FIRST + ST_LIST_NODE_PTR;
EX _TAB : EXCEPT_TABLE;
EXCEPT_COUNTER : INTEGER)
return ST_LIST_NODE_PTR is

TEMP : ST_LIST_NODE_PTR;
TEMP_STR  :STRING(1..23) := "Exception rot on table *;

NEW_PTR  :ST_LIST.NODE PTR  :=new ST_LIST_NODE;
. . EXCEPTION_NAME : STRING(1.MAX_CHAR_LONG) := (OTHERS => ' );

FOUND : BOOLEAN = FALSE;
LOCATION  :INTEGER;

begin

-- Conditional to determine if exception name stated

if FIRST = NULL then
return FIRST;

else
~- Assigns name of exception to vuriable
EXCEPTION_NAME := RETURN_ROOT_FAULT(FIRST);

-- Loop will determine if exception is on table
for INDEX in 1.BXCEPT_COUNTER loop
if EBXCEPTION_NAME = EX_TAB(INDEX).EXCEPT_NAME then
FOUND :=TRUE;
LOCATION := INDEX;
end loop;

if FOUND then
-- Option will attach sequence of statements for exception
NEW_PTR = BX_TAB(LOCATION)EXCEPT_VIR;
FIRST.CHILDREN_NODES = NEW_PTR;
: FIRSTNUMBER_OF_CHILDREN :w 1;

' clse

‘ - Option will create node stating exception not defined
TEMP wnew ST_LIST_NODE;
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TEMP.ROOT_FAULT(TEMP_STR'range) := TEMP_STR;
FIRST.CHILDREN_NODES :=TEMP;
FIRSTNUMBER_OF_CHILDREM =l
end if;
" return FIRST;
endif:

end CHECK_EXCEPT;

end FAULT_TREE_GENERATOR;
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C. PACKAGE SPECIFICATION FOR TRAVERSE PACKAGE

with TEXT_JO, FAULT_TREE_GENERATOR;
use TEXT_IO, FAULT_TREE_GENERATOR;

package TRAVERSE_PKG is

peckage INTEGER_INOUT is new INTEGER_IG(INTEGER);
wse INTEGER_INOUT;

package BOOLEAN_INGUT is now ENUMERATION IO(EOOLBAN).
use BOOLEAN_INOUT;

MAX_NODES : INTEGER := 1000; -~ Arbitrary number

subtype NODE_NUMBER is INTEGER rangs 0.MAX_NODES;
subtype LEVEL_NUMBER is INTEGER range 0.MAX_NODES;
subtype QUEUE_LIST is INTEGER range 0..MAX_NODES;

- Dieclaration of variables for Queus
type QUEUE_RECORD is
record

NODE :ST_LIST_NODE_PTR;
NODE_NO : NODE_NUMBER;

LEVEL_NO :LEVEL_NUMBER;
end record;

type QUEUE is aray (1. MAX_NODES) of QUEUE_RECORD;

TREE :QURUE;
FRONT :QUEUE_LIST =0;
REAR :QUEUE_LIST = 0;

PARENT :3T_LIST _NODE_PTR;
CHILD :ST_LIST_NODE_PTR;
EMPTY_QUE : BOOLEAN = FALSE;

PARENT_NO : NODE_NUMBER = 0;
CHILD_NO :NODE_NUMBER :«(;
COUNTER :NODE_NUMBER :=0;

GATE  :STRING(1.5) := (others m>*7);
GATE_VALUE : GATE_TYPE :=(;

- Declaration of vaniables for stack
type STACK_RECORD is
socord
NODE :ST_LIST NODE_PIR;
NODE_NO : NODE_NUMBER;
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end record;
type STACK is array (1..MAX_NODES) of STACK_RECORD;

TEMP_STACK : STACK;
MAIN_STACK : STACK;

MAXSTK :INTEGER :=MAX_NODES;
TOP  :INTEGER =0;
T_TOP :INTEGER :=0;

function IS_EMPTY (FRONT : QUEUE_LIST) return boolean;

procedure ENQUE (TTREE : in out QUBUE;
FRONT : in out QUEUE_LIST;
REAR : in out QUEUE_LIST:
POINTER :in out ST_LIST_NODE_PTR;
NUMBER :in ot NODE_NUMBER;
LEV_NO : in out LEVEL,_NUMBER);

procedure DEQUE (TTREE : in out QUEUE;
FRONT : in out QUEUE_LIST;

REAR : in out QUEUE_LIST:
POINTER  : outST_LIST_NODE_PTR;
NUMBER : out NODE_NUMBER;

LEV_NO : out LEVEL_NUMBER);
procedure TREE_TRAVERSAL (ROOT : ST_LIST_NODE_PTR);
procedurs FTE_FILE1 (ROOT  : ST_LIST_NODE_PTR);
function BMPTY({TOP : INTEGER) return boolean;
procedure PUSH (T_STACK  :inout STACK;

TOP_NO :ircut INTEGER;

NODE  :incui ST_LIST_NODE _FIR)
proceduse POP (T_STACK  : inout STACK,

TOPNO  inow INTEGER;

NODE  : outST_LIST_NODE_FIR);

pocedure CREATE FIE (ROOT @ ST_LIST_NODE_PIR;
FTE_FILE : FILE_TYPE),

¢ad TRAVERSE_PKG;




D. PACKAGE BODY FOR TRAVERSE PACKAGE

package body TRAVERSE_PKG is

function IS_EMPTY (FRONT : QUEUE_LIST) retum boolean is
begin -- function is_empty

if FRONT = () then
raum trug;

else

retum false;
end if;

end IS_EMPTY;

procedure ENQUE (TTREE  : in out QUEUE;
FRONT :inoutQUEUE_LIST;
REAR :inout QUEUE_LIST:
POINTER : in out ST_LIST_NODE_PTR;
NUMBER : in out NODE_NUMBER;
LEV_NO :in out LEVEL_NUMBER) is

. begin -- procedure engus

if FRONT = 1 and REAR » MAX_NODES then
new_ line;
put_tine(®"OVERFLOW ERROR. "),
new_line:
clse
, If FRONT = () then - Queus empRy
¢ FRONT = 1;
REAR =],
clsif REAR = MAX_NCDES then - Atend of queus
REBAR w=1;
) else « Increment queus
- REAR :=REAR+1;
end if;
TTREE(REAR)NODE = POINTER;
TTREEREAR)NODE_NO :=» NUMBER;
TTREE(REAR)LEVEL_NO := LEV_NO;
end if;

end ENQUE:

procedure DECUE (TYREE  : in out QUEUE;
FRONT  :inout QUEUE_LIST;
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RFAR :inout QUEUE_LIST;
POINTER : out ST_LIST_NODE _PTR;
NUMBER : out NODE_NUMBER;
LEV_NO : outLEVEL_NUMBER)is

begin — procedure deque

if FRONT = ( then - Tyying to deque null
new_line;
put_line{"UNDERFLOW ERROR. ")
new_line;
else
FOINTER = TTREE(FRONT).NODE;
NUMBER = TTREE(FRONT).NODE_NO;
LEV_NO = TTREE(FRONT).LEVEL_NO;
if FRONT = REAR then - 1 item in Quaune
FRONT := 0;
REAR :=0;
clsif FRONT » MAX_NODES then ~ At end of quene
FRONT = §; .
clse - Anywhere in Queus
FRONT ;= FRONT + 1;
end if: - if front = rear

endif: ~ if font =
'mdDEQUE:

procedure TREE_TRAVERSAL (ROOT : ST_LIST, NODE_PTR) is|

DUMMY_VARIABLE ; INTEGER = (;
begin - procedure tree_travessal

- Initistization of Variables used
FRONT KT +
REAR w0

EMPTY_QUE = FALSE;

PARENT NO =0
CHILD NO =0;
COUNTER w0,

GATE_VALUE =0;
~ Heading for travessal
new_line;

SET_QOL(1);
PUTCLITERAL TREE OUTPUT™;
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new_line;

SET_COL(11};

PUT (" )
new_line(2);

SET_CCLQTy;

PUT ("Parent");

new_line;

PUT ("Parent”);

SET_COL(11);

PUT ("Node ");

SET_COL(18);

PUT ("GATE "),

SET_COL{24);

PUT ("Fault for Node *);

new_line;

wr (”-......“);

SET_COL(11);

PUT ("=--");

SET_COL(18);

PUT ("---");

SET_COL(24);

PUT ("--
new_line;

.');

-- Setting Head of tree to the root
PARENT :=ROOT;
ENQUE(TREE, FRONT, REAR, PARENT, PARENT_NO, DUMMY_VARIABLE),

-~ Printing thie values of the root

new_line;

SET_COL(7);

PUT("=>");

PUT (PARENT_NO, width => §);
SET_COL(18);

PUT ("Null *;

SET_COL(24);

PUT (RETURN_ROOT_FAULT(PARENT));
new_ling;

-- Traversing the remaining noes and printing the values
while riot IS_EMPTY (FRONT) loop

DEQUE(TREE, FRONT, REAR, PARENT, PARENT_NO, DUMMY_VARIABLE),
if PARENT /= NULL then

-- Sets pointer to first child
CHILD := RETURN_C:I1.D(PARENT);

-- Function will retrieve gate type of parent
GATE_VALUE := RETURN_GATE_TYPE(PARENT);
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-- Conditional to convert type gate from integer to string
if GATE_VALUE =( then
' GATE := "Null ";
elsif GATE_VALUE =1 then
GATE :="And *;
else
GATE :="Or
end if;

-- Prints children and puts children on queue
if CHILD /= NULL then
-- Conditional determines the child and puts the child on array
while CHILD /= NULL loop
CCOUNTER :=COUNTER + |;
CHILD_NO := COUNTER;
new_line;
PUT (PARENT_NO, width => 5);
SET_COL(7):
PUT (" =>");
PUT (CHILD_NO, width => 5);
SET_COL(18);
PUT (GATE);
SET_COL(A4).
PUT (RETURN_ROGT_FAULT(CHILD));
new_line;
ENQUE(TREE, FRONT, REAR, CHILD, CHILD_NO, DUMMY_VARIABLE);
CHILD :» RETURN_CHILD_PREV(CHILD);
end loop; -~ while chiid...

endif; - if child...
end if; - if parent...
end loop; - whils not...

end TREE_TRAVERSAL:

procedure FTE_FILEL (ROOT : ST_USTNNODB,PTR) is

DUMMY_VARIABLE : INTEGER := 0;
begin — procedure FTE_FILB

-- Initialization of Variables used
FRONT w0
REAR w0
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EMPTY_QUE :=FALSE;

PARENT NO :=0;
. CHILDNO :=0;
COUNTER  :=0;

GATE_VALUE :=0;

-- Heading for traversal
new_line;
: SET_COL(11);
. PUT(FTE FILE OUTPUT");
new_line;
SET_COL(11);
PUT (" ")
new_line;
new_line;
- SET_COL(11),
" PUT ("Node *);
LY SET_COL(24);
PUT ("Fault for Node ");
new_line;
- SET_COL(11);
. PUT ("--—");
SET_COL(24);
PUT ("erememennoneee®),
new_line;

: -~ Setting Head of tree to the root
- PARENT := ROOT;
ENQUE(TREE, FRONT, REAR, PARENT, PARENT_NO, DUMMY_VARIABLE),

-- Printing the values of the root
new_line;
SET_.COL(11);
. PUT (PARENT_NO., width => 5);
& SET_COL(2A);
) PUT (RETURN_ROOT_FAULT(PARENT)),
new_lino;

- Traversing the remaining nodes and printing the values
. while not IS_EMPTY (FRONT) loop

DEQUE(TREE, FRONT, REAR, PARENT, PARENT_NO, DUMMY_VARIABLE);
§ if PARENT /= NULL then

- Sets pointer to firs chitd
CHILD ;= RETURN_CHILD(PARENT):
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-- Prints children and puts children on queue
if CHILD /= NULL then
-- Conditional determines the child and puts the child on array
while CHILD /= NULL loop
COUNTER := COUNTER + 1;
CHILD_NO := COUNTER;
new_line;
SET_COL(11);
PUT (CHILD_NO, width => 5);
SET_COL(24);
PUT (RETURN_ROOT_FAULT(CHILD));
new_line;
ENQUE(TREE, FRONT, REAR, CHILD, CHILD_NO, DUMMY_VARIABLE);
CHILD := RETURN_CHILD_PREV(CHILD);
end loop; - while child...

endif; - ifchild...
endif;  --if parent...
end loop; - while not...

end FIE_FILE],

function EMPTY(TOP : INTEGER) retum boolean is
begin -- Function Empty

if TOP = 0 then
retum TRUE;
else

retum FALSE;
end if;

end EMPTY:,

procedure PUSH (T_STACK  : in out STACK;
TOP_NO ™ : in out INTEGER;
NODE  :in out ST_LIST_NODE_PIR) is

begin

if TOP_NO w MAXSTK then
NEW_LINE:
PUT_LINE("OVERFLOW, ERROR. ERROR.");
NEW_LINE;
clse
TOP_NO = TOP_NO +1;
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T_STACK(TOP_NO)NODE :=NODE;
end if;

end PUSH;

procedure POP (T_STACK :inout STACK;
TOP_NO :inoutINTEGER;
NODE : outST_LIST_NODE_PTR)is

begin

if TOP_NO =0 then
NEW_LINE;
PUT_LINE("UNDERFLOW, ERROR. ERROR");
NEW_LINE;

else
NODE :=T_STACK(TOP_NO).NODE:
TOP_NO :=TOP_NO-1;

end if;

end POP;

procedure CREATE_FILE (ROOT : ST_LIST_NODE_PTR;
FYE_FILE: FILE_TYPE)is

« Declaration of local variables used in procedure
B_LINE :NATURAL :=0;

E_LINE :NATURAL =0

X.COORD :INTEGER =0

Y_COORD :INTEGER w;

VARIABLE :INTEGER :=(;
TOGGLE  :BOOLEAN =2 FALSE;

VARX : constant INTEGER = 75;
VARY : constant INTEGER := 8S;

LEVEL_CHG :INTEGER :@=0;
Y_LEVEL NO :INTEGER :=0;

PLEVEL NO :INTEGER :=(;
CLEVEL_NO :INTEGER :=0;
OLD_PLEVEL :INTEGER :=(;
LAST_CHAR :INTEGER :=0;
LABEL  :STRING(1.MAX_CHAR_SHORT) :« (OTHERS »>'");

ROOT_FAULT :STRING(1..MAX_CHAR_L.ONG) = (OTHERS w>'");
FILE_NAME : STRING(1.MAX_CHAR_LONG) := (OTHERS »>"'");
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begin

- Initialization of variables declared in specification
FRONT =0
REAR =0;

EMPTY_QUE :=FALSE;

PARENT.NO :=0;
CHILD NO :=0;
COUNTER :=0;

GATE_VALUE :=0;

-- Setting Head of tree to the root
PARENT :« ROOT;
ENQUE(TREE, FRONT, REAR, PARENT, PARENT_NO, PLEVEL_NO);

PUSH_LABEL (PARENT, INTEGERTMAGE(PARENT_NO));
PUSH_FILE_ N (PARENT, "EXAMPLE.A")
PUSH_X_COORD (PARENT, X_COORD);
PUSH_Y_COORD (PARENT, Y_COORD);

-- Traversing the remaining nodes and printing the values
while not IS_EMPTY (FRONT) loop

DEQUE(TREE, FRONT, REAR, PARENT, PARENT_NO, PLEVEL_NO);
if PARENT /= NULL then

if PLEVEL_NO /= OLD_PLEVEL then
X_COORD :=0;
end if;

- Sets pointer to first child
CHILD :s RETURN_CHILD(PARENT);

- Prints children and puts children on queus
if CHILD /e« NULL then
- Conditional determines the child and puts the child on arvay
while CHILD /= NULL loop
COUNTER = COUNTER + 1;
CHILD_NO := COUNTER;

PUSH_LABEL (CHILD, INTEGERIMAGE(CHILD_NO));
PUSH_FILE N (CHILD, "EXAMPLE.A");

PUSH_X_COORD(CHILD, X_COORD),
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x_cootd := x_coord + varx;
PUSH_Y_COORD(CHILD, RETURN_Y_COORD(PARENT) + VARY);
CLEVEL_NO :=PLEVEL_NO+1;

ENQUE(TREE, FRONT, REAR, CHILD, CHILD_NO, CLEVEL_NO);
CHILD := RETURN_CHILD_PREV(CHILD);

if CHILD = NULL then
OLD_PLEVEL := PLEVEL_NO;
end if;

end loop; - while child...
endif, --if child...
end if; -~ if parent..,
end loop; «- while not...

-- Initialization of variables
PARENT NO :=0:
CHILDNO :=0;
COUNTER :=0;

-- Placing the root node into the stack
PARENT :=ROOT; _
PUSH(MAIN_STACK, TOP, PARENT);

- Conditional to do depth first traversal of tree
while NOT EMPTY(TOP) loop
POP(MAIN_STACK, TOP, PARENT);

-- Putting the label of node into the now file
LABEL w RE’I’URN_LABEL(PAREN'I)
LAST_CHAR :« LABEL'LAST:;

while LABEL(LAST_CHAR) = ' ' ynd LAST "HAR /=0 loop
LAST_CHAR :« LAST_CHAR - {;
end loop,

if LAST_CHAR w 0 then

PUT(FTE_FILE, **);
NEW_LINE(FTE_FIL®);

elss

PUT(FTE_FILE, LASEL(1.LAST_CHAR));
NEW_LINE(FTE_FiLE);

end if;

- Putting the fault of the node into the new fils
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ROOT_FAULT := RETURN_ROOT_FAULT(PARENT);
LAST_CHAR :=ROOT_FAULTLAST;

while ROOT_FAULT(LAST_CHAR) ="'’ and LAST_CHAR /= 0 loop
LAST_CHAR := LAST_CHAR - 1;
end locp;

if LAST_CHAR = 0 then
PUT(FTE_FILE, "*);

elIZ:SW.LIN13(15'1'13_1"11--75);
PUT(FTE_FILE, ROOT_FAULT(1.LAST_CHAR));
NEW_LINE(FTE_FILE);

end if;

-- Putting file of node into the new file
FILE NAME := RETURN_FILE_NAME(PARENT);
LAST_CHAR :=FILE_NAMELAST;

- while FILE_NAME(LAST_CHAR) = ' ' and LAST_CHAR /= ( loop
LAST_CHAR := LAST_CHAR - 1;
end loop;

if LAST_CHAR =0 then
PUT(FTE_FILE, "*);
dNBW_LNE(Fl’B_Fﬂ.B):
5S¢
PUT(FTE_FILE, FILE_NAME(1..LAST_CHAR));
N('lBiY_LmE(PTB...Fn-B):
end it;

-- Putting line 4 of node(Line no's, X & Y coord, node, gate, children)
PUT(FTE_FILE, RETURN_START_L(PARENT), width=>0);
PUT(FTE_FILE, '),

PUT(FTE_FILE, RETURN_END_L(PARENT),  width => 0);
PUT\FTE_FILE, ' );

PUT(FTE_FILE, RETURN_X_COORD(PARENT), width =>0);
PUT(FTE_FILE, '";

PUT(FTE_FILE, RETURN_Y_COORD(PARENT), width=>0);
PUT(FTE_FILB,'";

PUT(FTE_FILE, RETURN_NODE_TYPE(PARENT), width=>0);
PUT(FTE_FILE, ')

PUT(FTE_FILE, RETURN_GATE_TYPE(PARENT), width=> Q);
PUT(FTE_FILE,'");

PUT(FTE_FILE, RETURN_NO_CHILDREN(PARENT), width «> 0);
NEW_LINE(FTE_FILE);

CHILD := RETURN_CHILIXPARENT);
if CHILD /m null then

- Conditional to determine children of parent
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while CHILD /= null loop
COUNTER := COUNTER + 1;
CHILD_NO := COUNTER;
PUSH(TEMP_STACK, T_TOP, CHILD);
CHILD :=RETURN_CHILD_PREV(CHILD);
end loop;

-- Conditional to place children on stack in ordex
while not EMPTY(T_TOP) loop
POP (TEMP_STACK, T_TOP, CHILD);
PUSH (MAIN_STACK, TOP, CHILD);
end lcop;
end if;
end loop;

end CREATE_FILE;

end TRAVERSE_PKG;
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APPENDIX C: ADA STRUCTURE TEMPLATES

Sequence of Statements Template

! Lait Statement Did Sequence Prior To Let
Not Mask Fault Statement Cowsed Pault

Siatemeni(s)

* Sequence of statements template was not depicted in the
works of Leveson, Cha, and Shimeall.
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* There is no difference between the tool generated Assignment Template
and the Leveson, Cha, and Shimeall template.
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I Then Elsif Else Template

If Statemment
Cawsed Fault

AL Conditions Puise wennce of Sitements
N B Consed Yorld

* The Leveson, Cha, and Sbimeall &emplate dﬁ! net eilshﬂgmsh beiween the
“if” associated nodes and the “elsif” associated nodes, but the tool generated
template presented the two separately
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* The tool generated Loop Template distinguished Iretwee" the dnﬁerent Cl::
of loops and expanded the associated “condition” nodes and the bevesw,
and Shimeall template did not.
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* The tool generated Case Template physically placed the *“Other’s Clause
‘Caused Fault” and associated nodes on a Yower level then-the Leveson, Cha,
and Shimeall template, nevertheless, the two templates are equivalent.
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Proceduie Call Templat

Procedwre Call |
Caused Fault

* The too! g ~nerated Procedure Call Template added the node
“Procedure Elaboration Caused Fault” to the template from
Leveson, Cha, and Shimeall.
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Function Call Templa

* The Function Call Template was not depicted in the works
of Leveson, Cha, and Shimesll. |
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Block Statement Tempiate

Block of Staterments
Canted Fault

(Block Name Optional)

* The tool generated Block Statement Template elaborated more
on the “Exception Caused Fault” node then did the works of :
‘Leveson, Cha, and Shlmeall -
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* There was no difference in the Raise Template between the tool
generated and the Leveson, Cha, and Shimeal! templates.
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Division and Multiplication Template

Division/Multiplication
Expression Caused Fault

Evaluation of “/” or te*
Caused Fault

Evaluation of Left Term
Caused Fault

Evaluation of Right Term(s)
Cauead Fault

Operators  Division by Zaro Term(s) and/or

* Division / Multiplication Template was not depicted in the works
of Leveson, Cha, and Shimeall.
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Addition and Subtraction Template

Evaluation of Right Term(s)
Caused Fault

Term(s) and/or 0

Evaluation of Left Term  § Evaluation of “+” op 4"
Caused Fault . Causad Fault

* Addition / Subtraction Template was not depicted in the works
of Leveson, Cha, and Shimeall.

148




And Relation Template

And Relation(s) Relation

* And Relation Template was not depicted in the works of
Leveson, Cha, and Shimeall.
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And Then Relation Template

* And Then Relation Template was not depicted in the works of
Leveson, Cha, and Shimeall.
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r Relation Templ

Or Redation(s) Relation

* Or Relation Template was not depicted in the works of
Leveson, Cha, and Shimeall.
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Or Else Relation Template

* Or Else Relation Template was not depxcted in the works of
Leveson, Cha, and Shimeall,
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Relation Template

nanl Oparators
(™ /o, <, 3y <2, 33)

* Relation Template was not depicted in the works of
Leveson, Cha, and Shimeall,
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* Index Component Template was not depicted in the works of
Leveson, Cha, and Shimeall.
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Range Template

* Range Template was not depicted in the works of Leveson,
Cha, and Shimeall,
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APPENDIX D: AUTOMATED CODE TRANSLATION TOOL
OUTPUT FOR PROCEDURE FAKE_OVEN_CONTROL

A. LITERAL TREE REPRESENTATION

LITERAL TREE OUTPUT

Parent
Parent Node GATE Fault for Nods

vesse ceps cana

=> 0 Null Sequence of statements caused fault
0= 1 Or Laststatementcaused fault
0 => 2 Or Previous statements caused fanlt

1 => 3 Null Loop Statement caused fault
2= And Last Statement did not mask fault
2w And Seguence prior to last caused fault
i= Or Loop never executed

3
4
5
6
7 Or Loop condition evaluation cansed fauk
3 => 8§ Or Nthlteration cavsed fanlt
9 O¢ Wrong Type of loop used
10 Or Jueration scheme cansed fault
11 And Sequence of statements caused fault
12 And Condition true pastn-!
10 => 13 Or Parameser specification caused fault
11 => 14 Null Sequence of siatements cansed fault
12 w3 15 And Condition truo at n-1 jeeation
12 => 16 And Sequence of statements ke condition true
13 «> 17 O¢ Identifier specified caused fault
13 w> 18 O¢  Discrest range caussd fault
14w~ 19 Or  Lasi stalement caused fauk
$4 => 20 Or Frevious statemesnts caysed fault
- 16 «> 21 Null Sequence of sialements caused fault
17 «= 22 Null SAMPLE
18w 73 Nall Rego specified cansed fault
19 w24 Null Loop Sumement caused fault
20 w> 25 And Lust Statement did not mask fauls
2 > I8 And Sequencs peior 10 Iast caused fsult

21 w> 57 Or Lastrtalemest cansod fault

21 = 28 Oc Frovious sisetienss cansad fanlt

e 908 1

23 w> 30 Or SAMPLING DURATION

A e> 31 Or fooontveioxscuted

24w RO memume‘mmwmm
33 Oc M lucsation caused fanht -

4 =
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26 =
27 =

28 =
32 =
2=
33 =
33 =

AU =
5=
35 =
5=
37 =
39 =
41 =>
41 =
42 =>
43 =>
43 =>
45 =>
45 =>
46 =>
46 =>
47 =
47 =>
48 =
48 =>
51 =
51 =>
51 =>
55 =>
57 =
57 =>
58 =
59 =>
59 =>
60 =>
61 =
62 =
63 =
63 =>
64 =>
64 =>
65 =>
65 =
68 =>
68 =
68 =>
72 =
72 =

34 Null Sequence of statements caused fault
35 Null Loop Statement caused fault

36 And Last Statement did not mask fault
37 And Sequence prior to last caused fault
38 Or Wrong Type of loop nsed

39 Or IXteration scheme caused fault

40 And Sequence of statements caused fault
41 And Condition true past n-1

42 Or Last statement caused fault

43 Or Previous statements caused fanlt

44 Or Loop never executed
45 Or Loop condition evaluation caused fault
46 Or Nth Iteration cansed fanlt

47 Null Sequence of statements cansed fault

48 Or Parameter specification caused fauit

49 And Condition true at n-1 iteration

50 And Sequence of statements kept condition true
51 Null If statement caused fault

52 And Last Statement did not mask fault

53 And Sequence prior to last caused fault

54 Or Wrong Type of loop used

55 Or Iteration scheme caused fault

56 And Sequence of statements caused fault

57 And Condition true past n-1

58 Or Last statement caused fault

59 Oc Previous siatements caused fault

60 Or Identifier specified caused fault

61 Or Discreet range caused fault

62 Or Evaluation of condition caused fault

63 Or Condition true and statements caused fault
64 Or ELSIF caused the fault

65 Or Parameter specification caused fault

66 And Condition true at n-1 iteration

67 And Sequence of statements kept condition true
68 Null If statement caused fault

69 And Last Statement did not mask fault

70 And Sequence prior to last caused fault

71 Null I

72 Null Range specified caused fault

73 Null Relation caused the fault

74 And If condition true

75 And If statements caused fault

76 And Previous conditions evaluated to falss

77 And Current/future ELSIF caused the fault

78 Or Identifier specified caused fault

79 Or Discreet range caused fault

80 Or Evaluation of condition caused fault

81 Or Condition true and statements caused fault
82 Or ELSIF caused the fault

830r 1

84 Or SAMPLING_DURATION
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73 =
75 =
7 =>
77 =
77 =>
78 =>
79 =
80 =
81 =>
81 =>
22 =>
82 =
85 =>
85 =>
86 =>
86 =>
87 =>
88 =>
88 =>
89 =>
91 =»
91 =
92 =>
94 =>
96 =>
96 =>
96 =>
97 =»
98
99 =>
100 =>
100 =>
101 =>
103 =>»
104 =>
104 v>
107 =>
107 e
108 =»
108 w>
108 w>
110 =>
110 =
111 w»
112 =>»
112 =m>
113 =>
13 =
114 »>
114 =>
114 >

85 Null And Relation caused the fanit

86 Null Sequence of statements caused fault

87 Or Evalustion of Elsif condition caused fault
88 C:  Current ELSIF caused the fault

89 Or Other ELSIF's caused the fault

90 Null 1

91 Mull Range specified caused fault

92 Null Relation caused the fanit

93 And If condition true

94 And If statements caused fault

95 And Previous conditions evaluated to false

96 And Current/future ELSIF caused the fault

97 Or Lefi or Prior relation caused fauit

98 Or Right relation caused favlt

99 Or Last statement caused fault

100 Or Previous statements cavsed fault

101 Null Relation caused the fault

102 And Current ELSIF condition caused the fault
103 And Current ELSIF sequence of statements caused the fault
104 Null ELSIF caused the fault

105 Or 1 :

106 Or SAMPLING_DURATION

107 Null And Relation caused the fault

108 Null Sequence of statements caused fault

109 Or Evaluation of Elsif condition caused fault
110 Or Current ELSIF caused the fault

111 Or Other ELSIF's cansed the fault

112 Null Relation caused i fault
113 Null Relaton caused the fault

114 Null Assignment Statement Fault

115 And Last Statement did not mask fanht

116 And Sequence prior to last caused fault

117 Null Relation caused the fault

118 Null Sequence of statements caused: fault

119 And Previous conditions evaluated to false
120 And Current/future ELSIF caused the fault
121 Or Left or Priar relation causad fault

122 Or Right selation caused fault

123 Gr Last statement crused fault

124 Or Provious ststemenis caused fault

125 Null Relaticn caused the fault

126 And Currest ELSIF condition causad the iault
127 And Current ELSIF sequence of statements caused the faukk
128 Null ELSIF caused the fault

129 Or OVEN_TEMP

130 Or Adcition/Subtraction Fault

131 Oi LAST.CMD

1320r 1

133 Gr Change in values caused Fault

134 Or Exception causes Fault - Not implemented
135 Or Operand Bvaivation causes Faul
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116 =>
117 =
117 =>
118 =>
118 =>
120 =>
120 =>
120 =>
121 =>
122 =
123 ==
124 =>
124 =
125 =
127 =>
128 =>
128 =>
130 =>
130 =>
130 =
135 =>»
135 =>
136 =
136 =>
138 =
138 =
138 =
139 =
140 =>
140 =>
141 =>
142 >
142 w>
143 =
144 =>
14 =
148 =>
145 >
146 =>»
146 w>
146 =>
148 w>
149 =>
149 =>
150 =>
150 =
152 =>
152 =>
152 w>
157 =>
158 =>

136 Null Sequence of statements cansed fault
137 Or OVEN_TEMP

138 Or Addition/Subtraction Fault

139 Or Last statement caused fault

140 Or Previous statements caused fault

141 Or Evaluation of Elsif condition cansed fault
142 Or Current ELSIF caused the failt

143 Or Other ELSIF's caused the fault

144 Null Relation caused the fault

145 Null Relation caused the fault

146 Null Assignment Statement Fault

147 And Last Statenent did not mask fault
148 And Sequence prior to last caused fault
149 Null Relation caused the fault

150 Null Sequence of statements caused fault
151 And Previous conditions evaluated to false
152 And Current/future ELSIF caused the fault
153 Or GOAL_TEMP

154 Or Subtraction Fault

155 0r 10

156 O LAST_CMD

157 Or Relation caused the fault

158 Or Last statement caused fault

159 Or ¥revious statements caused fault

160 Or GOAL_TEMP

161 Or Additon Fault

162 Or 10

163 Null Raise Statement Caused Fault

164 And Last Statemnent did not mask fanlt
165 And Sequence prior to last caused fault
166 Null Relation caused the fault

167 And Cirent BLSIF condition caused the fault
168 And Current ELSIF sequonce of statsments caused the fault
169 Null BLSIF caused the fault

170 O¢  QVEN_TEMP

17 Or  Additon/Subtraction Fault

172 Or  LAST.CMD

173 0r 1 :

174 O¢ Change in values caused Fault

175 Or Exception causes Faulf - Not implementzd
176 Or Operand Evaluation causes Fault

177 Null Sequence of staiements cansed fault
178 Or OVEN_TEMP

179 Or Addition/Subtraction Fault

180 Or  Last statement caused fault

181 Or Previous statements causad fault

182 Or Evaluation of Elsif condition caused fault
183 Or Current ELSIE caused the fault

184 Or Other ELSIFS caused the fault

185 Null 1

1856 Null Assigrunent Statement Faolt
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159 => 187 And Last Statement did not mask fauit
159 => 188 And Sequence prior to last caused fault
163 => 189 Or Wrong Exception Raised Caused Fault
163 => 190 Cr Exception Handler Caused Fault

166 => 191 Null And Relation caused the fault

168 => 192 Null Sequence of statements caused fault
169 => 193 And Previuus conditions evaluated to false
169 => 194 And Current/future ELSIF caused the fault
171 => 195 Or GOAL_SEMP

171 => 196 Or Subtraction Fault

171 = 197 Cr 10

176 => 198 Or LAST CMD

176 => 199 Or Relation cauc:d the fault

177 => 200 Or Last statement caused fault
177 = 201 Or Previous statements caused fanlt
179 => 202 Or GOAL_TEMP
179 => 203 Or Addition Faul!
179 => 264 Or 10

180 => 205 Null Raise Statement Caused Fault

181 => 206 And Last Statement did not mask fault

181 => 207 And Sequence prior to last caused fault

182 => 208 Null Relation caused the fault

183 => 209 And Current ELSIF condition caused the fault

183 => 210 And Current ELSIF sequence of statements caused the {sult
184 => 211 Null ELSIF caused the fault

186 => 212 Or Change in values caused Fanlt

186 => 213 Or Exception causes Fault -- Noi implemented

186 => 214 Or Operand Evaluation cayses Fault

190 => 215 Null OVEN_NOT_RESPONDING

191 => 216 Or Left or Prior relation caused fault
191 => 217 Q¢ -Right relation caused fault

192 w> 218 Or Last statement caused fault

192 w> 219 Or Previous statements caused fault

194 => 220 Or Bvaluation of Elsif condition caused fault

194 w> 221 Or Cumrent ELSIF caused the faslt

194 w> 222 Or Other ELSIFs caused the fault

199 => 223 Null 1

200 => 224 Null Assignment Statement Fault

201 > 225 And Last Statement did not mask fault

201 => 226 And Sequence priov to last caused fault

205 »> 227 Or Wrong Exception Raised Caused Fauls

205 => 228 Or Exception Handler Caused Fault

208 w> 229 Null And Relation caused the fault

210 «> 230 Null Sequence of simements caused fanlt

211 > 231 And Previous conditions evaluated to false

211 => 232 And Current/future ELSIF caused the fault

214 => 233 Or OVEN _BUF

214 > 234 Or Relation caused the fault

216 »> 235 Null Relation caused the fault

217 => 236 Null Reluion caised the faulks

218 => 237 Null Assignment Statement Fault
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219 => 238 And Last Statement did not mask faulk

219 => 239 And Sequence prior to last caused fault

220 => 240 Null Relation caused the fault

221 => 241 And Current ELSIF condition caused the fault
221 => 242 And Current ELSIF sequence of statements caused the fault
24 => 243 Or Change in values caused Fault

224 => 244 Or Exception causes Fault -- Not implemented
224 => 245 Or Operand Evaluation causes Fanlt

228 = 246 Null OVEN_NOT_RESPONDING

229 => 247 Or Left or Prior relation caused fault

229 => 248 Or Right relation caused fault

230 => 249 Or Last statement caused fault

230 => 250 Or Previous statements caused fault

232 =>» 251 Or Evaluation of Elsif condition caused fault
232 => 252 Or Current ELSIF caused the fault

232 => 253 Or Other ELSIF's caused the fanlt

234 »> 254 Null 1

235 => 255 Or GVEN_TEMP

235 => 256 Or Addition/Subtraction Fault

236 => 257 Or LAST CMD

236 => 258 Or 2

237 => 259 Gr Change in values caused Fault

237 => 260 Or Exception causes Fault -- Not implemented
237 = 261 Or Ogperand Evaluation causes Fault

239 => 262 Null Sequence of statements caused fanlt

240 => 263 Null Relation cansed the fault

242 => 264 Null Sequence of statements caysed fault

245 => 265 Or OVEN_BUF

245 => 266 Or Relation caused the fault

247 w> 267 7 . 4 Roustion caused the St

248 a> 268 Null Relation caused the fault

249 => 269 Null Assignment Statement Fault

250 => 210 And Last Statement did not mask faglt
250 = 271 And Sequence prior to last caused fault

281 => 272 Null Relation caused the fault

252 w> 273 And Cument ELSIE condition caused the fault
252 => 274 And Cureent ELSIF sequence of statsmonts caused the fanlt
25 =» 275 Or GOAL_TEMP

256 »> 276 Or Additon Fault

256 »> 217 O 10

261 »> 278 Or LAST_CMD

261 => 279 Or Relation caused the fault

262 »> 280 Or Last statement caused fault

262 «> 281 Or Previous statements caused fault

263 => 282 Or OVEN_TEMP

263 => 283 Or Addition/Subtraction Fault

264 => 284 Or Laststatement caused fault

264 »> 285 O Previous statements caused fanlt

256 w> 286 Nall 1

257 => 287 Or OVEN_TEMP

267 w> 288 Or Addition/Subtraction Fault
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268 =>
268 =>
269 =>
269 =

269 =>
271 =>
272 =>
274 =>
279 =>
280 =
281 =>
281 =>
283 =>
283 =>
283 =>
284 =>
285 =>
285 =>
288 =>
288 =>
288 =>
293 =
293 =>
294 =>
294 =>
295 =>
295 up
296 w>
296 w>
298 w>»
298 =>
298 =>

M =>
311 -
312 =
33 e
313 >
315 =»>
315 =
3NS5 =
316 o>
317 =
N7 =
320 =>
30 =
3N =
IU o
N =
kyZ
330 =

289 Or LAST_CMD

290 Or 2

291 Or Change in values caused Fanlt

292 Or Exception causes Fault — Not isuplemcated
293 Or Operand Evaluation cav.es Fault
294 Null Sequence of statements caused fault
295 Null Relation caused the fav't

296 Null Sequence of statements caused fault
297 Null 2

298 Null Assignment Statement Fault

299 And Last Statemen; did not mask fault
300 And Sequence pric to last caused fauit
301 Or GOAL_TEMP

302 Or Subtraction Faait

303 Or 10

304 Null Raise Stateme:t Caused Fault

305 And Last Statement did not mask fault
306 And Sequence prior to last caused fault
307 Or GOAL_TEMP

308 Or Addition Fault

309 Or 10

310 Or LAST_CMD

311 Or Relation caused the fault

312 Or Last statement caused fault

313 Or Previous statements caused fault
314 Or QVEN_TEMP

315 Or Addition/Subtraction Fault

316 Or Last statement caused fault

317 Or Provious statements caused fault
318 Or Changs in valucs caused Fault

319 Or Exception causes Fault - Not implemented
320 Or Operand Bvaluation causes Fault
321 Or Wrong Exception Raisad Caused Fault
322 Oc Exception Handier Caused Fault
323 Null 2

324 Null Assignment Statement Fault

325 And Last Statement did not mask fault
326 And Sequence priov to last caused fault
327 Or GOAL_TEMP

328 O¢ Subtraction Fault

329 Or 10

330 Null Raise Statement Caused Falt

331 And Last Starement did not mask fanlt
332 And Sequence peior to last caused fault
333 Or OVEN_BUF

334 Or Relation caused the fault

335 Null OVEN_NOT_RESPONDING

336 Or Change in values caused Fault

337 Or Exception causes Fault -- Not implemented
338 Or Operand Bvaluation causes Fault
339 Or Wroug Exception Raized Caused Fault
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330 => 340 Or Exception Handler Caused Fanlt
334 => 341 Null 2

338 => 342 Or OVEN_BUF

338 => 343 Or Relation caused the fauit

340 => 344 Null OVEN_NOT_RESPONDING
343 => 345 Null 2

4
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B. FTE NODE LISTING

FTE FILE OUTPUT

Node

——

BEREREEEES5GEnEESvmNcnsun~o

Fault for Node

Sequence of statements caused fault
Last statement caused fault
Previous statements cx1sed fanlt
Loop Statement caused fault
Last Statement did not mask fault
Sequence prior to last caused fault
Loop never executed
Loop condition evaluation caused fault
Nth Iteration caused fault
Wrong Type of loop used

Iteration scheme caused fault
Sequence of statements caused fanit
Condition true past n-1

Parameter specification caused fault
Sequence of statements caused fanlt
Condition true at n-1 iteration
Sequence of statements kept condition true
Identifier specified caused fauit
Discreet range caused fault

Last statement caused fault
Provious statements caused fault
Sequence of statements caused fault
SAMPLE

Rangs specified caused fault

Loop Statement coused fauls

Last Statement did not mask fault
Sequence prior to fast caused fanlt
Last statement caused fault
Previous statements caused fanlt

i

SAMPLING_DURATION

Loop never executed

Loop condition evaluation caused fault
Nth Iteration caused fault

Sequence of statements cansed fault
Loop Statement cavsad fault

Last Statement did not mask fault
Sequence prior to last caused fault
Wrong Type of Soop used

Iteration scheme caused fault
Sequence of statemesnts caused fault
Condition true past -1
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Last statement caused fault

Previous statements cansed fault

Loop never executed

Loop condition evaluation caused fanlt
Nih Iteration caused fanlt

Sequence of statements caused fault
Parameter specification caused fanlt
Condition true at n-1 iteration

Sequence of statements kept condition true
If statement caused fault

Last Statement did not mask fault
Sequence prior to last caused fault

Wrong Type of loop used

Iteration scheme caused fault

Sequence of statements caused fault
Condition true past n-1

Last statement caused fault

Previous statements caused fault
Identifier specified caused fault

Discreet range caused fault

Bvaluation of condition caused fault
Condition true and statements caused fault
ELSIP caused the fauh

Parameser specification caused fault
Condition trye at n-1 iteration

Sequence of statements kept condition true
If staternent caused fanlt

Last Statement did not mask fautt
Sequence prior to last caused fauk

1

Range spesified caused fault

Relation caused the fanlt

If condition true

If statesnents causad faalht

Provious conditions evaluated to false
Currentffuture BLSIF caused the fault
ldentificr specified caused fsult
Discroet range caused fault

- Bvaluation of condition caused fault

Condition true and stetements caused fault
ELSIF caused the fauit
1

SAMPLING_DURATION

And Relation caused the fapht
Sequence of staternents caused falt
Evaluasion of Rlsif condition caused fault
Curtent BLSIF caused the fatlt

Other ELSIFs caused the fault

1

Range specified cansed fanlt
Relation caused the fault
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93
94
95

97
98

100
101
102
103
104
105
106
107
108
109
110
111
112
113
14
115
116
117
118
119
120
121

123
124
125
126
127

120
130
131
132
133

135
136
13
138
139
140
141
142
143

If condition true
If statements caused fault
Previous conditions evaluated to false
Current/future ELSIF cavsed the fault
Left or Prior relation caused fault
Right relation caused fault
Last statement cansed fault
Previous statements caused fault
Relation caused the fault
Current ELSIF condition caused the fanlt
Current ELSIF sequence of statements caused the fault
ELSIF caused the fault
1
SAMPLING_DURATION
And Relation caused the fault
Sequence of statements caused fauit
Evaluation of Blsif condition caused fanlt
Current ELSIF caused the fault
Other BLSIF's caused the fault
Relation cansed the fault
Relaticn caused the fault
Assignment Statement Fank
Last Statement did not mask faul
Sequence prior to last caused fault
Relation caused the fault
Sequence of statements caused fault
Provicus conditions evaluatzed to false
Current/futuwrs ELSIF caused the fault
Left or Prior relation caused fault
Right relation caused faukt
Last statement causad fault
Previous saiements caused fault
Relation caused the fault
Curvent ELSIF conditon caused the fanlt
Curent ELSIF sequence of statements caused the fault
ELSIF causad the fault
OVEN_TEMP
Addition/Subtraction Faull
_AST_CMD
1
Change in values caused Fault
Excepiion causes Fault - Not implemiented
Operand Evaluation causes Fauit -
Sequence of statzments caused fault
OVEN_TEMP
Addition/Subtraction Fault
Lasi stateruent caused fault
Previous stalements caused fault
Evaluation of Elsif condition cansed fault
Current ELSIF eagsed the fault
Cither BLSIF's caused the fauk
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144
145

147
148
149
150
151
152
153
154
135

157
139

163

Relation caused the fault

Relation caused the fault

Assignment Statement Fanlt

Last Statement did not mask fault
Sequence prioe to tast caused fault
Relation caused the fault

Sequence of statsments caused fault
Previous conditions evaluated to false
Current/future ELSIF caused the fault
GOAL_TEMP

Subiraction Fault

10

LAST_CMD

Relation caused the fault

Last statement caused fault

Previous statements cansed fanlt
GOAL_TEMP

Addition Pault

10

Raise Statement Caused Fault

Lass Statement did not mask fauit
Sequence prior to last cansed fault
Relation caused the fault

Cument ELSIF condition caused the fault
Curent ELSIF sequence of stascments caused the fault
ELSIF caused the faolt
OVEN_TEMP

Addition/Subtraction Fault
LAST_CMD

1

Change in values caused Fault
Exception causes Fault - Not implemented
Operand Evalusion causes Fault
Sequence of staements caused fault
OVEN_TiMpP

Addition/Suberation Fault

Last stslement caused fault

Previous statements caised fauli
Evaluation of Elsif condition caused fault
Current ELSIF caused Uie fault

Othes ELSIF's caused the fault

1

Assighment Statement Fault

Last Statement 41 not mask fsalt
Sequence pvior to laat caised fault
Wrong Exception Raised Caused Fauit -
And Relation caused the fault
Sequence of statements caused faull
Previous conditions evaluated to false
Cusreat/future ELSIF caused the fault
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195
196
197
198
19

201
203
205
207

210
21
212
213
214
215
216
217
218
219

21
23

225
m
21

229
230
23
232
233
X
235

237
239
41
242

A5

GOAL_TEMP

Subtraction Fault

10

LAST_CMD

Relation caused the fault

Last statement caused fanlt

Previous statements cansed fault
GOAL_TEMP

Addition Fault

10

Raise Statement Caused Fault

Last Statement did not mask fault
Sequence prior to Iast caused fault
Relation caused the fault

Cusrent ELSIF condition caused the fault
Current ELSIF sequence of statements caused the fault
ELSIF caused the fault

Change in values caused Fault

Exception causes Fault -- Not implemented
Operand Evaluation causes Fauit
OVEN_NOT_RESPONDING

Left or Prior relation cansed fankt

Right selation caused fault

Last statement caused fault

Previous statements cansed fault
Evaluation of Elsif condition cansed fault
Cusrrent BELSIF cansed the fault

Other ELSEFs caused the fault

1

Assigameni Statement Fault

Last Statement did not mask fasit

Sequence prior to last caused fault

Wrong Exception Ralsed Caused Faplt
Excepiion Handler Caused Fault
And Relsdon cansed the fault

Seiuence of statements caused fault

Previous conditions evaluated to false
Current/future ELSIF caused the fault
OVEN_BUF :
Relation caused the fanit

Relation caused the fault

Assigrunent Statement Fault

Last Staement did not mask fault
Sequence price (o last caused fault
Relation caused the fault

Current ELSIF condition caused the faalt
Current ELSTF sequence of statements caused the fauli
Change in values caused Fault :
Exception causes Fault - Not implesented
Operand Evaluation causes Fault
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247
A48
249
250
251
252
253

253
256
257
258
259

261
263
265
267
269
270
m
212
213
24
275
216

218
M

28%
282

285
286
287
259
31
203

195

OVEN_NOT_RESFONDING

1eft or Prior relation czused faplt

Right 1elation caused fault

Last statement caused fauit

Previous statements canead fanlt
Evaluation of Elsif condition caussd faul;
Cugrent GLSIF cansed the fault

Other BELSIF's caused the fault

1

OVEN_TEMP

Addition/Subtraction Fauli

LAST CMD

2

Change in valuzs cauved Fault

Exception causes Fault — Not implemented
Operand Bvaliailon causes Fault :
Sequence of siofements caused fault
Relation caugsed ths fault

Sequence of stajements caused fanit
OVEN_BUF

Relation cansed the fault

Relation caused the fanlt

Relation cansed the fauh

Assignment Stateinent 1 silt

Lasy Statement did aok ivusk faelt

St row prior to last caused fault
Relativn cagsed the fault :
Current ELSIF condigen caused the Sault
Curpent BLIIF sequance of staternents caused the fysit
GOAL _TEMP

10

LAST CMD

Relation caysed the falt

Last staement cansed fanlt

Previous statemetts exuead ot
OVEN_TEMP

Addition/SuMraction Fauh

Last statement caused fsult

Provicus stalements cansed fauglt

i

OVEN_TEMP ‘
LAST_CMD

2

Change in vakuzs causid Fash
Bxceplicn cauzas Paodi o« New Smlescated
Opennd Bvatuation couses Fealt
Sequence of statsnents caused fault
Relation catsad the faukt
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2
Assignmsnt Statemergt Panlt

~ Last Statement did not mask faalt
Sequenca pidor to fast cansed fault

GOAL_TEMP

Subtraction Fault

10

Raise Statement Caused Fault

Last Statement did not mask fault
Sequence prior to last caised fanlt
GOAL_TEMP

Addition Fault

10

LAST_CMD

Relation caused the fault

Last statemnent ceused fault

Provius statements caused fault
OVEN_TEMP

Addition/Subtraction Fault

Last statement caused fault

Previous siatements caused faul
Change in values cansed Fault
Excapiion couses Paulki - Not implementad
Opesand Bvaluation causes Faalt -
Wrong Exception Ralsed Caused Fault
Exception Handley Caused Fault

2

Assigement Siamment Fank

Las Swstement did ntd mask sl
Sequence pror o lag caused faukt
GOAL_TEMP

Subiraction Fault

10

Raiss Siatement Caused Fault

Last Statament did not mask fault
Sequence prior 1o Last caused fult
OVEN _BUF

Relation caused the fault
OVEN_NOT_RESPONDING
Change in values caused Fault
Exception cuises Fault - Not iniplementad
Operand Evaluation causes Fault
Wrong Exception Raised Crused Fault
:’.xeepdon Handler Caused Pt
OVEN_BUF

Relation caused the fault
OVEN_NOT_RESPONDING

2

170




C. PROCEDURE, FUNCTION, AND EXCEPTION LISTING

The number of procedures/functions on the tableare 1

The procedures/functions and their root faults on the table
are the following:

FAKE_OVEN_CONTROL
Sequence of statements caused fault

Above are the procedures/functions and root faults.
A AR E A aan s ma AR Em el s maname s o e

There are no defined exceptions within the input code.

---- Finished Code Translaiion ----

0 errors found




D. FTE COMPATIBLE FILE, "NEW_FTE"

0
Sequence of statements caused fault
EXAMPLE.A
0000122

1
Last statement caused fault
EXAMPLE.A
00085101

3
Loop Statement caused fault
EXAMPLE.A
060170123

6
Loop never executed
EXAMPLE.A
000255100

7
Loop condition evaluation caused fault
EXAMPLE.A
0075255122

9

Wrong Type of loop used
EXAMPLE.A
000340100

10

Iteration scheme caused fault
EXAMPLE.A
0075340121

13
Parameter specification caused fault
EXAMPLE.A
000425122

17

Identifier specified caused fauit
EXAMPLE.A
000510101

22

SAMFLE

EXAMPLE.A
00059510C

18

Discreet range caused fault
EXAMPLE.A
0075510101

23

Range specified caused fault
EXAMPLE.A
0075595122

1




29

1
EXAMPLE.A
000680100

30
SAMPLING_DURATION
EXAMPLE.A
0075680100

8
Nith Iteration caused fauit
EXAMPLE.A
00150255112

11

Sequence of statements caunsed fault
EXAMPLE.A
00150340101

21

Sequence of statements caused fault
EXAMPLE.A
00300510122

27
Last statement caused fault
EXAMPLE.A
00375595101

35
Loop Statement caused fault
EXAMPLE.A
00450680123

44
Loop never executed
EXAMPLE.A
00450765100

45

Loop condition evaluation caused fault
EXAMPLE.A
00525765122

54

Wrong Type of loop used
EXAMPLE.A
00450850100

55

Iteration scheme cansed fault
EXAMPLEA
00525850121

65
Parameter specification caused fault
EXAMFLE A
00375935122

18

Identifier specified caused fanlt
EXAMFLE.A

173




005251020101

20

1
EXAMPLE.A
005251105100

79

Discreet range caused fault
EXAMPLE.A
006001020101

91
Range specified caused fault
EXAMPLE.A
006001105122

105

1
EXAMPLE.A
006001190100

106
SAMPLING_DURATION
EXAMPLE.A
006751190100

46
Nth Iteration caused fault
EXAMPLE.A
00600765112

56

Sequence of statements caused fault

EXAMPLE.A
00600850101

57
Condition truc past n-1
EXAMPLE.A
00675850112

66
Condition true at n-1 iteration
EXAMPLE.A
00450935100

67

Sequence of statements kept condition true

EXAMPLE.A

00525935101

28

Previous statements caused fault
EXAMPLE.A

00450595112

36

Last Statement did not mask fault
EXAMPLE.A

00525680100

37

Sequence prior ¢0 last caused fault

174




EXAMPLE.A
00600680101

47
Sequence of statements caused fault
EXAMPLE.A
00675765122

58
Last staternent cansed fault
EXAMPLE.A
00750850101

68
If statement caused fanlt
EXAMPLE.A
00600935123

80
Evaluation of condition caused fault
EXAMPLE.A
006751020100

92
Relation caused the fault
EXAMPLE.A
006751105101

107
And Relation caused the fault
EXAMPLE.A
007501190122

121
Left or Prior relation caused fault
EXAMPLE.A
006751275101

144
Relation caused the fault
EXAMPLE.A
0011251360122

170
OVEN_TEMP
EXAMPLE.A
0012751445100

171

Addition/Subtraction Fault
EXAMPLE.A
0013501445123

195
GOAL_TEMP
EXAMPLE.A
007501530100

196

Subtraction Fault
EXAMPLE.A
008251530100

197

175




10

EXAMPLE A
009001530100

122

Right relation caused fault
EXAMPLE A
007501275101

145

Relation caused the fanlt
EXAMPLE A
0012001360122

172
LAST CMD
EXAMPLE A
0014251445100

173

1
EXAMPLE.A
0015001445100

81

Condition true and statements caused fanlt
EXAMPLE.A
007501020112

23

If condition true
EXAMPLE.A
007501105100

94

If statements causad fault
ZXAMPLE.A
008251105100

108

Sequence of statoments caused fault
EXAMPLE.A
008251190122

123
Last statement caused fault
EXAMPLE.A
008251275101

146

Assignment Statement Fanlt
EXAMPLE A
0012751360423

174
Change in values caused Fault
EXAMPLE.A
0015751445100

178
Exception canses Fault - Not implemeated
EXAMPLE.A
0016501445100

176




176
Operand Evaluation causes Fault
EXAMPLE.A
0017251445122

198

LAST_CMD
EXAMPLE.A
009751530100

199
Relation caused the fault
EXAMPLE.A
0010501530101

223

1
EXAMPLEA
008251615100

124

Previous statements caused fault
EXAMPLE.A
009001275112

147
Last Statement did not mask fault
EXAMPLE A
0013301360100

148

Sequence prior to last caused fault
EXAMPLE.A
0014251360101

177

Sequence of statements caused fault
EXAMPLE.A
0018001445122

200
Last statement caused fault
EXAMPLE.A
0011251530101

224

Assignment Statement Fault
EXAMPLE.A
009001615123

243
Change in values cansed Fault
EXAMPLE.A
007501700100

44
Exception causes Fault - Not implemented
EXAMPLE.A
008251700100

245
Operand Evaluation causes Fault
EXAMPLE.A

m




009001700122

265
OVEN_BUF
EXAMPLE.A
008251785100

265
Relation caused the fault
EXAMPLE.A
009001785101

286

1
EXAMPLE.A
008251870100

201
Previous statements caused fault
EXAMPLE.A
0012001530112

225
Last Statement did not mask fault
EXAMPLEA
009751615100

226

Sequence prior to last caused fault
EXAMPLE A
0010501615100

82
BLSIF caused the faul
BXAMPLE.A
008251020112

95

Previous conditions evaluated to false
EXAMPLE A
009001105100

9

Current/future ELSIF caused the fault
EXAMPLE A
009751105123

109

Rvaluation of Elsif condition caused fault
EXAMPLE.A
009001190100

125

Relation caused the fault
EXAMPLE.A
009751275101

149

Relation cauted the favlt
EXAMPLE. \
0015001360122

178

OVEN_TEMP

178




EXAMPLEA
0018751445100

179
Addition/Subtraction Fault
EXAMPLE.A
0019501445123

202
GOAL_TEMP
EXAMPLE.A
0012751530100

203
Addition Fault
EXAMPLE.A
0013501530100

204

10
EXAMPLE.A
0014251530100

110
Curvent ELSIF causad the fanlt
EXAMPLE.A
009751190112

126
Current ELSIF condition caused the fault
EXAMPLE. A
0010501275100

127
Current ELSIF sequence of statsments caused the fault
EXAMPLE.A
0011251275100

150
Sequence of statemnents caused fault
EXAMPLE.A
0015751360122

180
Last statement caused fauit
EXAMPLE.A
0020251445101

208
Raise Statement Caused Fault
EXAMPLEA
0015001830122

27
Wrong Bxception Raised Caused Fault
EXAMPLE.A
0011251615100

228
Exception Handler Caused Fault
EXAMPLE A
0012001615101

26




OVEN_NOT_RESPONDING
EXAMPLE A
009751700100

181
Previous statements caused fault
EXAMPLE A
0021001445112

206
Last Statement did not mask fanlt
EXAMPLE A
0015751530100

207

Sequence prior to last caysed fault
EXAMPLEA
0016501530100

111
Other ELSIF's caused the fault
EXAMPLE.A
0010501190100

128
ELSIF caused the fault
EXAMPLE A
0012001275112

151
Previous conditions evaluated to falss
EXAMALE.A
0016501360100

152
Current/future ELSIF caused the fault
EXAMPLE.A
0017251360123

182
Evaluation of Blsif condition caused fault
EXAMPLE A
0021751445100

208
Relation caused the faolt
EXAMPLEA
0017251530101

229
And Relation caused the fault
EXAMPLE.A
0012751615122

217
Loft or Prioe relation caused fault
EXAMPLE.A
0010501700101

267
Relation caused the fauit
EXAMPLE.A
009751785122




287
OVEN_TEMP
EXAMPLEA
009001870100

288

Addition/Subtraction Fault
EXAMPLEA
009751870123

307

GOAL_TEMP
EXAMPLE.A
007501955100

308

Addition Fault
EXAMPLEA
008251955100

309

10
EXAMPLE.A
009001955100

248
Right relation caused fault
EXAMPLE A
0011251700101

268

Relation caused tho fanlt
EXAMPLEA
0010501785122

189

LAST_CMD
EXAMPLEA
0010501870100

290

2

EXAMPLE A
0011251870100

183
Current ELSIF cansed the fault
L "AMPLEA
0022501445112

209
Current ELSIF condition caused the fault
EXAMPLE A
0018001530100

210
Current BLSIF sequence of statements caused the fault
EXAMPLE A
0018751830100

230

Sequence of statements caused fanlt
EXAMPLEA

181




0013501615122

249

Last statement caused fanl
EXAMPLE.A
0012001700101

269

Assignment Statement Fault
EXAMPLEA
0011251785123

291

Change in values caused Fault
EXAMPLEA
0012001870100

292

Excepiica causes Fanlt - Not implemented
EXAMPLE.A
0012751870100

293

Operand Evaluation causes Fault
EXAMPLEA
0013561870122

310

LAST.CMD

EXAMPLE A
009751955100

in

Relation caused the fanlt
EXAMPLE.A
0010501955101

323

2

EXAMPLE.A
003752040160

250

EXAMPLE A
0012751700112

270 :

Last Statement did not mask fault
EXAMPLE A
0012001785100

mn

Sequence prior to fast caused Sult
SEXAMPLE A
0012751785101

294

Sequence of statements caused fault
EXAMPLE A
0014251870122

312

182




EXAMPLE.A
0011251955101

324

Assignment Statement Fanit
EXAMPLE.A
004502040123

336
Changs in values caused Fault
EXAMPLE A
002252125100

337

Exception causes Fault —~ Not implemented

EXAMPLE.A
003002125100

338

Operand Evaluation causes Fault
EXAMPLE.A
003752125122

342

OVEN_BUF

EXAMPLE.A
00752210100

343

Relation caused the faulkt
EXAMMLEA
001502210101

345

2

EXAMFLEA

0002295100

313

Previoys statemients cansed fault
EXAMPLEA
0012001958112

328

Last Statement did not mask fault
BEXAMPLEA
005252040100

326
Sequence prior (o Last caused faplt
EXAMPLE A
0062040100

184

Other ELSIF's caused the fault
EXAMPLE A
0023251445100

21

ELSIF caused the fault
EXAMPLE A
0019501530112

231

183




Previous conditions evaluated to false
EXAMPLE.A
$014251615100
232
Current/future ELSIF caused the Jault
EXAMPLE A
0015001615123
28%
Evaluvation of Elsif condition caused fault
EXAMPLE.A
0013501700100
272
Relation caused the faudt
BXAMPLE &
0033561785101
295
Relation caused the fanit
QoI W22
'id
OVEN_TEMP
EEA-‘.'. 1EA
012351053 149

Additton/Subtractioh Pault
EXAMBLEA

QR135019351 33

2%

GOAL_TEMP

EXAMPLE A
006752040100

28

Subraction Fauht
EXAMPLEA
007502040100

319

10

EXAMPLEA
008252040100
Current BLSIP caused the fault
EXAMPLEA
D0i4251700112

273

Cumvent ELSIF condition caused the Gult
EXAMPLE A
0014251785100

24
Cuncent ELSIF sequence of stalements caussd the faukt
EXAMPLE.A
0015001785100

184




296

Sequence of statements caused fault
EXAMPLE A
0015751870122

316

Last statement caused fault
EXAMPLE.A
0014251955101

330

Raise Statement Cansed Fault
EXAMPLE.A
009002040122

339

Wrong Exception Raised Caused Fault
EXAMPLE.A
004502125100

340

Excepticn Handler Canscd Fault
EXAMPLEA :
00525212510 1

344

. ’.fOVEN _NOT. RESPONDII\G |

EXAMPLEA
- 002252210100

- .

Previous statements caused tanlx
EXAMPLE.A
0015001955112

331

Last Sunsment dxdnotmssxfmm
EXAMPLEA -
009752040100

332
Sequence prioe 1 last caused fanht
 BXAMPLEA
0010502040100

253

Other ELSIF's caused the faul
EXAMPLE.A
0015&0!700100

008258501 12

69

Last Statemant did oot mask fault
EXAMPLEA

008675935100

7o
Sequence e to last caused fauli
EXAMMLE A

188




00750935100

12
Condition true past n-1
EXAMPLE.A
00225340112

15
Condition true at n-1 iteration
EXAMPLE.A
00150425100

16
Sequence of statements kept condition true
EXAMPLE.A
00225425101

21
Sequence of statements caused fault
EXAMPLEA
00300510122

27

" - Last siateinent caused fault

EXAMPLE.A
00375595:01

33

Loop Stazment caused fault
EXAMPLEA
00450680123

4

Loop never executed
EXAMILEA

00450765180

45

Loop condition evaluation cansed fault
BEXAMPLE A :
00525765122

54

Wrong Type of loop used
EXAMPLE A

00450850100

5

lteration scheme caused fault
EXAMPLE A

N0S525850121

65

Parsmeter specification caused fanli
EXAMPLEA

00375935122

78

Identifier specified caused fault
EXAMPLE.A

005251020101

90

1

186




EXAMPLE.A
005251165100
79
Discreet range caused fault
EXAMPLE.A
006001020101
91
Range specified caused fault
EXAMPLE.A
006001105122

105
1
EXAMPLE.A
006001190100

106
SAMPLING_DURATION
EXAMPLE.A
006751190100
46
Nth Iteration caused fault
EXAMPLE A
00600765112
56
Sequence of statements caused fault
EXAMPLE.A
00600850101
57
Condition true past n-1
EXAMPLE A
00675850112
66
Condition true at n-1 iseration
EXAMPLE.A
00430935100
67
Sequwcofmm:slwptmndmoam
EXAMPLE.A
00525935101
28 .
Previous statements causad fault
EXAMPLE.A
00450595112

36
Last Statesnent did not mask fault
EXAMPLEA
030 525680100

7
Sequence prior o Last caused fault
EXAMPLEA
00600630101
47

A3




Sequence of statements caused fault
EXAMPLE.A
00675765122

58
Last statement cansed fault
EXAMPLE.A
00750850101

68
If statement caused fault
EXAMPLEA
00600935123

80
Evaluation of condition caused fanit
EXAMPLE.A
006751020100

9
Relation caused the fault
EXAMPLEA
006751105101

107

And Relation caused the fanlt
EXAMPLE.A
007501190122

121
Left or Prior relation caused fault
EXAMPLEA
006751275101

144
Relation caused the fault
EXAMPLE A
0011251360122

170
OVEN_TEMP
EXAMPLEA
0012751445100

m

Addition/Subtraction Fault
EXAMPLE.A
0013501445123

198
GOAL_TEMP
EXAMPLE. A
007501830100

196

Subtraction Fault
EXAMPLE A
008251520100

197

10
EXAMPLE.A ,
009001530100

188




122
Right relation caused fanit
EXAMPLEA
007501275101

145
Relation caused the fault
EXAMPLEA
0012001360122

172
LAST_CMD
EXAMPLE A
0014251445100

11

1
EXAMPLEA
0015001445100

81
Condition true and statements cansed fanlt
EXAMPLE.A
007501020112

93
If condition true
EXAMPLE.A
007501105100

94

1f statements caused fault
EXAMPLEA
008251105100

108

Sequence of statements caused fault
EXAMPLE.A
008251190122

123
Last statement caused fault
EXAMPLE A
008281275101

146

Assignment Statement Fault
EXAMPLE A
0012751360323

174
Change in valuer caused Fault
EXAMPLE A
0015751445100

175
Exception causes Fault ~ Not implesnented
EXAMPLE A
0016501445100

176
Operand Evaluation causes Fault
EXAMPLE A

189




0017251445122

198

LAST_CMD

EXAMPLE.A
009751530100

199

Relation caused the fault
EXAMPLE.A
0010501530101

223

1

EXAMPLE.A
008251615100

124

Previous statements caused fault
EXAMPLE.A
009001275112

147

Last Statement did not mask fault
EXAMPLE.A
0013501360100

148
Sequence prioe to last caused fault
EXAMPLE A
0014251360101

17
Scquence of statements caused fault
BXAMPLEA
0018001445122

200

Last statement caused fault
EXAMFLE.A
0011251530101

224

Assignment Statement Fauli
EXAMPLE.A
009001615123

43

Change in vatues caused Fault
EXAMPLE.A
007501700100

Exception causes Fault — Not implementea -
EXAMPLEA :
008251700100

p/ 3 ,
Operand Evaluation causes Fault
EXAMPLE A
009001700122

2658

OVEN_BUF

190




EXAMPLE.A
008251785100

266
Relation caused the fault
EXAMPLE.A
009001785101

286

1
EXAMPLE.A
008251870100

201
Previous statements caused fault
EXAMPLE.A
0012001530112

225
Last Statement did not mask fanlt
EXAMPLE.A
009751615100

226
Sequence prior to last caused fault
EXAMPLE.A
0010501615100

82
ELSIF caused the fanit
EXAMPLE A
008251020112

95
Previous conditions evaluated to falss
EXAMPLE A
00901105100

96
Curnrent/future ELSIFcauscdﬁmfm!x
BEXAMPLE.A
009751105123

109
Evaluation of Elsif condition caused fault
EXAMPLE.A
Q0%0 1190100

128
Redation caused the fault
EXAMPLE.A
009751275101

149
Relation caused the fault
EXAMPLE A
0015001360122

178
OVEN_TEMP
EXAMPLE A
0018751445100

179

191




Addition/Subtraction Fault
EXAMPLE A
0019501445123

202

GOAL_TEMP
EXAMPLE A
0012751530100

203

Addition Fault
EXAMPLE.A
0013501530100

204

10

EXAMPLE.A
0014251530100

110

Current ELSIF caused the fault
EXAMPLE.A
009751190112

126

Current ELSIF condition caused the fault
EXAMPLE.A
0010501275100

127

Cument ELSIF sequence of statsments caused the fault
EXAMPLE.A
0011251275100

150

Sequence of statements causad fault
EXAMPLE.A :
0015751360122

180 ,
EXAMPLE.A
0020251445101

208

Raise Statement Caused Fault
BEXAMPLE A
0015001530122
i

Wrong Exception Raised Caused Fault
EXAMPLE.A
0011251615100

228

Exception Handler Caused Fault
EXAMPLE.A
001200161510

246
OVEN_NOT_RESPONDING
EXAMPLE.A
009751700100

192




181

Previous staternents caused fanlt
EXAMPLE.A
0021001445112

206

Last Statement did not mask fault
EXAMPLE.A
0015751530100

w1
Sequence prior to last caused fault
EXAMPLEA
0016501530100

i

Other ELSIF's caused the fault
EXAMPLE.A
0010503190100

128

ELSIF caused the fault
EXAMPLEA
0012001275112

151

Previous conditions evaluated to false
EXAMPLEA
016501360100

152
Curventfuture ELSIF caused tha fault
EXAMPLEA
0017251360123

182

Evaluation of ELsif condition caused
EXAMPLE A :
0021751445100

08

Relsiion caused the fault
EXAMPLE A
0017251530101

- And Relation caused the fault
EXAMPLE A
0012751618122

)}

Left o¢ Prior relation caused (vl
EXAMPLE A
0010301700101

009751785122
287

193




009001870100

288
Addition/Subtraction Fault
EXAMPLE A
009751870123

307

GOAL_TEMP
EXAMPLEA
007501955100

308

Addition Fault
EXAMPLE.A
008251955100

309

10
EXAMPLE A
009001955100

248
Right relation caused fauk
EXAMPLEA
0011251700101

268

Relation caused the fault
EXAMPLEA
0010501785122

289

LAST.CMD
EXAMPLEA
0010501870100
290
2 _

EXAMPLEA
0011251870100

183

Current ELSIF caused the fault
EXAMPLE.A
0022501445112

209
Current ELSIF condition caused the fault
EXAMPLE A
0018001530100

pal))

Current ELSIF séquence of statements caused the fault
EXAMPLE A
0018751530100

230

Sequence of statemesits caused fault
EXAMPLE A
0013501615122

249

194




EXAMPLE A
0012001700101

269

Assignment Statement Fault
EXAMPLE A
0011251785123

291

Change in values caused Fault
EXAMPLE.A
0012001870100

292
Exception causes Fault - Not implemented
EXAMPLE A
0012751870100

293
Cperand Evaluation causes Fault
EXAMPLE.A
0013501870122

310
LAST_CMD
EXAMPLE A
009751955100

m

Relation caused the fauk
EXAMPLE A
0010501955101

323

2

BEXAMPLE.A
003752040100

250

Previous statements caused fault

"EXAMPLE A

0012751700132

210

Last Suioment dia not mask (ault
EXAMPLEA
0012001785100

m

Sequence prios (o tast caused “Wt
EXAMPMLE A
0012751785101

yo )

Sequence of staiesnents caused fault
EXAMPLE A ,
0014251870122

mn

EXAMPLE A

0011251955101

AU

195




Assignment Statement Fault
EXAMPLE.A
004502040123
336
Change in values caused Fault
EXAMPLE A
002252125100
337
Exception causes Fault - Not implemented
EXAMPLE.A
003002125100
338
Operand Evaluation causes Fanlt
EXAMPLE.A
003752125122
342
OVEN_BUF
"EXAMPLE A
00752210100
343
- Relation causz4 the fault
EXAMPLEA
001502210101
M5
2
EXAMPLEA
0002295100
n
Previous statemecus caused fauli
EXAMPLE A
0012001985112
325
Last Statement did tot mask fault
EXAMPLE A
0035252040100
328
Sequence prior (0 ast causad fault
EXAMPLE A :
006002040100
164
Other ELSIF's cansed the fault
EXAMPLE A
0023251445100
M1
ELSIP caused the fault
EXAMPLE.A
0019501530112
ri}l
Previous conditions evaluated to false
EXAMPLE A
0014251615100

196




232
Current/future ELSIF caused the fault
EXAMPLE.A
0015001615123
251
Evaluation of Elsif condition caused fault
EXAMPLE.A
0013501700100
272
Relation caused the fault
EXAMPLEA
0013501785101
295
Relation caused the fault
EXAMPLE.A
0015001870122
314
OVEN_TEMP
EXAMPLE.A
0012751955100
315
Addition/Subtraction Fault
EXAMPLE.A
0013501955123
327
GOAL_TEMP
EXAMPLE.A
006752040100
328
Subtraction Fault
EXAMPLE.A
007502040100
329
10
EXAMPLE.A
008252040100
252

“ Cuwvent ELSIF caused the fault
EXAMPLE.A
0014251700112
273
Curment ELSIF condition caused the fault
EXAMPLE.A
0014251785100

24

~ Current ELSIF sequence of statements caused the fault
- EXAMPLEA
© 0015001785100
296
Sequence of statements caused fault
EXAMPLE A

197




0015751870122

316

Last statement caused fault
EXAMPLE A
0014251955101

330

Raise Statement Caused Fault
EXAMPLE A
009002040122

339

Wrong Exception Raised Caused Fault
EXAMPLE.A
004502125100

340

Exception Handler Caused Fault
EXAMPLE.A
005252:25101

344
OVEN_NOT_RESPONDING
EXAMPLE.A
002252210100

317

Previous statements caused fanlt
EXAMPLE A
0015001955112

331

Last Statement did not musk fault
EXAMPLE A
009752040100

332

Sequence prior to last caused fault
EXAMPLE A
0010502040100

253

Other ELSIF's causad the fault
BXAMPLE. A
0015001700100

00825850112

69

Last Statement did not mask (sult
EXAMPLE A

005675935100

70
Sequence prior o Last causad fault
EXAMPLEA

00750935100

2

Previous statements caused fault

198




EXAMPLE A

007585112

4

Last Statemen did not mask fault
EXAMPLE A

0075170100

5
Sequence prior to 1ast caused fault
EXAMPLE A

00150170100

199
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