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i A BSTRACT
\\: ‘

,>The purpose of this thesis is to design and implement
the ipput tramslator for the Coaputer System Design
Environment, which is a coiputer-aided design systen. The
Computer System Design Environment is used to design real
time controllers for a variety of purposes. The input
translator will take an %:t;;: which has been developed in
the prescribed language, » and wvith the aid of a partial
syntax-directed editor, translate it into primitive list
form. This form is used by the remainder of the system to
select the best hardware and software components, as
described in a2 -'set of realization libraries, to build the

proposed ccntroller.
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I. INIRODOCTION AND DACEGROUND

A. CONPUTER-AIDED DESIGN

Computers, as design tsols, are beginning to touch every
facet of our lives. We can turm oa our television sets to
see an advertisement for an automobile with a computer being
used to aerolynamically design the body style of the car.
Architects are using computers to assist in modern drafting
and architectural design tachnigues [Ref. 1). The potential
for automatiny the design of many other products exists and
research in all areas of computer-aided design (CAD) is
continuing at a .prolific rate.

While research in the areas of artificial intelligence
may lead us someday to a computer which can, using natural
language understanding, solve probleas reserved for only
humans tecday, current technology limits us to those probleas
vhere the computer relies on human expert input for a knowl-
edge base. A knowledge base developed by human experts is
used by the computer to derive a design much faster than a
human and reluce the concern over the coaplexity of the
process. The computer can maintain a large data base of
components from which it can pick to satisfy a criteria as
described by the designer. While not really creative, this
systea allows the aixing and matching, automatically, of
cosponents to produce the best combination available. The
advantages to be gained are a decrease in the time it takes
to complete the design process and error free results,
vhile leaving the human designer to concentrate on the
desired specification.
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One of tha wmost important features of such a system is
its accessiltbility. The user interface must be one that
meets the neels of the designer while remaining within the
bounds of current technology. The interface must be user-
friendly to the greatest possible extent. It is this
particular pocrtion cf the problema wiaich has given rise to
the @most debate and brought forth the widest range of
possible solutions. ' 4

B. COHPUTER SYSTEN DESIGN ENVIRONMENT

The Computer System Design Environment (CSDE), under
development 2at the Naval Postgtaduaté School in Monterey
California, is one such computer-aided design system. It is
based on the research contained in LtCol. Alan Ross's
doctoral dissartation [Ref. 2]. Ross's work is an expansion
and realization of the research conducted by M. N. Matelan
{Ref. 3]. The £first CSDE implementation is one in which
real~time controllers (microprocessers) are designed based
on a realization library (knowledge base) of current micro-
processer technology. The systeam creates the problea state-
ment in a syntax-directed editor, translates it into an
intermediate fora, selects a microprocessor realization froa
the library and generates the software and hardwvare compo-
nent descriptions to implement the design. The components
are used to select a processor volume or implementation.
The volume checked to see if the timing constraints, set
forth ty the designer, can be achieved. If so, the monitor
is generated and the output is formatted. The ~monitor
produces the software and ancillary hardvare to realize the
correct stratagy. If the timing coanstraints cannot be met,
a nevw volume aust be chosen and tested. The CSDE gives a
designer the tools to derive the appropriate components that
make up the controller, no aatter what its task is to be.

2 e T L . VU . o . :
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Motivation and discussion of the CSDE are contained 1in
{Refs. 2 , 3}

C. PREVIOUS WORK

The mnodules that make up the Computer System Design
Environment are depicted in figure 1.1. Matelan described a
Control System Desigm Language (CSDL) as the input language
for this system [Ref. 3). Using CSDL with a syntax-directed
editor keeps the input details at a high-level of abstrac-
tion while completely describing the proposed design.

To fulfill the input regquirements of block 1 in figure
1.1, a syntax-directed editor was designed aand partially
implemented as a result of Lt. Barbara Sherlock's thesis at
the Naval Postgraduate School in 1983 [Ref. 4]. Lt.
Sherlock's editor receives a high level input description of
the problem from the designer, formats it and passes it to
the input translator. This form is a combination of
Matelin's CSDL and ADA, the Departaent of Defense sponsored
design languaje. This language, as the basis for input to
and output from the editor, follows the concept that the
problem statament should not reguire the designer to be
proficient in the details of a haigh level programming
language. The translator, as its name suggests, tramnslates
the output froa the editor into an intermediate fora accep-
table to the follow on CSDE processes. Its design and
implementation are the subjects of this thesis. The opti-
mizer and functional mapper(Blocks 3 and 4, Figure 1.1)
exist as Fortran programs in the CSDE. The optimizer
requires an 80 coluan format for its input which is a priami-
tive list or the set of functions taat the controller will
perfora, in an almost assemably-like language format. It is
developed from the contingency and procedures sections of
the design input statenaent. Hardware availability

10
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prescribed this format when the CSDE was originally iaple-
mented by LtCol. Ross. Work is currently in progress to
install both the design input and the realization library in
-f a relational latabase, thereby updating the optimizing and ]
' napping processes [Ref. 5]. But the basis of the input to ¥
Ei ’ these sections of the systea, vhich is the primitive list, ;;j
will remain the sanme. ]

D. SCOPE OF THIS THESIS

The purpose of this thesis is to design and iaplement —
the input tramnslator £for the Computer System Design '
Environment. The translator amust take the problea state-
ment, a desijn for a real time nmicroprocessor controller,
and translate it into a list of primitives and a syabol
table which can then be aapped across a realization library
to determine the most feasible components. Appendix A is an

-

[

example of a problem statement in the Computer System Design
Language deveioped by Matelan. In addition, the tramnslator —
must rroduce a timing table which c¢an be used by the timing ffi
analyser to letermine a feasible monitor to control the -
complete device [Ref. 2]. The timing table is developed ]
using the contingency section of the probleam statemeat which :;j
contains the timing requiremeats for the problem.

The next chapter of this thesis describes the design
considerations for the traanslator and provides the detailed
discussion of its requirements. The following chapters
discuss the implementation and testing of the translator and
the conclusions reached during the work. In addition,
Appendice D includes the code for the translator with appro-
priate documentation.

N AR DR n
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II. IRANSLATOR DESIGH

A. DESIGN BEQUIRBMENTS AND CONSTRAINTS

As previoasly discussed, the ianput tramslator can be
thought of as one of several modules in the CSDE systea. In
the CSDE hierarchy, it lies between the designer and the
optimizer. If we consider, for a moment, the module as a
black box, then we can better describe its function. The
input to the module is a specification, written by the
designer, for a real time controller. While Lt. Sherlock,
in her design of the input editor [Ref. 4], decided to
produce a pseudo-ADA specification language as the output of
the editor, the tramslator being designed by this author
will use the Control System Design Language. If the ADA
ouput wvas to be adapted, this language would have to be
formalized and a grasmar produced that is capable of being
parsed. In addition, the pseudo-ADA provides no real advan-
tage, as the specification must be parsed and the same
output produced ao satter what the language. Therefore,
vith the additional knowledge that the editor is the subject
of a current thesis project which #ill return to the CSDL
output, the decision was made to write the tranmslator for
that CSDL. A partial example of the CSDL description is
contained in £igure 2.1. . '

The output from the translator consists of a primitive
list, a symkol table, and an application timing table. The
primitive 1list is intermediate code which reflects the
requirements of the input while the symbol table contains
all input variables and their attributes. The application
timing table contains the contingencies with their related
tasks and all supplied timing values from the problea defi-
nition. <This table is used during the timing analysis.

13
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CONTINSENCY LIST

WHEN xnaau s 2MS,500S DO ALERT;

EVERY 4K DO ENCODE:

WHEN nAn nnm : 13000s DO SERIALIZE;
PROCEDJRES

.PUNCTION DATA_READY:

BINARY, 1: .

SENSE l‘aﬁ b

IF BUFPFE é"' LlpBUF THEN DATA_READY := 1 END IF;

EXIT DATA_READY;

Pigure 2.1 A Partial EBxasple of CSDL.

The requirements, then, exist for the input language,
CSDL, to be analyzed to determine what method of tranmslation
is to be eaployed. 1In addition, the required output must be
standardized among the system modules so the proper seman-
tics can be developed for the traamslation process. Each of
these issues will be discussed in detail in the following
sectioas. |

B. CSDL- THE INPUT LANGUAGE

A translator accepts a source progran, wrcitten in a
source language, and transforams it ianto an object progranm
[Ref. 6]. A source language designed for use in a computer
aided design system and utilized in CSDE is the Control
Systea Design language (CSDL), the origin of which was
previously discussed. It is composed of an alphabet whose
individual eleaments are called tokens and a graamar which
expresses the rules governing the legal classes of token
strings. The tokens caan be futher subdivided into terainals

14
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and nonterminals. Terminals are the letters of the allowed _ ‘
alphabet wvhile the nonterminals are representations of i

strings in tha language which increase the expressive power. .g;m~
A partial example of the production rules for CSDL is ".5
contained in figure 2.2. The syntax for CSDL, which o
includes the alphabet and grammar, is contained in Appendix s
B. s S
» .
. Co
<WHEN DO> ::= <QUALIFICATION> WHEN <NAME> R
<EPISODE TIMING> 00 <TASK LIST> S
<TASK LIST> ::= <NAME> / <TASK LIST> THEN <NAMED> S
<NAME> ::= *ID* *ID* J <EXPR LIST) Yy / [
*ID* NUMBER¥ : *NUMBER* B
p“;f"“*

Pigare 2.2 An Bxample of CSDL Syatax. e

Different types of translating devices accept different :;~f
languages classifications. To narrow the choice of tranms- ‘
lator designs, it must be determined which classification
fits CSDL. ©Neither Matelan nor Ross, in their early work on
CSDE, includel this description [Refs. 2 , 3]. So, a brief :
reviev of lanjuage classification will assist in this deter- e
mination. Chomsky distinguished four general classes of =
granmars [Ref. 7). Without turning this section into a text
on language theory, these are, £from the most general to the
sost specific: unrestricted, context-sensitive, context-
free, and right-1linear. Context-sensitive and context-free
are subsets of the unrestricted class, while the right-
linear and two other grammars related to the right-linear

15
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grammars, left-linear and regular, are all subsets of the
context-free grammars. These classes allovw us to define
sentence recognizing machines which form the basis for
translators. CSDL falls into the category of context-free
graamars. This is the set which, in its production rules,
has any striny of terminals and nonterminals on the right-
hand side of the production vhile the left-hand side is
restricted to nontermirals only. The classes of right-
linear, left-linear, and regular grammars restrict the order
and appearancas of terminals and nonterminals on each side
of the production rules and CSDL do2s not fall into one of
these categories. Context~sensitive grénmars allow teraminals
as well as one nonterainal on the left-hand side of the
production rules and,wvhile CSDL does fit this category, the
context-sensitive are a super-set of the context-free gram-
mars, so this is not an issue when we try to develop the
machines wvhich can recognize CSDL.

Each of the phrase-structured grammar classes has an
automaton associated with it. The right-linear grammars can
be recognized and accepted by a finite-state automaton which
consists of a finite set of states and a set of transitioms
betwveen pairs of states. Each transition is associated with
some terminal symbol. The context-sensitve grammars are
recognized and accepted by a two-way, linear bounded auto-
maton which is essentially a Turing machine whose tape
cannot grov longer than the input string. And, finally,
context-free graamars are recognized and accepted by a
finite-state automaton controlling a push-down stack, with
rules governing the operations on the stack [Ref. 6].

Matelan states that CSDL was crazated as a context-free
graamar and ianspection of the syantax contained in Appendix B
confiras this [Ref. 3]. In order to recognize strings in
the language and translate them into the presribed
primitive-list format a finite-state automaton with a push-
down stack will be developed.

16
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C. PARSER ALTERNATIVES

It wvas showvn above that CSDL is a context-free grammar
and a push-down automata will be reguired as the recognizer
for strings ia the language. Additional properties of CSDL
must be investigated to further 3efine the problea of
parsing. In a context-free grammar each nonterminal can be
expanded into some terminal strinj independentiy of its
neighbofs; and its expanded string essentially *pushes
aside" its neighbors without ipterfering with their order in
any wvay [Ref. 6]. But ve do impose soame ordering rule for
the selection of the next nonterminal to replace, in a
sentential form for a canonical derivation. The most coaamon
rules are left-most and right-most. In a left-msost deriva-
tion, the left-most nonteraminal in each sentential form is
selected for the next replacement aand in a right-most, the
right-sost noatersinal is selected. HMost coason programaing
languages are easily parsed fros 1l2ft to right, but with
difficulty from right to left. Puthermore, algebraic opera-
tions are usually perforsed from 1left to right, by coanven-
tion, so it is the order that will be considered. A
top-down parse of some sentence, scanning from leit-to-right
through the string, corresponds to a left-most derivation
vhile a bottoa-up parse works from a gJgiven sentence upward
tovard the start symbol, in a left-to-right mwmamner.
[Ref. 6]. )

‘There are some rules governing the use of these two
types of parsars which affect the choice of one for use in
recognizing CSDL. Top-down recognition with a look-ahead of
k syabols is only possible on a subset of the context-free
gramsars called LL(k) gramaars. Although it is not obvious
vhether a graaamar is LL(k), there is one property which is
relevant in this discussion. An LL(k) graamar has no left
recursive nonterminals,i.e., a nonterminal A, such that A =>

17
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Av for some v, a string in the language [Ref. 6]. It can be
quickly determined by examining Production 17 in Appendix B
that CSDL is left-recursive. In fact, it is full of recur-
sion. There are algorithas for removing left-recursion in
graaaars and for a ssall grammsar that would be the chaice.
But CSDL bas 190 productioan rules and reamoving the extensive
recursion would increase the grammar size an unacceptable

amount. So top-~down parsing will be discarded as a possible

parsing sethod.

A bottom-up LR(k) parser is the other major type of
recognizer unler consideration. A grammar is said to be
1R(k) if, for every derivation, the prbduction 4 => x can be
inferred by scanning ux and at most the first k symbols of v
in the following derivation step: uAv = uxv . The major
advantage of this method is that an LR(k) parser can be
constructed for any context-free grammar. This would elimi~-
nate the necessity to reaove the left-recursion from CSDL.

There is one other major advantage in choosing a
bottom-up LR(1) parser automaton. An automatic parser
generator can coastruct, using a coaputer, the language
specific tables that control the operation of the autoamaton.
The LR packags froa lawrence Livermore Laboratory [Refs. 8 ,
9] is such a system which constructs the tables. Having it
available on the Vax 11/780 at the Naval Postgraduate School
rade the decision easy. It,also, has the advantages that
the parsind routine is guaranteed to be correct, the CSDL
granmar can be changed easily when necessary, and the
resulting traanslator becomes simple and efficient. For the
details as to how the package works see References 7 and 8.

18
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D. PARSER STRUCTURR

The structure of the parser will follow the technigue
described by 3.J. Myers ian his book, Composite Structured
Desigp [Ref. 10), and utilized in ths design and implementa-
tion of an ADA psaudo-machine by Captain Alan Garlingtom in
his thesis [Ref. 11]). The hierarchy for such a technique is

PARSE
FIND DO - . DO
REDUCTION REDUCTION TRANSITION
5 ‘7?\\\\\§ 7&
SEMANTIC FIND GET
TRANSITION SYMBOL
IN OUT
1 Current state and token Production ¥
2 Production #, Stkptr New state #, Stkptr
3 Current state and token New state #
4 New state #, Stkptr Stkptr, Current state
Token description
5 Production #, Stkptr = o c-c---a---..
6 Stack(stkptr) state, New state #
Left-hand side (production #)
A Token description

Figure 2.3 Parser Structure.
depicted in figure 2.3. The top module, PARSE, provides

FINDREDUCTION with the current state and current look-ahead
syabol. FINDREDUCTION returns a production number if any

19
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reduction exists. PARSE then calls DOREDUCTION and the
sequence is rapeated. If no reduction exists, PARSE calls
FINDTRANSITION to see if any transitions exist. DOTRANSITION
accomplishes the transition and the routine repeats until a
final state is reached. If o transition exists, an error
is detected and the routine either atteapts to recover or
halts depending on the severity of the error.

The parser maintains two stacks, one to store the next
token and one to store the current state. When DOKEDUCTION
provides SEMANTIC with the production number, the components
of the production have been placed on the stack and SEMANTIC
can take the the proper action. Tais action could include
adding a symbol to the symbol table with its appropriate
parameters, calling an error routine,or nothing. AL ter
coapleting the semantic actions the items on the stack are
reaoved by DOREDUCTION and the proper tokem replaces then.
Various auxiliary procedures and error routines will be
nece=sary to complete the translator. These procedures will
include the input and output routines required to read the
designers input and place the created primitives and symbol
table ia proper format.

The tramslator, thus, will take a CSDL description of
the desired controller, check for errors, parse the inpat,
and produce the primitive 1list , the syabol table, and
application timing table. The implamentation of the trans-
lator is discussed in the following chapter.
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III. IRANSLATOR IMPLEMENTATION

Ad. LANGUAGE JF INPLEMENTATION

The éonpnter Systea Design Enviroament was originally
implemented in Foctran, with the system maintaining its data
base on formatted punch cards for use in a batch environ-
ment. Feasible alternatives exist and have been investi-
gated in subsequent research. CSDE is now installed in the
Vax 11/780 at the Naval Postgraduate School, with interac-
tive coaputing available in a variety of programming
languages. - However, it is still maintained, mainly, in
Fortran. It has been shown to be conceptually feasible to
represent the data base rejuirements of the CSDE by a rela-~
tional model [Ref. S5l Puture intentions are to realize
this concept on a data base nmanagement system such as
Oracle, which is available on the Vax machine. The impor-
tance of this is that foraat, such as column nuabers and
location of 3ata, and interface compatibility lose their
importance and the relations between the data and the repre-
sentations of the relations become major conceras.

An additional property required for the implementation
language is maintainability. CSDL will not be static, as
previously discussed. As hardware technology changes, the
realization library will have to be updated and, accord-
ingly, CSDL #ill have to modified. This will result in an
update to the translator, reflecting, possibly, such changes
as newv primitives. 4 high level familiar prograaming
language will ease the burden of maintenance for future
users. '
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Pascal is a high 1level programming 1language which
supports the above requirements and, therefore, was chosen
over the possible alternati ves. Pascal is familiar to most
projrammers and,in fact, is the "first language" taught to
new Coamputer Science stulents at the Naval Postgraduate

- School. In addition, it is easily understood by programmers

conversant with other block-structured languages.

The modularity available with Pascal's procedures, func-
tions, and high 1level constructs will proviie maintain-
ability. Each major function in the parser will comprise a
Pascal proceiure, saking the main body of the program
siaple. Also, a section to be modified or updated is self-
contained, and can be seperately compiled and debujged
following changes.

Perhaps the most important reason for selecting Pascal
is the expected inmprovements in the CSDE systea data base.
When the libraries are placed in a relational database, and
the designer's input aust be mapped to a library in such a
systea, the data structures coamprising the traaslator's
outputs will reguire change. Pascal data structures are
poverful and adaptable to a relational model, enabling this
major aodification to be completed without difficulty.
Until such time as this occurs, the output will be of the
fora dictated by current system implaamentation. The details
of this will follow.

B TRANSLATOR IWPUT

The input to the translator is the designer's require-.

aents for a controller, writtean in the Coatrol System Design
language, an example of which is contained in Appendix A.
At tbis writing, a partial syntax-directed editor is under
developaent which will create, based on the designer's
ideas, the input in syntactically correct fornm. No
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conceptual basis for the storage or file format of the input
has been previously discussed, so several assumptions were
made tc enable production of the translator. Since the
progras is to be written in Pascal and reside as a meaber of
the larger systea, the CSDE, a simple file coantaining the
CSDL protlem lescription, which is read by the tranmslator,
vill be utilized as the method of input. The file will be a
text file with the only formatting restrictions being those
inposed by the syntax of CSDL, the language being parsed.
While this method of input will, currently, require some
hands on system Bmanipulation during run tinme, it is envi-
sioned that 1 systea macro can easily be developed at a
later date to automate the process.

It is intended that the input be provided to the traams-
lator in syntactically correct fora. However, as mentioned
above, the means for this is not yet implemented. As
exanrle problem statements and test cases have been gener-
ated to exercise the tramslator, a requirement has developed
for syntax error detection. This requireaent can be elimi-
nated and tha ensuing code removed upon completion of the
editor.

C. PRINCIPAL PROCEDURES AND DATA STRUCTURES

The parser was suamarized at a high level of abstraction
in Chapter 2 of this thesis. This section will point out
the important procedures and data structures employed by the
translator. The supporting functions wvhich coaplete the
translator are described as they appear in the program in
Appendix D.

The tables produced by the automatic parser generator,
which control the operatiom of the parser, are placed in
arrays. The array sizes were set in program constants and
would be modified if a change to CSDL caused a modification
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to the tables. In addition, the -symbol table, the state and
lookahead stacks, and the temporary and constant lists are
all implementad as arrays of recoris. Each record contaias
such information as the type and precision of the variable
or constant and a pcinter to the next record in the list.
With the continuous manipaulation of these data structures,
such as pops and pushes on the stacks as well as the
requirement for access to each member of each list, it was
determined ¢that this implementation allowed the maximum
degree of flexibility. Also, the siza of each data structure
was described by a program constant, in order to improve
maintenance. A limit mijht change in a situation where a
controller design reguired a large aumber of input and
output signals or internal variables, exceedinj the maxiaum
alloved for a stack.

Pour sections conceptually comprise the tramslator
progranm. The first is the initialization sequence,
comprised of the procedure INITIALIZE and supporting func-
tions. This section sets the initial values for all program
variables and initializes the temporary and constant lists
as vell as the input symbol table to null values. It also
establishes the SYMTABLE, which is a list containiang all
reserved vords in CSDL, each located by a pointer. This
table is used in the program to check each input token to
determine whether it is a reserved word, identifier, or
operator. Alditionally, INITIALIZE includes the procedures
for sending the generated primitive list, symbol table, and
scratch pad t> output files.

The next section is the actual parsing routine,
coaprised of the procedures PARSE, FINDREDUCTION,
DOREDUCTION, FINDTRANSITION, DOTRANSITION, and their
supporting procedures and functions. This sequence of code,
essentially, repeats itself, looking at each input token,
retrieved by GETSYHN, and attempts to move through the
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required production until a final state is reached. The
tokens are placed on the stack and if a reduction can be
performed, control moves to the semantic Fportion of the
prograa. If one capnot be domne, the sequence finds the
transition and continues movement through the production
rule, getting the npext input syambol, with the stack
unchanged. If nd> transitions exist, an error is present in
the input.

When a reduction number, which corresponds to a produc-
tion numter in the CSDL graamar, is found, the progran
sequences to the third aain section which contains the
semantic operations for the program. It includes the proce-
dures SEMANTIZ and SEMANIIC1. These are two large case
statements which, for each production, do the proper stack
operations and send the output information to the procedures
in the initialization section to be <formatted and filed.
The semantic operations are called from within DOREDUCTION,
but really comprise a seperate module within the structure
of the translator.

The last section of the translator is the set of proce-
dures comprising the error handling routines. This includes
procedures PRINTERRORS, RECOVER, ERROR, and PRINTLINERRORS.
The parsing routine attempts to recover, using the procedure
of the same name, from an error while documenting it to the
user. If the parser cannot recover, the program will halt
and print the complete list, in a file, of the errors noted
prior to the crash. This error haadling seguence can be
eliminated from the tranmslator, as previously noted, on
completion of a syntax directed editor, vhich would ensure
error-free -input.
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De TRANSLATOR OUTPUZ
1. pPrjmitive List
The primary output of the translator is the primi-

tive list, a sample of which is contained in figure 3.1.
This list of primitives is similar to a set of macros with

P 1s.generated for:DATAA

4 gr DATAA:

P 3s. ensecond FLGA: 1

p @T01,FL5A,2C01:8,1,8)
P Ss jng 3T01,201:8).

2 5s.as ign ggﬁg&,aco1:1,a)

P Bs.exgtproc DATAL:)

Figure 3.1 A Sample of the Primitive List.

the operands and attributes correspoading to parameters. It
is converted by the Optimizer module, in the CSDE, to the
internal format rejuired by succeeding modules [Ref. 2].

In the initial implementation of CSDE there was no
froant end, i.e., the modules for the designer input and
translation to intermediate form did not exist. Therefore,
the information required in each primitive was hand gener-
ated and formatted by coluan number so it c¢oulld be inputed
in batch fora as a card image file. Because the inforamation
is still reguired in the same format, the output, containing
the primitive 1list and called PRINFILE, vas set up in an
identical manner. Each primitive is one line and spaces
vere added t> emulate the blank coluans on a punch card.
The name of the primitive appears first (software primitives
preceded by s., hardware by h.). This is followed by the
operand list and selection 1list (if any) separated by a
colon [Ref. 16 ].

26




The primitive 1list, also, contains the design
criteria, preceded Dby d., vhich allows - the designer to
specify the order of consideration of the realization
volumes. The generation of many realizations can also be
requested, each of vwhich is presented along with its chip

count and power requirements. The final portion of the
primitive list is the application timing table, with each
line preceded by a beginaing A. This table includes the
timing coastraints and associated regjuirements. Further
details concerning the information present in each colusmn in
the sections of the primitive list are contained in
Reference 2 and, therefore, will not be discussed here.

The primitive names, such as eq and amult, vere
chosen to correspond as closely as possible to the operation
suggested, but the names in the realization volumes must be
identical to the ones emitted by the tramslator for the CSDE
to function. They are easily modified in the semantic
portion of the program if required. However, new ofperations
will dictate a modification to the CSDL grammar with addi-
tional productions and semantic rules.

2. Symbol Table

The concept of a symbol table, for use by succeding
modules in tha CSDE, is a result of tais thesis. With the
format requirad in the primitive 1list, it is difficult for
the modules to look up, during the mapping, the attributes
such as type, precision, value, and technology for
controller variables and coastants. It is thought that if
this information were available in an easily read form, it
would increase the speed of the realization process and
raise the level of system efficiency, The functional mapper
could read the syabol table first, and generate aemory
requirements for the controller prior to addressing the
operations.
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A symbol table can take as many forms as there are
fornats for a file. The data structure used to hold the
information is also arbitrary. At the time of this writing, ™
no decision has been made as to the ideal implementation.
So, the information will be dumped into a file in the same
format as the primitive list and can later be changed. This e
information includes all variables with their initial value o
and precision, all required memory locations, and all _
constants. In addition, the input and output ports with the R
expected signal nanes, technology, and precision are '
included for possible use. The code to format the symbol »
table can either be written in a seprate small routine to be

installed as a system nmodule, or could be added to the
translator. "hichever the case, a decision in this matter
may well come in time for the code to be included 4in the o ..
final version of the tramslator for this thesis, ia which
case it will be reflected in the exaaple symbol table in the
appendices.

3. Scratch Pad

A scratch pad file developed naturally as the trans-
lator was designed and implemented. Used initially for :
output, it significantly aided the debugging and verifying .r*‘
of the r[frocesses. Error routines, mentioned previously,
send error diagnostics to this file. Traces of parser
execution which were developed out of necessity as part of

the debugging process also needed an output medium. Because
of this, the scratch pad became a formal part of the trans- ;Qﬂ:
lator. This file, TRANSLATE, is a text file, with no EJ*g
particular fornat, containing information which can be B
helpful to the user. If an error is detected in the input, _
the diagnostiz, which traces the error, will appear here, fij
with ccmments as to possible corrective action. s
e
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In addition, three toggles have been included which
provide, if desired, 3 types of traces of program execution.
TRACEPARSE will trace the parsing action, providing the
transition and reduction numbers as the parser aoves through
the input. TRACETOK provides the input tokens, one at a
time, as they are read. PRINTTABLE displays tke contrcller
symbol names with their attributes. These toggles are acti-
vated by including ®—#%" folloved by a toggle name at the
head of the inut file. More than one toggle per execution
can be utilized, but the ensuing report becomes difficult to
coaprehend.
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IV. IESTING AND YALIDATION

A. THEORY OF TESTING o

The theory of software testing is a difficult probien
and the subject of extensive research. Preliminary reports
from this research indicate varying effectiveness. Dijkstra
says that debugging can oaly shovw the presence of errors,
but never their absence [Ref. 12]. It is cozaonly agreed
that program testing cannot assure program "correctness"
except under special circumstances. But the debate over
Dijkstra's statement continues because others have developed
theorems which challange his reasoning [Ref. 13].

The most important factor in testing is to have a well-
understood goal for the testing process. In the case of the
input translator, proving correctness was not at issue. The
algorithm for the parser is well proven to be a correct omne
[Bef. 9], so the detection of bugs in the program was the
goal. Methods of testing include top-down versus bottom-up,
static versus dynamic, white box versus black box, and other
less known systematic approaches. In bottom~-up testing, the

idea is to kuild the program with proven (bug free) compo-
nents, while top-down begins with tests of the highest level
using stubs to sinulate the activity of the lower level
modules. Static testing attempts to demonstrate the truth
of an allegation, i.e., it roughly corresponds to bench-
testing a power-driven device without applying power, and
dynamic testing seeks to exercise a program in a controlled
and systematic way. The white box testing approach is,
knowing any part of the sofware system is present for some
specific reason, then relating each piece of a software
system to the requirement it fulfills. Tre black kax merhod
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is an extensive testing approach which atteapts to decon-
strate the presence of function by concentrating oa tke

exterior specifications of the software systenm [Ref. 14]. »

) Just these brief examples illustrate the fact that soft- R
ware testing is not a vwell-defined science. The primary Tfiﬂ
reason for this is that the concern for software reliability R
. . . —ae]
is relatively new. only in the past decade has amy notalle "y

eifort heen oxpended in understandinj how a program can be
proven ccrrect or demonstrated to be reliakble.

In selecting possible approaches to establish the relia-
kilty of the input translator, a combination of methods was
determined to be the best. As previously noted, progran
correctness is not the Jb jective. Also, the inpdivijual
modules were completely debugged as they were built. So the
proklem reduces to ensuring the function between the irput

and output is such that the correct output is realized for
each possible input. This is a black box methodology, but,
since the projram is to be exercised as a whole, the concept
of dynamic testing also applies. The following section
discusses the results of this testiny and validation.

B. TEST BESULTS

Functioral testing, a form of dynaaic testing, involves
the testing of a system over each of the different possible
classes of inpui, the testing of eaca function implemented
by the system, and the generation of test output in eaca of
the possible Jutput classes [Ref. 15]. This is the method-
ology that was employed in the testing of the input trans-
lator.

The CSDL input is divided into 5 parts which are
IDENTIFICATION, DESIGN CRITERIA, ENVIRONMENT, PROCEDURES,
and CCNTINGENCIES. Each of these sections was examined in
detail to datermine the finite set of perautations icn
structure and content, as set <forth by the CSDL grammar.
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These possibilities foramed the basis for test cases to ke
used in exercising <the input tramslator. Due to 1its
complexity, the PROCEDURES section received the most atten-
tion, but each part is discussed, in terms of the test
results, below.

The IDZNTIFICATION section, an example of which is
contained in figure 4.1, consists of 3 character strings

el

IDENIIFICATICN
DESIGNER: "Tnodas H. Carsoa"
CATE: "10 April 1984" L
PKIJECT: *"Start Malfunction Controllec"

.

[ P

Pigure 4.1 IDENTIFICATION Section of the Imput.

which make up a portion of the documertation for the systea.
Ths strings are not parsed by the input tramslator, just
simply read and ignored. This section is optional, as are
they all, and the parser performs no other action om it.

The DESIGY CRITERIA, an exanpls 2 whick is contained in
figure 4.2, 13llows the the user to specify the metric ard
rumber of mornitors and voluames to be employed in the magpping
process, the next module in the CSDE systen. The metric is
one of 3 choices, all character strings, while the monitors

DzSisN CRITERIA
METRIC FIRST;
VOLUNES 1:
MONITORS V;

Pigure 4.2 DESIGN CRITERIA Section of the Imput.
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and volumes are integer values. The parser reads each of
these and checks for correctness in terms of value. It then
reformats the information and places it in a special portion

34 :FIRST
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Pigure 4.3 Primitive List Form of the DESIGN CRITERIA.

of the primitive list. The possible alternatives were exer-
cised and the corresponding correct sutput was jenerated, an
example of which is contained in figure 4.3.

The ENVIRONMENT section, an example of which is
contained in figure 4.4, contains the variable declarations
for the input. It has 4 parts which are: procedure declara-
tions, dinput signals, output signals, and duplex signals.
While each of the above is optional, the controller will
have to sense at least one input aand emit one output to have
some function. Each declaration can have its name, struc-
ture, precisisn, initial value, or the techrology associated

—— v

ENVIRONMENT
INPOT: RPM,8,TTL; FIRE_SENSE,1,TTL:
or1'pRES, 8, TTL;END IKPOT:
ourpoT: sov,1,7%L: 5D, 1,TTL:
PIRE ExT,),TTL: END OUTPOT;
ARITHMETIC: STAGPLE,1: END ARITHMERNTIC;

Figure 4.8 ENVIRONMENT Section of the Input.

with it. The type of declaration decides which and how many
of the attributes each variabtle will have. For the internal
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prograa variables, in the ARITHMETIC section, the translator
generates a system variable primitive and for each of the
signals it produces the associated software primitive.
Again, while the translator is parsing the structure of the
input, the real work done is reformating the names and their
associated attributes into the appropriate primitive. No
errors could be detected in exercising the program over this

4s.jnputport (EPY TTL:8£
Ss.inputport (FIRE SENSE,TTL:1)
6s..1.n Putbort (OIL PRES,TAL:4).
7s.out putport(FIKE_EXT,TTL:1
8s.var STAGPLG:‘,O)

Figure 8.5 Primitive List Porm of the Input.

portion of the imput. An example of the output generated by
the above example is contained in fijure 4.S5.

The PROCEDURES section contains the functions and tasks
which establish the purpose of the controller being real-
ized. The 1ifferences between functions and tasks are:
functions are alloved only one basic statement and return a
value while tasks allow multiple statements and perform a
job. The key to both is the basic statement which is one of
several  types seen in wmost prograaming languages. The
alternatives are: if-then, while-do, for loop, assignaent,
data input, data outfput, perform task, and wait. The only
ones that might not be familiar are the "perform task" and
"wait®"., "pPerform task" allovs for nested procedures and the
"wait" statemant causes the program to suspend itself for a
prescribed pariod of tiame. An axample of a task is
contained in figure 4.6.
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TASK OVERSPD:
IF START SWIT THEN
gggsz (gpu);
IF RPM > 74 THEN SDS5 := 1; END IF;
ISSUE (SDS);
END IF;
END oVRSPD;

Figure 4.6 PROCEDURES Sectioa Input Example.

This section is where the parser really does its work.
It must parse each statement in the ‘procedure and generate
an appropriata section of primitives, including temporaries,
asseakbly-language-like sof tware prinmitives and labels, which
fulfill the intent of the statement. Each of the lasic
statements was exercised through the translator without any
error detection, but because of the increased complexity of
this section , 100% reliability cannot be confirmed. To do
so would require a technijue such as path testing. This
requires that every logical path through a program be tested
at least onca. Another possibility is to construct test
data which causes each branch in the program to be traversed
[BRef. 15]. Alogorithms for such testing exist, but the
problems with each are the excessive time, CPU service, and
output verification required. Therefore, c¢omplete path or

- rranch testiny was not attempted. However, the author's

confidence in the correctness, after the testing that was
conducted, is 100%k. An output produced from the above input
example is contained in figure 4.7, '

The CONTINGENCY LIST section, 2an example of which is
contained in figure 4.8, sets up the flowv and timing for the
controller by establishing how often each procedure should
Le executed. There are 4 types of statements allowed in
this section: when-do, at time, simple do, and the every.
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106t.generated for :OVRSPD

107s. prog OVRSPD:L

108s. Im START SWIT,212: 1)
109s.Sensecond RPH:B{

110s. ?T01,RPH,3C07:8,8,8)
111 .iupf 3701/813%8)
112s.assign sD5,8C01:1,8)
113s.loc ?13:z)
11U4s.issuevent (SDS5:1)

115s. 10 312:£

116s. exitproc (OVRSPD:)

Pigure 4.7 Primitive List Porm of the PROCEDURES Section.

While the parsing action for these statemeats, basically
just a reformating routine, is simpls, probleams developed in

CONTINGENCY LIST
WHEN RKESET_SWIT:100MS DO INIT;
EVERY 1000Ms DO CLOCK;
EVERY 100MS DO OVRSPD;

Figure 4.8 CONTINGENCY LIST Input Exaaple.

determining what the format in the primitive list should be.
For comsistancy, each was treated the same with blanks left
in the columns in the "simple do", "every®", and "at time"
Statements whare a contingency name appears in the "when-do"
statement. Examination of the example output in figure 4.9
and its comparison with the input exaaple above will clarify
this point. Alternative entries, such as the word "each",
to replace the blanks are under consideration. The desi-
sion, based on the requirements of the functional mapper,
will not occur prior to the submission of this thesis.
Therefore, it is not possible to establish conmglete
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RESET_SWIT:INIT
+CLOCK
:OVRSPD

B o B
W
o0 6o 80

sMS: 100,
33521000, 0’ o, ol
s4S: 100,

(=1l

Figure 4.9 Primitive List Form of the CONTINGENCY LIST.

correctness in this section. The program does act according
to its given reguirements but the possiblity exists for
these to chanje and, at that time, the section will have to
be reverified. _

Only the primitive 1list has been discussed above. as
praogram outpat. The translator also generates a symbol
table and a scratch rad. Since th2 symbol table is unfor-
matted, testing established only that the required informa-
tion was present. The scratch pad is not a functional
member of the CSDE and, therefore, was not tested. The
error-checking routines within the translator were tested in
so far as they were used in creating correct input file for
the testing described above. This was considered adequate
due to the impending completion of a3 syntax-directed editor
for coamposing the CSDL input for the translator.

The input translator was built bottom-up in nmodular
fornm. This methodclogy and the use of the automatically
generated driver for the parsing coutines were significaat
reasons for the relatively error-free results obtained
during the testing of the translator as a whole.
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V. CONCLUSIONS AND RECOMMENDATIONS

A. PROGRAB BAINTENANCE

The use of the automatic parser generator in providing
the control tables for the translator allows the wmaximua
degree of flexibility £for progran maintenance. The
resulting main program is modular and space efficient, with
anticipated changes, such as new emissions from the semantic
routines, easily included in the systenm.

The most obvious portion of the system which will
undergo modification is the CSDL grammar. Matelan states
there is no capability in CSDL for notatiomal extemsibility,
nor should there be [Ref. 16]. He points out it is doubtful
that the average user can design extensions that will cause
less barm than good and the provision of a good macro capa-
bility and extendable function/task libraries are preferred.
This author disagrees. The advantage of using the parser
generator is that a new set of tables can be produced for a
modified CSDL with virtually no 3iisturbance to the traas-
lator. The changes to the graamar must be consistent with
the rules governing 1LL(1) grammars, but such modificatioms
as the inclusion of new tokens or reserved words is within
the capability of advanced program language students. In
addition, t> keep CSDL static, using the £function/task
libraries to realize new primitive operations as they become
technologically feasible, only results in a less efficient
controller. It could lead, in the worst case, to the
inability to utilize the latest hardware technology avail-
able for controller design. This was most certainly not the
intent.
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One particular change to CSDL needs immediate attention.
Maay controllers require an analog input or output signal.
Matelan, in his work, makes the assumption that analog
information must be converted to a digital signal before it
reaches the interface [Ref. 16]. If we have the ability to
modify CSDL, this is no longer a complex issue. One possi-
bility is to add a pew input/output signal type with the
CSDE calling for an A/D-D/XR converter when this type is
mapped to a library.

B. RECOMMENDATIONS POR CSDE

The flow of information between mbdules in CSDE, prior
to the inpendihg coupletion of the lesigner and translator
modules, is consistent. Since the system was implemented in
Fortran and resides on one machine, there is no problea.
But with the coampletion of the translator, the subject of
this thesis, and the designer module having the same tinme
schedule, the problem of interfacss becomes significant.
The translator is written in Pascal and, while the ouput is
a simple text file, the information flow will not be as it
should. In addition, the designer module is being written
in the "C" programming language which will generate,
possibly, further interface probleas. It is therefore
reconmended that the CSDE system ke incorporated, as quickly
as possible, into a data base management system such as
Oracle. This was previously discussed in Chapter 3 of this
thesis and the design of the data base was the subject of
earlier reseacch {Ref. S5]. This research pointed out that
this redesign of CSDE should help streamline the operation
and eliminata any complex programaing schemes that were
built out of necessity in earlier work. This concept will
eliminate, coapletely, the interface problems, as the infor-
mation will ba input to and accessible from the database as
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it passes froa one module to the next. An overall iamprove-
ment in systea docuaentation, efficiency, and usability
should result vhile, at the same time, allowing each module
to maintain its individuality apnd function.

C. SUEBARY

In conpleting the design and implementation of the input
translator, the objective of this thesis has been accoam-
plished. Tha translator has been tested and fufills the
function required of the module in the Computer System
Design Environment [ Ref. 2). The additional features added
to the translator include an option to monitor the execution
sejuence in a variety of tracing moles and extensive error
checking. While not considered integral parts of the
progranm, these features were useful in its design and
testing. As the CSDE evolves, these features might become
superfluous, at vhich time they could be eliminated. But
the information provided by the features should be consid-
ered prior to that decision.

The design methodology employed in the production of the
translator was not inovative, but it allowed the program to
be simple and straightforward. The use of the automatic
parser generator was a time saver and proved to be a tool
which will allow for the ease of future program maintenance
as no other could. 1In one sense, we could say, while gener-
ating a wmodule for a computer aided design systenm, a
conputer aided programming tool was central in the
development.

The translator will reside in tha CSDZ on the VAX 11/780
VNS operating systeem. It is a Pascal program with the
source and object code available under the filename "CSDL".
The user instructions have been fully covered in the
previous sections of this thesis.
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e
ARRENDIX ) P
TRANSLATOR INPUT EXAMPLE S
IDENTIFICATION ﬁ};i
DESIGNER: "Alan Ross" e .
DATE: "12-23-83"
PROJECT: "Diaal Process Control Application"
DESIGN CRITERIA ;f‘_ﬁ
METRIC FIRST;
VOLUMES 8;
.:; R
ENVIRONMENT L
INPUT: CONSIN,S8,TTL; CONST,8,TTL; FLSA,1,TTL;PLNA,8,TTL; e
FLGB, 1, TTL; PINB,3,TTL; END INPUT; :&;;
JUTPUT: Va,8,TTL; VB,8,ITL; END JUIPUT; ;;;;
ARITHMETIC: KCA,8; KCB,8; CNT_B,3; ITIA,8; ITI3,8; AINT,S; T
TDA,8; TDB,3; BINT,8; ¥SA,8; VSB,8; BDIFF,8; .
PSA,8; PSB,8; CONPTT,8; EA,8; EB,8; KPIA,S; SN

EA1,8; EA2,8; EB1,8; EB2,8; KPIB,8;
END ARITHMETIC;

PROCEDURES ®

FUNCTION DATA_A:
BINARY,1;

SENSE (FL3A) ; , s
IF FLGA = 1 THEN DATA_A := 1; END IF; o
BND DATA_A; o
FUNCTION DATrA_B: o
BINABRY,1; .
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SENSE (FL3B) ;
IF F1GB = 1 THEN DATA_B
END DATA_B;

= 1; END IF;

PUNCTION BCNT:

BINARY, 1;

IFP CNT_B >= 4 THEN BCNT := 1; END IF;
END BCNT;

TASK AFIX;
ARITHMETIC: ADIFF,8; END ARITHMETIC;
SENSE (PINA) ;
EA := PINA®KCA - PSA;
ADIFF := (3%EA - (4*EA1 + EA2)*5;
AINT := AINT ¢ EA/KC;
VA 2= VSA + KCA* (EA + ITIA*AINT # IDA*ADIFF);
ISSUE (VA);
DATA_A := 0;
EA2 := EAM;
EA1 := EA;
END APIX;

TASK B_CALC;
SENSE (PINB) ;
EB := PINB*KCB - PSB;
BDIFF := (3%EB - 4*EB1 + EB2) *10;
BINT := BINT ¢ EB/KCB;
CNTB := CNTB ¢ 1;
DATA~B := 0;

END B_CALC;

TASK BFIX;
CNTB := 03
VB := VSB ¢ KCB* (EB + ITIB*BINT ¢ TDB*BDIFF);
ISSUE (VB);

END BFIX;
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FUNCTION CONFLG:
BINARY, 1;
SENSE (CONSIN);

IF CONSIN > O THEN CONPLG := 0

END CONFLG;

TASK CHGCON;
SENSE (CONST
IF CONPIT =
IF CONPIT =
IF CONPIT =
IF CONPTT

IF CONPTIT =
IF CONPIT =
IF CONPIT =
IF CONPIT =
IF CONPTIT
IF CONPTT

"

THEN KCA := CONST;

END IF;

END IF;

| H

1

2 THEN ITIA := 1/CONST; END IF;

3 THEN TDA := CONST;

4 THEN VSA := CONST;
IF CONPTT = S THEN PSA := CONST;

6

7

8

9

END IF;
END IF;
END IF;

THEN AINT := CONST; END IF;
THEN KCB := CONSI;
THEN ITIB := 1/CONST; END IF;
THEN TDB := CONST;
1) THEN V5B := CONST; END IF;
11 THEN PSB := CONST; END IF;

END IF;

END IF;

IF CONPIT = 12 THEN BINT := CONSI; END IF;

END CHGCON;
CONTINGENCY LIST
WHEN DATA_A :100MS DO AFIX;
WHEN DATA_B :50MS DO B_CALC;
WHEN BCNT :1004S DO BFIX;

WHEN CONFLG DO CHGCON;
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h ARRENDIX B
- . FORMAL SYNTAX OPF CSDL

h TERMINALS NONTERYINALS

1

o
1. | 84. <adp> ;j
2. ) 85. <ARITHMETIC 30DY> .
3. * 86. <ARITHMETIC DEC> -
4. *% 87. <ARITHMETIC SPECD> =
5. *ID* 88. CASSIGNMENT STMT> ;;
6. *NUMBER* 89. <AT TIME> .
7. *STRING* 90. <B1> o
8. + 91. <B2> 2
9. ¢ 92. <BASIC STHT> ]
10.- 93. <BINARY BODY> -~
M. . 94. <BINARY DEC> N
2. / 95. <BINARY PREZISIONY »
13. /= 96. <BINARY SPEC> 2
W, : 97. <CHABACTER REP LIST> -
15. ;= 98. CCHARACTER REP> .
6. ; 99. <CODE DEC LIST> -
17. < 100. <CODE DEC> 1
18. <= 101. <CODE ID> —
19, = 102. <CODE SPEC> S
20, == 103. <CODE VAR SP3C> L
21, => 104. CCONTINGENCY DEF> o
22, > 105. _ CCONTINGENCY LIST> —
23, >= 106. CCONTROL SYSIEM DESIGN> e
24. AND 107. <DATA INPUT>
25, ARITHMETIZ 108. <DATA OUTPUI»
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26. ASCII6 109. <DEC GP>

27. ASCII? 110. <DEC>

28. AT 111. <DECIMAL PREZISION>

29. BCD 112. ¢DESIGN CRITERIA>

30. BINARY 113. <DUPLEX SPEC>

31. CODE 114. CENVIRONMENT SECTION>

32. CONTINGENZY 115. CEPISODE TIYING>

33. COST 116. <CEVERY>

34. CRITERIA 117. CEXPR LIST>

35. DATE 118. <EXPRESSION>

36. DESIGN 119. <EXP_2>

37. DESIGNER 120. <EXP_3>

38. DO 121. <EIP_4>

39. DUPLEX 122. <FACTOR>

40. EBCIDIC 123. <FOR HEAD>

41. ECL 124. ¢FOR LOOP>

42. END 125. CFORMAL PARAY LIST>

43. ENVIRONMEST 126. <FPUNCIION>

44. EVERY 127. CFUNCTION_HEAD>

45. PIRST 128. <ID LIST>

46. POR 129. <ID SECTION>

47. FRON 130. <IF HEAD>

48. FUNCTION 131. <IF THEN>

49. H 132. CINITIAL VALJE>

50. IDENTIFICATION 133. CINPUT SPEC> SR
51. IF 134. <LABELED STAT> s
52. ITL 135. CLEFT PART LIST> '
53. IN 136. <LIST BODY>

S4. INPUT 137. <MAX LOOP COJNT>

55. ISSUE 138. CMETRIC>

56. LIST 139. <M0P> o
57. & 140. <NAME>

58. METRIC 141, <NO> ¥

59. NONITORS 142. <HUMBER LISI> S

60. S 143. <OUTPUT SPEC> e

S

{

"
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61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
4.
75.

76.

77.
78.
79.
80.
81.
82.
83.

T ——

NOT

RS

OR
OUTPUT
POWER
PROCEDURES
PROJECT
S

SENSE
TASK
TERY
THEN

T0

TTL
UNTIL
us
VARIABLES
VOLUMES
NAIT
WHEN
WHILE

{

}

et o maadin,

L WL S W Sy

144.
145.
146.

147.

148.
149.

150. -

151.
152,
153.
154.
155.
156.
157.
158.
1589.
160.
161.
162.
163.
164.
165.
166.

167. .

168.
169.
170.

171.

172.
173.
174.
175.
176.
1717.
178.
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CPERFORM TASX>
<PERIOD>

<PI>

<PRIMARY>
{PROC DEC 32>
C2ROC DEC>
<PROC GP>
CPROC SECTION>

. <PROC>

CQUALIFICATIIND
{RANK>

. KRELATION>

C<RELATIONAL 2P>
<ROE>
{SIMPLE DO>

.K{SIMPLE EXP>

<STMT GP>

{STHI>

{STRUCTURE>

¢SYSTEM GOAL SYMBOL>
{TAaSK LIST>

KTASK>

<TASK_HEAD>

< TECHNOLOGY>
<TERN>

CTINE MEASURZ>
<CTIME>

<TIMED BLOCX>
<TIMED_BLOCK_HEAD>
<TRANSMISSION BODY>
CTRANSMISSION DEC>
C#AIT UNTIL>
CRAIT

_<4AIT_HEAD>

CWHEN DO>

[ VL




...................

179. CWHILE DO>

180. <WHILE HEAD>

181. <RHILE>

182. <ZOPT PROC DiC GE>

JHE PRIDUCTIONS
1. <SYSTENM GOAL SYMBOL> ::= END <CONIROL SYSTEM )ESIGN> END
2. <aop> ::= 3. / -

4. <MOP> ::= *

S. //

6. <RELATIIONAL OP> ::= <

7. / <=
8. / =
9. />
10. / =
1. / /=
12. <PRIMARYI> ::= *NUMBER*
13. / *STRING*
14. / <NAME>
15. / ( <EXPRESSIOND> )

16. <FACTOR> ::= <PRIMARY>
17. / <FACTOR> #** <PRIMARY>

18. <TERM> ::= <FACTOR>
19. / <TERM> <MOP> <FACTIR>

20, <SIMPLE EXP> ::= <TEEM>

21. / <AOP> <TERM>
22. / NOT TERM
23. / <SIMPLE EXP> <AOP> <TERM>

24. <RELATION> ::= <{SIMPLE EIP>
25. / <SIMPLE EXP> <RELATIONAL OP> <S{ MPLE EXP>
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26.
27.

28. .

29.

30.
31.

32.
33.

34.
3s.
36.

37.

38.

39.

40.
41.
42.

43.

44,
45.

46.

47.
48.

49.

50.

<EXP_U4> ::= <RELATION>
/ <EXP_U4> AND <RELATION>

<EXP_3> ::= <EIP_W>
/ <EXP_3> OR <EXP_u>

<EXP_2> ::= <EXP_3>
/ CEXP_2> => <EXP_3>

<EXPRESSIJN> ::= <EXP_2>
/ <EXPRESSION> == <EXP_2>

<EXPR LISI> 3::=
/ <EXPRESSION>
/ <EXPR LIST> , <EXPRESSION>

<IF THENR> ::= <IF HEAD> THEN <SINT GP> END I?

<IF HEAD> ::= IF <EXPRESSION>

<WHILE DO> ::= <WNHILE HEAD> DO <STMT GP> END WHILE
<WHILE HEAD> ::= <WHILE> <EXPRESION> : <NAX .00P COUNT>
<WHILE> 2:= WHILE

<FOR LOOP> ::= <{FOR HEAD> DO <STIMT GP> END FIR

<FOR HEAD> ::= FOR *ID* FROM <EXPRESSION> TD
<EXPRESSIJN> : <MAX LOJOP COUNT>

<PERFORM TASK> ::= *]ID*
/ *¥ID* ( <EXPR LIST> : <ID LIST> )

<MAX LOOP COUNT> ::= *NUMBER*

<LEFT PARI LIST> ::= <NAME> :=
/ <LEFT PART LIST> <NAME» :=

_<ASSIGNMENT STMT> ::= CLEFT PART LIST> <EXPRESSION>

<DATA INPIT> ::= SENSE ( <NAME> )
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S1. <DATA OUTPUT> ::= ISSOE ( <NAME> )

S52. <TIME MEASURE> ::= H

53. /M
54. /S
55. / MS
56. /7 US
57. /7 NS

58. <PERIOD> ::= *NUMBER* <TIME MEASURE>

59. <TIME> ::= <PERIOD>
60. / <TIME> <PERIOD>

61. <TIMED BLOCK> ::= <TIMED_BLOCK_HEAD> DO <STML GP> END IN
62. <TIMED_BL)CK_HEAD> ::= IN <PERIOD>

63. <WAIT> ::= WAIT <PERIJD>
64. / WAIT <EXPRESSION> : <PERIOD>

65. <WAIT OUNTIL> ::= <WAIT_HEAD> <EXPRESSION> : {PERIOD>
66. <WAIT_HREAD> ::= WAIT OUNTIL

67. <BASIC STMT> ::= <IF THEN>

68. / <WHILE DO>

69. / <FOR LOOP>

70. / <PERPORM TASK>
71. / <ASSIGNMENT STMT>
72. / <DATA INPUT>

73. / <DATA OUTPUT>

74. / <TINED BLOCK>

75. : / <HAIT>

76. / <WAIT UNTIL>

77. <LABELED STMT> ::= *ID* : <BASIC STNT>

78. <STMT> ::= <BASIC STMI>
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79. / <LABELED STHNT>

80. <STMT GP> :3:= <STHT> :
81. / <STMT 3P> <STMT> :

82. <PROC DEC> ::= <BINARY SPEC>

83. / <ARITHNETIC SPEC>
84. / <CODE SPEC>
85. / <CODE VAR SPEC>

86. KINPUT SPEC> :3= INPUT : <TRANSMISSION BODY> END INPUT

87. <OUTRUT SPEC> ::= OUTPUT : <TBANSMISSION BOD(>
END JUTPUT

88. <DEC> ::= <PROC DEC>

89. / <INPUT SPECZ>
90. / <OUTPUT SPEC>
91. / <DUPLEX SPEC>

92. <DEC GP> :z2= <DEC> ;
93. / <DEC GP> <DEC> ;

94. <DUPLEX SPEC> ::= DUPLEX <TRANSMISSION BODY> END DUPLEX

95. <BINARY SPEC> ::= BINARY : <BINARY BODY> END BINARY

96. <ARITHMETIC SPEC> ::= ARITHMETIC : <ARITHMETCLC BODY>
END ARITHMETIC

97. <TRANSMISSION BODY> ::= <TRANSMISSION DEC> ;
98. / <TRANSMISSION BODY> <TRANSMI3SION DEC> ;

99. <TRANSMISSION DEC> ::= *ID* , <BINARY PRECISION> ,
<TECHNOLOSY>

100. <BINARY B0DY> ::= <BINARY DEC> ;
101. / <BINARY BODY> <BINARY DE’> ;

102. <BINARY DEC> ::= *ID* <STRUCTURE> , <BINARY PRECISION>
<INITIAL VALUE>
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103. <ARITHMETIC BODY> ::= <ARITHMETIC DEC> ;
104. / <ARITHMETIC BIDI> <ARITHM3TIC DEC> ;

105. <ARITHMEIIC DEC> ::= #]ID* <STRUCTURE> ,
<DECIMAL PREZISION> CINITIAL VALUE»

i | 106. <STBUCTURE> ::=
. 107. / ( <NOMBER LIST> )

108. <NOUMBER LIST> ::= *NUMBER*
109. / <NUMBER LIST> , *NUMBER*

110. <BINARY PRECISION> ::= *NUMBER*
111. <DECIMAL PRECISION> ::= *NUMBER*

112. <INITIAL VALUE> ::=
13. / ., *NUMBER%®

114, <TECHNOLIGY> ::= TTL
115. / ECL
116. / ITL

117. <CODE VAR SPEC> ::= CODE VARIABLES : <CODE )EC LIST>
END CODE VARIABLES

118. <CODE DEZ LIST> ::= <CODE DEC> ;
113. / <CODE DEC LIST> <CODE JEC> ;

120. <CODE DEZ> s:= #*ID* : <CODE ID>

121. <CODE SPEC> ::= CODE : *ID* , <BINARY PRECISION> ;
<CHABACTER REP LIST> END CODE T;H

122. <CHARACTER REP LIST> ::= <CHARACTER REP> ;
123. / <CHARACTER REP LIST> <CHARACTER REP> ; R

124. <CHARACTER REP> ::= *ID* : *NUMBER* e

125. <CODE ID> ::= *ID#
. 126. / ASCII6
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127. / ASCIX?

128. / EBCIDIC
129. / BCD

130. <ID LIST> ::=
131. / *ID=*
132. /7 <ID LIST> , *ID*

133. <NAMED> ::= *ID*
134. / *ID* ( <EXPR LIST> )
135. / *ID* { *NOMBER* : *NUMBER* }

136. <FORMAL PARAM LIST> ::=
137. / ( <ID LIST> : <ID LIST> )

138. <PROC> ::= <TASK>
139. / <FPUNCTION>

140. <TASK> ::= <TASK_HEAD> ; <ZOPT PROC DEC GP> <STMT GP>
END *ID*

141. <ZOPT PROC DEC GP> ::=
%2, / <PRQOC DEC GP>

143. <PROC DEC GP> ::= <PRJIC DEC> ;
144. / <PROC DEC GP> <PROC DEC> ;

145. <TASK_HEAD> ::= TASK *ID* <FORMAL PARAM LISC>

146. <PUNCTION> s:= <FUNCTION_HEAD> ; <ZOPT PROC DEC GP>
<STMT> END *ID*

147. <FUNCTION_HEAD> ::= FUNCTION ¢ID* <FORMAL P RAM LIST> :
BINARY , <BINARY PRECISION> <INITIAL VALUE>

148, / PINCTION *#ID* <FORMAL PARAM LIST> :
ARITHMETIC ,<{DECIMAL PRECISION> <INLTIAL VALUE>

149. <PROC GP> s:= <PROC> ;
150. / <PROC 3P> <PROCZ> ;

151. <PROC SECTION> ::=
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152.

153.

154,

155.

156.
157.

158.

159.

160.
161.

162.
163.
164.
165.
166.

167.

168.

169.

170.

171.
172.

173.
174.
175.
176.

177.

T Py

/ PROCEDURES <PROC GP>
<ROE> ::= <PERIOD>

<B1> ::= <PERIOD>

<B2> ::= <PERIOD>

<RANK> ::= <HNDD>
/ <SNU> . <PI>

<NU> :z:= *NUMBER*
<PI> ::= *NUMBER*

<QUALIFICATION> ::=
/ LF <EXPKESSION>

<EPISODE TIMING> ::=

<ROE>

<ROE> , <B1>

<ROE> , <B1> , <B2>

<ROE> , <81> , <B2> , <RANK>

NN N N
YT

<WHEN DO> ::= <QUALIFICATION> WHEN <NAME>
<EPISODE TIMINS> DO <TASK LI53T>

<SIMPLE DO> ::= <QUALIFICATION> DJ <TASK LI3T> <RANK>
<EVERY> ::= <QUALIFICATION> EVERY <ROE> DO <TASK LIST>
<AT TIME> ::= <QUALIFICATION> AI <TIME> DO <TASK LIST>

<TASK LIST> ::= <NAME>
/ <TASK LIST> THEN <NAME>

<CONTINGENCY DEF> ::= <WHEN DO>
/ <SINMPLE D0>
/ <EVERI>
/ <AT TIME>

<LIST BODY> ::= <CONTINGENCY DEF> ;
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178.

179.
180.

181.
182.

183.
184.
185.

186.
187.

188.
189.

190.

/ <LIST BODY> <CONTINGENCY DIF> ;

<CONTINGENCY LIST> ::=
/ CONTINGENCY LIST <LIST BODY>

<DESIGN CRITERIA> ::=

/ DESIGN CRITERIA METRIC {METRIC> ;
VOLOMES <NUMBER LIST> ; MONITORS <NUMBER LIST> ;

<METRIC> ::= FIRST
/ COST
/ PORER

<ENVIRONMENT SECTION> ::=
-/ ENVIRONMENT <DEC GP>

<ID SECTION> ::=

/ IDENTIFPICATION DESIGNER : *STRING*
DALE : *STRING* PROJECT : *STRING*

<CONTROL SYSTEM DESIGN> ::= <ID SECTION>
<DESIGN CRITERIA> <ENVIRONMENT SECTION> <P3:0C SECTION>
<CONTINGENCY LIST>
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