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A PROGRAM DESIGN LANGUAGE FOR COBOL

Chapter 1l:

INTRODUCTION AND MOTIVATION

The practice of structured programming increases the
productivity of programmers and the reliablility of computer
programs. However, the lack of adequate control structures in
COB0OL makes it hard for the user of COBOL to apply the structured
programming technique,. To make the structured progqramming task
easier in COBOL, adequate control structures are required. The
purpose of the present study is to develop a generalized Program
Design Language (PDL) by adding these c¢ontrol strucktures to
COROL. This PDL will greatly enhance the structured programming

capability in COBOL.

1.1. Structured Programming

Structured programming improves the design and
maintenance of computer ©programs, Structured programming
provides a methoa of organizing and coding programs that makes
Ehe programs easily understood and modified [Donaldson-73]. It
converts arbitrarily large and complex flowcharts into standaré
forms so that they can be represented by iteration and nesting of
a smallnumber of basic and standard control logic structures

(Mills=-72].

(1)



(18]

From a theoretical view, the basic control structures;,
introduced by Bohm and Jacopini, are the sequence, the selection,
and the iteration structures (see figure l-1 through 1-3}) [Bohm=-66].
Normally, selection statements includé IF-TEEN-ELSE and CASE
statements. The iteration structures include the 'WEILE-ENCWEILE'
and the 'REPEAT-UNTIL' structures and 'FCR' statements. (For
statements are not includeéd in the COEBCL PDL). Each control
structure is shown in the figures as an one-entrance-one-exit "box".
The control processing of these boxes is defined by following the
arrows. All these arrows either obey the sequential processing rule

or are decided by checking a given condition.

Based on Wirth's concept [Wirth-71] of "stepwise refinement",
structured programming can be understood zs the application of a
basic proklem decomposition method to estaklish a manageable
hierarchical problem structure. The highest conceptual level
represents the general description of the rproblem, with each lcwer
level providing greater magnification or additional problem detail.
The process of refinement is carried out in a series of steps, with
each step bringing greater problem detail into focus or refining the

knowledge available in the preceding step [Jensen-81].

In terms of the control structures, the concept of "stepvise
refinement” can be described as a processing which defines any
rectangular box within a control structure by another
control structure. The solution to a given problem «can be

any one of the structures, and it can be further descrited by



refining the internal boues, This refinement will be terminated
when the internal boxes can be easily represented by the

instructions of a computer language,

There have been a lot of discussions on the meaning of
*structured programming®, but we are interested in its £function
and its advantages, Other topics of debate about iks meaning
include: "If structured programming is NON-GOTQ", "If sturctured
programming is a panacea for all problems”, and "If more controls
are needed by the control structures - more entrance and exit
points of a conktrol skructures", etc, These debates have

subsided with some degree of consensus reached,

The advantage of structured procramming is obvious in
improving the development and maintenance of computer programs.
Most of the computer languages are so different from the natural
languages that it is not easy for a2 computer programmer to make
himsel? <clear, The structured programming technigue, by
providing organized procedures, helps the srogrammers to
have a better methodology and the users a better
arpreoach tfo uncerstand an existing program. These advantages can
reduce the possibilities of logic errors and of misunderstanding

a ggmputar program, Thus, the cost of software develcpment can



1.2, COBCL in Structured Programming

COBOL is too wordy in program cdevelopment ancé too limited in
its control structures structured prcgramming, COBCL is a
format-oriented language, its coding format creates inconvenience
ke the programmers, There are no easy coding options
availahle for writing a precise and concise program, To focus on
the wordy and coding problems, the "sShorthand Programming
Lancuace in a CCBOL Environment® is a COBOL opre=-compiler which
reduces the initial coding éf all CCBOL programs by at least 5C

percent ([Crawford-74],

There are various methods to "reform™ the unstructured

rosramming language for the practice of structured programming.

o

In summary, they are "imitation", "desic¢n", and "preprocessing”,
[presser-75] (See fiqure 1-4), The "imitation® apgroach is to
arzoropriately place the existing language statements to £form
srogran texts which resemble the three control structures, The
second method is %o "design" a new language to replace the
axisting lancuage, The "preprocessing" technigue is to add the
fesired control statements to the existing language, and a
Prenrocesgsor is useé Lto convert the new statements into the

existing lancuacge.

The preprccessing aprroach is the simplest ané most flexible
secluticn tn make structured programming available for CCBQL, The

TCenNrocessor statsments can  De used either to substitute the



wordy COBOL statements or ko build up control structures on the
existing COBOL statements., An ad-hoc translator has to be
designed to convert the preprocessor statements into eguivalent

CQBQl skatements,

By keeping the original linguistic syntax, the existing
CCBRL can be embedded as the body of the control structures, The
svstems analysts and programmers cnly have to know the syntax of
the added preprecessor statements, In translating the
prenrocessor statements, tﬁe embedded COBOL text will be simply

copiad as the output code,

The number of added preprocessor staktements and their
syntax can be easily altered to meet the user's demand. Besides,
the tyre of the equivalent CCBOL translated from the preprocessor
statements <¢an also be ' altered. The preprocessing
technicue is to create a friendly and flexible interface betwean

COBQL and its user,
1.3, The Program Design Language

This paper is to demonstrate a type of Program Design
Languace (2DL) for COBOL and the translation process. The PRL
statements include five PCL preprocesscr statements to substitubs
the wcrdy CCOBCL anéd fourteen conktrol statements to build up 2DL
contrcl structures, Original COBCL statements are totally

as pazt of PCL without changing their syntax cr

b

accents



limitations,.

The control structures of PDL will not include the
"sequence” control structure of the three basic control
structures, The conktrol structures are the various structures of
the “"selection®™ and “"iteration® structures. The "seguence”
structure 1is eliminated from this PDL, since the sequential
processing manner obevs the machine nature, Anv "box" in
figure 1-1 through figqure 1-3-2, 1if it contains one or more
structures, is basically a "sequence box®, To augment the various

types of the "selection" and "iteration" structures, the PDL will

provide more convenience in expressing the program logic.

The translator of this PDL is required to be flexible, to be
frez=-formated, ané to be coded in PASCAL. To make a flexible
interface between the wuser ané the CCEOL compilers, the
translator should be easily modifiable to fit different
eavizonments. The PDL, unlike CCOBOL, has no restriction or
svecial rule on coding foramt, All the statements can be startecd
at any position of a coding line, normally an 80-character data

structure, and can be continued into the next coding line,

PASCAL 1s a structured programming languace, ikt provides
enough control structures for the lecgics of the translator.
The PASCAL compiler is available in most micrc-computers

Therefcre, the translator can be sxecuted on many machines.



Figure 1-1: Sequence Control Structure
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Figure 1-4:

(1) Imitation approach
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Chapter 2:

DESIGN PHASE

The Drocess of creating a proper Program Design
Lancuage(PDL) and 1its translator consists of the definition of
the POL, the translation of the COBOL equivalence of each 2DL
statement, and the design for this translator. In the following
éiscussion, the first‘section defines the syntax and the function
of each PDL statement. In the second, the generated CCOEQL codes
are cesigned to meet the meaning of each PDL statement, In the
third, the translator design, baseé on language definitiens,
describes the outline of the translation procedurss and the

necessary modules,
2.1. Definitions of the Program NDesign Language

The current Program Design Language includes COBOL sentences
and non-COBOL statements, The COBOL sentences are empbedded into
and setve as the content of a control structure. The non-CQOBOL
statements consist of five preprocessor statements and fourteen
control statements, The preprocessor statements substitute the
for wordy COBOL, and:the controcl statements construct six POL
czntrel structures, The five preprccessor statements provide a

convanient and concise format for CCDBCL. The six control

(9)
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structures are three various types of control for both the

selection and the iteration structures (See figure 2-1),

The non-COBOL statements are led and identifiecd by the
predefined PDL keywords (See 2Appendix A: The POL User. Manuall.
Examples of the non-CO20L statements and their meanings are
described in kthe user manual (See Appendix A). The syntax of the
n0n=-CNBOL statements are defined by graphics (See figure 2-1}.
In the figures, the undefined portions, which are scecified Doy
the lewer case characte:s,' use COBOL syntax. The non-COBOL
statenents use the same special characters as the delixniters or
the terminators, A coantrol statement can be just a single
weed; it does not need any termination. According to COBQL
syntax, any COBQL sentence is led by a co=0L kevword and

terminated by a period.

Non=-COBNL statements include the "CALL" statement and the
"IF" structure which are already defined in COBOL. The keyword
of & non-COBCL statement must be different from that of any
coroL, The PDL "CALL" statement is identified by the Xkeyword
"KALL", The keywords "IFF" and 'END-IFF" are used to lead and to

terminate the PCL "IF" control structure.

4 2?DL centrel structure is built by two or more PDL control
gtaktatents, - Two essential statements are the structure-coen
and the structure-close statements. The selection control

strucsuzes inclucde a series of selections chosen bv checkiag
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their 1labelling conditions, These labelling conditions are,
therefore, respectively used as a marker for each individual

program texk,

decause there are more control structures than the three

basic types, the flow chart of the PDL control structures is

more flexible (See figure 2-2), The entrance 2oint and the exit
point of each control structure are the structure-open ané the
structure-close statements resvectively, The selecticn
structures contain more theﬁ one internal structures handled by
the labelling condition,. The intemediate control statements,
likxe *"ESLSE" of "IFF" structure cor ":selecticn:" of "CASE" and
"CASEB8"structures, express the meaning of the structure-close
statement and the structure-cpen statement of two neighboring
substructures. To eliminate the ambiguity of the nested "IFF"
structures, this structure must always be equiped with the two
substructures, The null substructure centains nothing; it iz a
cdummy structure (See figure 2-3). This cummy structure can alsc

be used in any 2?DL structure,
2,2, The Ecuivalent COBOL codes of each PDNL Statement

Wwith the imitatien avporoach mentioned in the last chapter in
miné, we cdefine the stancdard mocdules of a CORBCL equivalent code.
All the B2PDL statements will be translated on this basis, The
emnedded CC20L, which is used as the content ¢f a ?2DL controi

structure, will be directly comied into the ocutpu: huffer (a cata
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structure to hold the generated COBOL) without any translation.

Since the PDL preprocessor statements are used to substitute for
the existing CCBOL sentences, they can be converted to COBOL by
a specific methed. The COBOL codes of a preprocessor statement
will ©be generated in the output buffer when a preprog¢essor
statement is accepted by the :translator, The precedure of this
translation is only to copy words from the input statement or the

translation instructions to the output buffer.

The translation of the control statements is more
complicated than that of other PDL shatements, The control
statements are used to build a control structure, they decide the
precessing secuence of the cther two types of statements = the
enbedded COBOL and the preprocessor statements., The COEBQ0L codes
for the control statements are designed to paraphrase the control

flew of PDL control structures.
2,2.1, The control flow of the PDL control structures

In the figures of the contrel structures (See figurs 2-2),
the arrows indicate the control flow of the instructions. The
entrarce point and the exit point become the starting point and
th2 ending point of this flow, The direction of this flow 1is
always from the entrance voint to the exit peint, but it can he
altered by a given conédition. fhe entrance and exit noint, the

centrsl £low, and the conéition are important in rezresenting the



meaning of a control structure,

Since a control structure can be used as part of the bedy
of another structure, the nesting construct of the control
structures seem to procduce a more complicated control flow. But
The complication only occurs in the relationship and the
ownership of the conkral structures, The c¢ontrol flow will not
be further complicated, since any contrel structure can be
treated as a single unit of its own external control structure.
To an internal structuze, Ehe control flow always enters at the

entrance point and leaves at the exit poink.
2.2.2. The standaré CCBOL modules for the PDL contrel structures

The ‘"procedure division" is part of CORCL program which
centains the executing instructions, It consists of some
"oaragranhs®. Each "paragraph" performs some functional
cperations, it is recognized by its label name., The label names
are usually referred by a CCBOL "GQO TO" senktence, a "2?ERFORM"

sentence, or the sequential processing (See ficure 2-4).

In terms of translating 2?DL to COBOL, the importan: elements
ars %he label names, the COBCL "GO TO" sentence, and the CC20L
"I?" sentence,. The enkrance andé the exit point of a control
structilzre can ide represented by the label names. The arrows in
the figures become the "GO TO" sentences in CbBOL. The condition

to decide the direction of the arrows, or to pick up an arrow, is
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expressed by the "IF" sentence, For instance, the conditicn of a
POl "REPEAT-UNTIL" structure is located at the bottom of the
structure, m™he control flow is sent to the beginning label, if

the condition is false.

By comparing the previous design with many COBOL programs,
the ending label name seems redundant, But the enéding label 1is
essential to a conktrol structure, it represents the tasks between
two neighboring control structures. If there is nothing between
the ending label and the heqinning label of the next structure,
the control flow will simply pass the dummy "pvaragraph" named by

the ending label and enter the next “paragraph”.

£Each selection control (or CASE type) structure has more
than one internal structure, Only one of the internal
structures Wwill be selected on each execution, The control flow
from the exit point of each internal structure.must.be linked to the
exit point of the selection structure, The selection condition
is put at the starting position, A control flow, cor a branch, is

swWwikched to the next selection, if the condition is false,

The nesting case of the control structure is to inser:t a
"packad" COBCL paragraph into another one, The "GC TO" sentence
of the internal level will never cross the borders, the beginning
iabel and the ending label, In the selection structure, the "GO
T™O" sentences are still acktive within their beginning and ending

lahels of +the selacticon structure, The intermediate labels,



which identify the selecting paragraphs, will be referred to by

the "GO TO" sentence of the neighboring paragraphs.

It is important that a label must be unigque; a label name
can only be used once, In order to make the lakel names easily
identified and produced, the label names of the generated COBOL
are built by a specific format. The label names of a control
structure have the same numerical prefix, it is a three <cdigits
numbher, For example, the beginning label of a 'REPEAT-UNTIL'
structure which uses. the identification nuber '005"' is *J05-
RZPEAT,' ané the ending label is '00S-END-REPEAT.' In spite of
the ownership of a control structure, every structure has its own
identification number. The identification number of a structure

nas to be different from that of an internal one.

Zach selection structure has one or more intermediate label
names to identify its internal structures. Since these "internal
structures® are at the same control level within a select
structure, their label name shares the same identification number
with Ekhe =selection structure, The label of an "internal
gtructure” must be unique too. Therefore, a numerical
suffix of three cigits is used to indicate the "2né" of these
internal structures, For example, a CASE-EZNDCASEI structure whiéh

Zentificaticn

ree

ccntains four internal structures ané has the
aumber "007" will have the label names of "007-CAs:z", "0C7-iCT-
¢co1*, “QO07-¥N0T-Q02"%, "007-NOT-002", and "007-SEND=-CASE", There

ara four spaces partitioned by the five labels, the first and the



last label encleose the entire selection structure.

The designed COBAL eguivalent module of each control structure
and each preprocessor statement is 1listed in the user manual (See
Appendizx a). A comparison listing of the PDL statement and its
COBOL codes is used to explain the relationship between them (See
Figure 2-2). This listing will te referred to later to explain the
equivalence between PDL and its COCCL codes and the translation

semantics of the PDL statements.
2.2.3, The equivalence between PDL and COBCL

The equivalence of the control statements and their COBCL is a
notable prokblem. The embedded COBCL is simply copied into the
cutput buffer area. The Ppreprocessor 'statements are converted to
standard COBOL codes, they are only an easier way to express the
same meaning and there is no egquivalence problem. The control
statements, which are used to build the control processes on COBCL,
may cause an equivalence problem. This probleﬁ does not occur in
each individual control statement. A control structure is a basic
unit which requires no further dJ&iscussion, since a complete
structure includes the complete meaning of a control flow. A more
complicated probtlem exists in the relationship among the nested

structures.

For each individual control structure, the generated COBCL
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codes are designed to ohey the meaning of the control flow (See
the comparison in figure 2-2), Those CCREOL codes a:é defined as
the standard model for each PDL control structure, The spaces
enclosed by the generated codes are reserved for the incoming
progranmn texts. The label preceding a space becomes the entrance
of each space. The "G00 TO" sentences perform the control flow,
since they change the natural direction of the f£low. The meaning
of "control®" is decided by the "IF" sentences,. The equivalence
cetween PDL control structures and their CCBOL in the individual
structure level can bhe direetly compared to the contrel flow in

the generated COBOL codes,

Since the conditional expression can be very complicated, the
lecation of a generated conditional sentence is important.
Unlike other languages, CCBOL does not allow the adéing of "NCT"
to a "packed" conditicn to make it a negative, A COBOL <clause

"HEXT SENTENCE" is used to supplement this defect in COBOL.

In COBOL, the "NEXT SENTENCE" clause can be useé to fill a
dumry wart of the "IF" sentence. A COBOL sentence, "IF conditicn
UZRT  SEINTZUCE ELSE GO TO label-name.", states that if the
conditicn is true the next sentence after this "IF" sentence will
Se 2x2cuted, ctherwise the execution sequence will be brancheé to
tme szaecified label name. By using this model, all the control
$l2W shown in the figures can be exdressed in terms of CNR2CL (Sse

Apgaendix A and Eigure 2-2).



The equivalence of the individual structure can be veri
and the eguivalence of the nested structures can also be verified

en this basis, 1In the previous cdescriptions, we Xnow tha: the

w o¢f

o]

control flow of a structure will not affect the control £l
the surrounding structures, The nested structures in COBOL will
be equivalent, since all the individual structures in COR2L are
identical with their PDL counterparts and the relationship among
these structures in COBOL 1is the same as that amonc their

corresponding PDL structures,

2.3. Translation Design

By comparing the construct of a PDL statement with that of
its COBOL egquivalence, we found that the functions of the
translator consist of moving, concatenating,' and caomparing
character strings. These translation operations must be
appropriately managed by recognizing the end of a ®DL stategment,
the end cof a PDL control structure, and the end of an entire
PDL source text, The translator .baéically consists of sub-
routines ~ito perform the functions necessary for each PDL

structure.

The translation is performed on a statement by statement,
and structure by structure basis, The translator contains sonme
modules to verform the functions of character string
manipulations. The main part of the translator uses these

modules to achieve the desired translation.
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The outline of the entire translation is to load the FDL
statements one by gne into the translator, The transla:zor, ©ov
recognizing the atirikute of the input PDL tex:, uses the creorer
translation instructions to generate the desired CODOL coéz2z  in

the output buffer area. The input text and the desicned outruts

i

will Dbe held in data storages. They are only useé during =&!

-

HU
or

translation of a current input statement. It is important ==
some data be held longer, when for example these data are s=ill

Potentially useful within a control structure (See figure 2-5),

2.3.1., The translation semantics and

the translation instructions of each PDL statement

The comparison 1listing of a PDL statement ané CORQOL (3ee
Appendix B) provides a model for the translation of esach
PDL statemnt. The translation semantics is designed by
decomposing all the necessary operations which perform the
function of the translation procecures., Basically, thesge
operations are character string manipulations. A character
string can be a word or a single character;. it is separates fronm
other character strings by a blank or a delimiter. A delimiter
usually 1is a special character, such as parenthesis; it is

recognized as a character string during translaticn.

The translation semantics is the blue print of the
translation, The semantics is manually defined without a forzal

format, it can not be directly referred to by a computer procram.
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A type of translation instruction is defined to exrress

b

translation semantics by a defined format. an instruction

performs a specific function and it is also a command to exscute
a submocdule of the translator with parameters, An instruckion
set consists of some instructions and a termination, The
translation of two PDL c¢an share a sst of translation

instructions, if their translation procecdures are similar.

The format of the translation instruction includes a cormané
word andé four parameters. The command word is a verb which
indicates an action. The first and second parameters céefine the
input and the output storages in the translator, These &wo
parameters also define the meaning of the cdata flow. The third
parameter takes thirty spaces to specify a predefined character

string to be referred to, The last oparameter <defines the

decision of branches,

There 1is no label field in the format of the translation
instruction. The translation instruction will be identified by
its index number., Therefore, all kinds of branches ars cdefined by
computing the value of the instruction pointer with a civing
value. In normal cases, the instruction pointer is alwavys
increased by one in order to get into the next 4instruction, -3

condition Dbranch occurs when two character strings are compared

and found that they do not match.



2,3.2. The execution flag of the translator

The execution £lag of the translator provides cgommunia-
tion between the inside and outside of the Eransla-or.,

It reflects the status of the peripheral jinterface ané

ir

'...
)

(M

(%]

management of the submodules, The result of performing ths yin,
routine will be reported to the translation monitor by this flac.
The execution result of each translator submodules is obtained =v

the translation moniteor to decide the next step of operation.

All the control units of the translator use this flagqg. In
the beginning of a input statement, the instruction peinter will
be reset, Storages are cleared or held for the current control
structure, At the end of an input, if a PDL statem2n:t 1is
incomplete, the 1I/0 routine is called to fetch the nex: input
line, The instruction pointer will not be changed, it will

simply continue the unfinished part of the translation.
2.3.3, The software technigques used to design this translator

Based on the requirements of this systems, some scf:ware
techniques are essential to build a flexible and efficient
translator, The flexibility of this translator is to deal with
the possibility of changes in the translation semantics, The
efficiency of this translator is to provide a better user

interface. The following decription will express how these

technigues work,



The input ané the output reguirements c¢f£  PASCaAL are
different from system Lo svstem. The data transportation axmong
the translator ané its peripheral mocdules is isolated from the
regular operation o¢f the translator. Two subprograms of the
translator are used to o these transportation tasks, One is to
load in ?DL input taxt, the other is to write the formatted CO30CL

codes into cutput lines,

By isolating the data transportation, the data structures of
the input text and the output code can be defined in a fixed
format. A card format of eighty character is used,
since it 1is the meost popular data format. An output buffer,a
working storage of the translator which will hold the unformatted
temporary output, is defined as a string of two hundred and fifty
six characters. Therafore, the data flow in the translator
begins with the input line of the card format and ends with the

output buffer,

Other than the I/0 submodules, some basic submocdules perform
the simplest <functions of character string manipulation tasks.
One 1is to fetch a word from input line and to place it into a
temporary store, The others are to move a word or to attach a
word from a store to another store, All these submodules are

called basic, because they are used by other submodules,

The rest of the submodules in the translator correspond to

the <defined commands of the translation instruction, The
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translation instructions are defined from the kranslation
semantics, they perform the translation operations within the
translator. The main submodule of the translator refers to the
proper instruction by the instruction index, and each instruction
advises the main submodule to pick up a submodule to do a step in
the translation process, The parameters of the instruction will

be used by the called submodule,

The table-driven technigue provides a changeable envizonment
for the translator by converting the translation semantics into
a translation table, This isolates the proolem of different
translation semantics from the translator. The table-builder
module stanés on the same level as the translator:. it always
converts the translation methods into tables for the translator.
The translation instructions read by the translator are not in
their original formats; they have become the translation tables,
Turthermore, these %ables will be copied into the translator as

its internel tables,

The oproblem of manacging the nesting of the PDL control
structure during the entire t:ansla;ion can be resclved by usinc
a2 stack 2o holé the translation data on each control level, A
stagk is a first-in-and-last-out data structure, The cata saved
=he aarliest will he the last ko gec; the lastest saved data will
fo1s) erased firstk, The nature of stack agrees with Lhat of the
centrol structure, The translation data of the current control

structure 1s kemt on the "kop" of the stack, this data will be



discarded when it exits from the current c¢control structure

Eigure 2=6).

(See



Figure 2-1: The Syntax of PDL Statements

——ee?  COBOL e

l—> non-coBor. —

The COBOL sentences uses their original syntax:
-3 COBOL keyword T? sentence test T > o >

v

The non—-COBOL statement: —L—: preprocessor statement
control statement ﬂ’

The preprocessor statements:

———> KALL ————> program name —> ( parameter ) —
T pes T
> SET-ON data name 7
ey SET=0FF
b ENABLE =——e———3 data pame —> ( index name ) —>l
3 DISABLE - of array ’ J

The control statements:

> IFF » ( =—>» condition ==» ) ==> internal structure |

Lo ELSE —> internal structure —> ENDIFY 'S

> CASE =p { == data pame => ) }

’—$—> : selection : === intermal structure 7—) ENDCASE =

wmemensp CASEBS -’? : selectiom ! =—> jnternal structure T ENDCASE ===

oy WHILE == ( ==> condition ==» )

-

l—) internal structure —> ENDWHILE

ey WHILENOT «=d ( «=> condition = ) i

I—i internal structure =+ ENDWHILENOT ,

e REPEAT ===» internal structure ]

L UNTIL => ( = condition =—> )
’hu,\



\“"l'l - e b - ll|l'll|'ll||ll'll.|ll
" IR~ (N { _
“INAGERI-InU QL 0D )
: asT i _.
JNIGRI-GRE- W QL 0D : asyey !
uoTITPUCO 31 " ( uoTaTPUCO ) TLINN ! uoT3TpUcy fa
_“ m
| .
m '
[}
2In3onI3s amjoniis ' 2IMonTys 1
Tewiajur Tewrajur u. Tewrajut !
. ' i
. ' H
* LA TR - LvAdTy Y L :
10400 1ad
aanj3onIls TILNN-LYIJIIAY YL :[1-Z-7 =2anbta
21100I9S 2IM3oM3s [ i R
TPUIaquUT e o TOIW0D © ¢ ar axmyaaas | ! ammjonnys
Jo 31¥® 10 JO 11%9 10 HoT3ITpuo) TeurDjuy . To17UC00
_DIULAUD anueajua Blyssenad ¢ !
H .ﬂ-olﬂﬂ—ﬂ.—a L) Bima e e By &

*saanbry ayy utr syoguds =y jo suorydrioseq

soouateatnba qoapo paubrsag 9yl pue
Jr1ey) MOTJ ITIYL YITM ©82aNn30NI3S [0I13U0) Idd 94l :Z-Z aanbrg



27

“JONCT TTHM- N -umu

MO I O, 0D

DANJIMNIYS
1euaajuy

SFONCTTITIM-aNGI-wn QL 09

UOTITPUOO 41
“JONZITHiM-umiu

LONCT TTHMONT

aanjomgs
Tewrajut

( UOTITPUCO ) JONTIIIM

10800

" T ITHM-QNET-unu
“TIIIM-UW QL 0D

aamjonas
Teuwsajuy

P TTINM-ONE-UNY O, 09

Tad

TTIHMaNT

- 21mjona)s
Teuxajur

asTa
AONGINAS JXAN
uoT3ITPUOD 41
“TIIHM-wnu ( vOTITPUOD ) FTIIM
1000 'Jad

2a1n03ona13s

aanjoniys
Tewtajut

_
!
[
j

el Smamerm w o " e tmmen g s?

-
e T T o S

i
1
1
'
1
1
!
1
i
]
I
!
!
|
L]
!

\ b Y
' ;
1
_ :
]
i aanjonays m
m Teuadyur ;
H *n !
: 1
‘ onry :
P :
i . i
m m.um.:.uh F-OMU._.—UCOU b
i )
- e e e g W

ATINMANA-ATIHM PUL :g-¢-7 2Inbtg



* A4 T-UN-my
*dA[-UN-unu o, 09

2anjonays
1eurajut

“JON-JAT-unu
"AAI-aNH-unu i, 09

2In300I3s
Teursjut

“JON-J4I-unu QL oD

JITANA

amjonns
Teuxajuy

as13

a.mjonns
Tewrajut

s
JONITNAS JXIN
uoTITPUoD 41
* dJ1~unu ( vorytpuno ) Jar1
1000 *Id

frwamcoasmeecases o

a Ot St e iARser are n e semas e ts T e ar
-

2amjonys
Tewrauy

amjonns
Teuwaajut

51n39n115 JITANI-FSTI-JIT B4l ip-g-¢ 2anhrd



SV~ Ei-uny
* UuU- O -unu

USVO-UIL- M QL 0D

0ANJoOMIls pruaajul

“uuu-Jot-unw QOJ, 09 JSTd
IOBDUTS JXIN

U-UGTIDBTDS QL TIVNTE sweu eaep J1

LTTTTIT g S BT AT
sASvVo-ar@-wnu Q1 09

SUOTIDDTIS DICul

2IM3ONI]S
Tewiaqut

*200-JOoN-umu Q5 09 JSTI
B LES LX3N

£-LO130919S QL NNDF swreu ejep Ji

" 100-10N—unu
*ASYD-QNI-UNU QL 0O

2mM1onIls
Teuxsjuy

- 100-JON-UMU QT 00 ISTI
IONCUNTS IXAN

T:Oa.unuc_cm QL Ivnida owed viep JI

aAsvoang

2IN1oNI3S
Tewr2ut
! UOTIDITIS ISET

SUOTIO9TasS 2aAU

91M3OoNIAs
TeuxaquT
: ¢ UOTIDDT3S

2IMNJIONI]S
T 1ewaajut

: [ UOTIDOTOS

*ISYD-umu (oweu e3ep) ASVO
TIOE0D "1ad

2IN30NI1S FSYOANI-SUOTIDDTIS-ISVD oYL :G-7-7 2anbta

S maanmes T e At 8 HE s LM BB RE MY P BAS S gy B B AE SN e eSS A S e e

[

L

as1MIaYI0 )

2INj0oNT}S ‘

Teuxaqur
uotyoatas asey

SUoOT)09Tas
2aau

21M3oNIT]1s
Tewrajut. -

¢ UotT]Oo9tes

2JNYINIIS
Tewxajut \

1 uor31d37as

rd

. NS S SIS SIS FPEES B AP IB ESERI M CTEASE S SAIE S Y RASE B4 S W SA S B s BasssssasEsamemn



30

TRRUSV) U CI-ug
UL oM PR —— o G BRI G
" BUASVO-UIEI-I (ol (D) BUHSVOUNT ' o\ ¢
i asTMIBYO ;
amiyugs 2I30na3s m 2an7oNI]s ;
TeuadguT Teuzajuy ' Teuraqut N i
ﬁ 1
' aueu eje qs :
TUUU-JON-WNU OF, 09 9STd ’ ' ejep gg iser g
AMELINGIS (XN ;
aweu-viep-gg-isey Ji1 : :
~URAN- [ON-UmU ] i
" 883ASVO-aNI-umu QI 09 ! aueu-ejep-gg-aser ¢ !
. : : SUOTJ0o[3S :
SUOTJI0D[9S dacw SUOTJOITOS 2I0W * ! axom '
' H
21n)on13s amjonals : :
Teuzaqur Tewra3ut !
' . !
- anns :
*Z00-JON-U O, 0D ASTA P [\ i ;
JONAINIS LXAN ; : . ”
Z-ureu-vlep-gg JI “ ¢ Sweu ejep gg :
* 100-JON-unu i :
883SYO-aNI-wMU O, 0D ! g-suru-ejep-gg : : '
- [ a
' J/ :
21njona)s 2In3onIys : SIS
TRUIDJUT g Tewrajut m Tewxajuy j m
: 1 2weu ejep gg !
‘T00-JON-unu 1, 09 ISTA ; :
HONJINGS IXIN - " :
[-dureu-ejep-gg A1 ! [-aweu-ejep-gg . 4 !
; :
' .
" ISV 9ISV * u

"TOd00 10

9IN30N11S §RISVOANIA-SUOTIOD[95-gRASYDI BYL :9-Z-7 2anbt1a



31

* JJ1-QHE-um
A L-QrE-uni QL 0D

DANYINIYE  [LUADHUT

. tJON-JAI-unu
* AJ1-AIE-um O, 09

TLON-JAT-unue O 09 3ISTH

JA1anA

2aOMIIS  euxajur

a5

butipou

GOMIINGS JXIN
UOTATPUOD JT
" dAT-uihu (UOTITPUCO) T
10800 1ad
- 43T -QNE-unu
- JAT-ONg-wnu O, 09 arad
- LON-43T-wnu bunpou
4573

"JAI-aNI-wu 0L 0D
2INIoNI3S feuxaquT

“JON-JA4I-wnu QF 09 d573a
ANEINGES JXEN
UOTITPUCO JT
" J3r-umu

2INIONIIS TeUISIUT

(UOTITPUOD) JAJX

10800

144

2INJonays
Tewrajur

wew w s mess e ne s remen wga”

H
|

]
!
:

“.

{

¢ .
i asTes
t

R e e TR |

a2ImjonIls
Teuzajyur *

UoTITPUCO

WMaP VT RISt sem s mmaw .

LY

anm mmtre mes e Basws E o

oS m=rerimscasra - w m— m

aIn3onayg Hﬂ._umﬁ.:m TINN ® U3TM 2an3onals 30a1as ayl, :f-¢ 2ambta



Figure 2-4: Control flow Shown on a COBOL

COBQL Sentences

T T T — T ———  —— ——

PROCEDURE DIVISION.
OPEN INPUT FILE-IN, OUTPUT FILE-OUT.

WRITE LINE-QUT FROM HEADING-LINE
AFTER ADVANCING TO-NEW-PAGE.

MOVE SPACES TO LINE-OUT.
WRITE LINE-OUT AFTER ADVANCING L.
MAIN-ROUTINE. |
READ FILE-IN AT END GO TO STOP-RUN.
MOVE LINE-IN TO LINE-QUT.
WRITE LINE-OUT AFTER ADVANCING 1.
GO TO MAIN-ROUTINE.
STOP-RUN. |
CLOSE FILE-IN, FILE-OUT.
STOP RUN.

Procedure Division

Control Flow

seguence nexs

seguence - next

sequence = next
sequence - nex:
seqguence - next
sequence - next
conditional branch
sequence - next
sequence - next
unconditiconal branch
sequence - next

sequence - next



Figure 2-5: The Outline of the Translation

o

(transliation inst-ucticns )
referred by

. feteh PDL oroduce CO30L
(LIaDut ares )=—————— | t;ansmlato:- ) m— cUTDUT 2re2 )

lus ing

Figure 2-6: How the "Stack" data structure manage the
translation of the nesting control structures

The nested PDL nested the stack the stack
control structure __level data storazs sgintex
IFF (conditio:‘z) 1 f /—E
statemen:t -1 . |
WHILE (condition) 2 c i
statement 2
IFF (condition) 3 =
statement 3
ELSE 3
statement, 3
REPPAT 4 —=]
statement b
USTIL (condition) b -
statement 3 ""—’—EI
INDITT 3
statement 2 & E
EIDWHILE 2
statement & «— E

ZiDIET 1



Chapter 3:
IMPLEMENTATION

In the design phase, the authors defined a type of Program Design
Language (?DL), the COROL equivalence of the PDL statements, ané
the process of the translation between 2P0L and CCROQL. There are
some translation principles and software techniques suggested in
the design phase to achieve the expected translation results.
These methods and principles are to isolate input/outout problems
from the translator, to use the tahle-driven technigque to make
the translation flexible under different environments, and to
use a "stack” data structure to manipulate the data during the

translation of the nested PDL control structures,

There &are severa: steps to accomplish these goals.

First: the data transportation of the translation are defineé *to

s

r
=)

mplify the input and output interfaces of the translator ané

itz gerinherals ané to standardize the data transmission wikthin

the translater. The data flow within the translator is isolated

£rcm tihe peripneral, Second: the translation tables are macde to
increase the mcdifiabilty of the translator. Thiré: a "stack” data
structure is cefined to nandle the nested 20l control

struictures,

In this chapter, there are three sections to cdescribe the

( 34)
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entire process of the translation and the performance of this
task., The input/gutput isclation and nested control structure
manipulation, which deal with the subjects of data flow and
communication among the translation modules, are discussed in the
£irst section, the translation outline, The creation and
comstruction of the translation tables are described in the second
The construction of the translator is introduced in - thée--last
section and the execution and the performances of the translator

will be discussed.

3.1. The Translation Qutline

The figure of the translation outline (See figure 2-§)
defines five modules and four relationships, and illustrates the
basic translation operations, The relationship among these
modules determines how the "worés" of an PDL statement flow among

the system meodules and how these "words" are translated,.

The purpose of using the techniques introcduced in the design
Pnase is to simplify the function and the construction of the
translator, Therefore, the noce of translation can be easilvy
nodified by leading new translation semantics into the
translator, The change of the translation environment -
the ex2cution of the translator under different computer systems
cr the emplovment of the translator as subsystem of a svstem -
“ill not have any 1impact on the normal overation of tais

translator, because the simclification of the translator tends to



isolate the volatile elements from the translator.

3.1.1, The data transfer between
the translator and its perinheral

The five "boxes" in the figure of the translation outline
can be divided into two levels, The "stack” and the translaticn
tahles are actually varts of the translator, The input area
and output area are usually system data stores: they are dif-
ferent form system to system. It is important that the medium
of the data transportation between these areas and the trans-

lator must be fixed.

First of all, the éata structure used tc load PDL statements
into the translator and ¢to unlcad the COBNL code from Lthe
translator is only a "card" format structure, an array structure
of eighty characters. The "loader” utility of the hos% computer
svstem will take <care the data transportation between the
translator and the input/ocutout area by using the "caré" fecrmas
structure, There are two stores defined in the translator, the
"inTut-line" and the "output-line®, to tenvorarily holé khe
currently accepted and vrocduced cata. These cdata stores can alsc
22 kreated as the beginning roint and the ending zoint of the

cata £low within the translator.
2.1.2, The fata flow wi-hin the translator

Since the lencgth of the cutnut COZ0L codes alwavs euc

D
(0]
in
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that of the PDL input statements, a "buffer" storage is prepared
to keep the entire output codes of an PDL statement before thev
are loaded on the "ocutput=-line®, This "buffer" area is defined as
an array of two hundred and fifty six characters. 2An ‘"editor”
subprogram of the translator converts the "buffer”™ contents intoc
COS0L-oriented format and loads COBOL codes on the "output-line®

one by one,

from the "input=-line® toc the "buffer®” or the T"output-line”,
a "word" type of data structure is defined as the basic
translation unit, The "word" type data structure is an array data
structure of thirty characters, since all data names can be up ko
thirty characters in CCOBOL, The unused portion of this éata store
is filled with blanks., A "word" defined in the translator can be
a COBOL data name, a wordéd from the PDL statement, an overator in

CCBCL, or a delimiter,

turing the translaticn to an 2DL statement, a "woré" is
fetched Dby a subprogram of the translator and put into a data
store, the “"temp-word"., The content of the "temp-woré" will be

rrecessed by other subprograms of the translator to produce the

ph
D
ta
-
LA ]
o
[+ h

outputs, The content of a "stack" entry hold the semi-

0

q
ry
0
'
(9]
P 2

0f the translation,.

The “input-line® is not the only area which provides the
translaticn source. The translation tables also contribute

some data for %trhe translatcr. The cdata flow within tre
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translator starts from the "input-line” and the translaticn
tables, passes the "temp-word®", the "stack" stores, the

"ouffer", and ends at the "output-line" (See figure 3-1 and 3-2).
J.1.3., The "stack" data structure

The function of the "stack" data structure has already
been introduced in the last chapter, The "stack" contains ten
entries (See Appendix C=-2). Each entry has ten pairs of records,
andéd each record has an individual store to hold a "woré® and a
counter to tell the length of this "word", Seven <f the ten
stores are designed to be used by the PDL control statements, the
other three stores are used to convert the PDL presrocessor

statements and to copy the embedded CCBOL,

The "“stack® is defined as an array data structure. The
entries are be referred to by their indices. A "stack pointer"
holds the index number of the currently useé entry. At the
Seginning, the "stack pointer" points tc the first entry, all the
stores in this entry are c¢leared to blank, anéd the counters are
set to zero, When a "word" is loaded into one of these stores,

the counter will recoréd the length of this "word®,

When appending a "word" to one of the stores, the subprcgram
will aéd the lenqth of the incoming "woréd"” to the counter. If the
tornal lenath exceeds thirty characters, the maxinum length of the

stcre capacity, an error message of 'storage gverflow' will be



encountered andéd the translation will be terminated due to error.

Since an open statement of an PDL control structure will
increase the "stack pointer” by one and the close statement will
decrease it, this pointer can produce two types of errors, When
the pointer is on the first entry and an PDL close statement is
reard, this maey cause the error of 'stack underflow.' When the
pointer is on the top entry, the last available enktry, and an PDL

close statement is read, this may cause 'stack overflow.'

3.2. The Translation Tables

The translatien tables are the bases of the translator thev
sunervise the process of the translation. These tables include
the command table {(command table), the commané address table
(address table), and the instant character table (string table).
Toe the translator, the translation tables are the coded‘ve:sion
of the translation semantics (See Appendix 3). The translaticn
gsemantics will be coded by using the format of translaticn
instructions (See Apvendix 3). A TABLE-SUILDER program produces

these tables by using the translation instructions,
3.2,1, The translation instructiens
The translation instructions (See Appendix D-1) consist of

five fields to express a single step of the translaticn process.

The £fields are the "ccmmand", the "source storage name®, the
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"target storage name", the "branch index®, anéd the “instant
character string®, The first three fields specify the name of a
subprogram or a store 1in the translator. The fourth field, the
"*branch index", provides a constant wvalue to change the
translation status, Each of the four fields takes ten characters.
The lact field, the "instant character string®", which may contain

a COBCL cata name, 1is thirty character long.

The "command" field defines the subprogras in the translator
to perform an operation by dsinq the parameters specified in the
rest of fields (See Appendix C-l1). The “"commands" can be
classified into the LOADERs, the CONTROLLERS, ané the
INSPECTORS, The LOADERs use data from the "source” fielé anc
preduce data to the "target" field, The "controllers®” conduct the
cperation of the translator, The "inspectors®™ change the

ooeration of the translator by comparing the contents of tweo data

The ‘"source storage” ané the "target storace" define tha
data stores of the "temp-word", the "buffer", or the ten data
stores cf each "stack" entry (See Appendix C-2)., All *he
cracessing data are kept in these stores, These two fields may be

cmitted when a command does not refer to anv data store, or when

3 “a store defaults., Most "controllers" are defined to maintain

or

the counter or the flag variablas,

The "branch index" contains a numeric value within the rance



41

from =99 te 99, and it changes the translation sequence by adding
this 'value to the instruction pointer when the process of the
current instruction £fails, The translation will be completesly
terminated, if this field is 29, A posigive value will skip some
instructions, a negative value will set the instruction pointer
back to a previous instruction. The instruction pointer is always
increased by one after the process of an instrcukion, a backward

branch to the fifth step prior to the <current one must ke

specified by a negative number six in this field.

The "instant character string" specified in the last field
of a translation instruction is the "read only" data of the
translator, The possible names defineé in the two data storage
fields are the twelve data stores which can be rancdemly used,
they are coded by the number from one to twelve, There are
eighty-seven other stores defined in the translator &to hold
these strings, they are coded by the numbers from thirteen to

ninetv-nine,
3J.2.2. The construct of the translation tables

The table-builder program (See Apvendix D-2) uses the
translation instructions to produce three translatien tables in
senaraktz: files, The translatoer reads thesea files into its
irternal data structures, The translation mode can be modified bv

lcading new translation instructions into the “table=builder”



program to obtain new translaticn tables. Thus, the problem of

different translation is isolated from the translator.

The "command table" contains four numeric values in each
entry. The “"command" field has the code of the translation
command of a translation instruction., MNext to the “"command
field,” the ‘source field"” is the code of the "source" store
nane, or the index of the "character string®”™ of a translation
instruction. The third field is the code of the "target” store
name, The branch indexz in Ehe translation instruction is copied
into the last £field, Anvthing undefined 1in the translation
instruction will be complemented by zZero (See Appendix D-3), The
"command table" is defined as an array of three hundred entries

in this format.

The “address" table is also generated from the translaticn
instruction (See Apvendix D-4), The "table-builder" program will
write a PDL keyworé with the current index derived from the
listing of instructions, when the instruction has "XEYWORD" in
the “command" field., The PDL keyword is specified in the last
field of this instruction. The counter does no:t increase the
index for this instruction, since the data of this instruction is

not used in the "commandé" table,

The "string” table has eightv-geven character strings £ound

from all the translaticn instructions (See Appendix D=5). The

uaused entries of tais table are hlanks. Any character string can
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be reached by its index in the array structure, To save
storage and to reduce the size of this table, the same character
string found from different translation instructions share the

same index.
3.3, The Translator and Its Performances

The translator is a computer program coded in PASCAL (Cee
Appendix E-1), The outline.of the translation and the major cata
stores of the translator have alr=ady been introduced in the
early part of this chapter. The construct and the operations c¢f
the translator will he described by using the data flow within

Lhe subprograms of the translator,
3.3.1. The flagcs

First of all, there is a flag to reflect the status of the
ingut area. An “unfinished" status occurs, when the end of
"innut-line™ is encountered and the translaticn of the current
DL statement is not finished, The translatcr will retain the
current translation result ané read another input to continue,
IZ the translation of a ?DL statement is done and there still is
cther PDL statements on the same "innut-line”, The translatcr
precesses  this statement as usnal, This flag does nct actually
exist in the translater; it is just the counter of :4e *input-

line™. However, the status of the "inosut-line" has no inpact on



the status of the translation.

The translaticn flag is a numeric variable, it is zero when
the translator starts to translating a PDL statement. An error 1S
encountered when the flag centains a value c¢reater than zero. If
so, the translation stops and an error message 1is ejected. A
translation s nermal when the flag value ends up with zerc.
(This flag nhas the initial value -1.) At the end of the "inpuk-
line", the value of this flag turns -2. It is reset o =1 to
centiaue the translation, At the end of all PDL tex:-, this flag

caontains the value of -3,

3.3.2, Data flow

Eaving read the contents of the translation tables anéd set
the initial wvalue to all the working storages andé flags, the
translator starts to request the input ?DL text. The system
locader puts the PDL text in the "input-line” and a "get-word”
subprogram copies the first "word” from the "input-line® tes the
temrp-werc". The "get-weord" subprogram takss the ocerater or the
dalimiter as a "woré", For example, "IFF (COUNTER ZQUAL S9)" is

the =same as "IFF(COMHTER EcCAL 99 )", 7This text contains six

€ince the first word of a PDL statement is the kevword,

u

reccgnizer” subprogram identifies the tyme of this "word"., I

(N1

Th5il3 "werd" is not found in the "address tahle", Lthe current P

U
[l
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statement is COBOL sentence. Thetext will be copiled until a period is
read to indicate the end of this COBOL sentence, CQtherwise, the
acdfress cbtained from the “"address table" will be referred to as
the starting index of the translation instruction which 1is

defined in the "command table",

From the starting index of the "command table", the
translator uses the translation instructions to translate the PDL
statement until an 'ENDUP; instruction is processed. At this
moment, an "p-endup” subprogram edits the contents of "huffer® to

the "output-line" and puts '0' into the translation flag,.

The outputs held in "buffer” are basically all upper case
character or numeric characters, The lower case characters 'a,'
's5,' 'ec,' and 'd' are used as the editting control characters,

he 'd' is blank, since there is no blank written to “puffer”.

Thae first blank found in the buffer tells that it is the ené of

r

uffer contents,

The "command table"™ has ten kinds of translation commands,
thaere are ten subprograms cefined in the translater to perfornm
ch2 function of each correspending translation cemmand in the
smmand tatle”, The data "loader” suberograms do not directly
~raocess the related data; there are some subroutines cdefined in
znslator to serve the "loader” subpregrams., 2Alzest all the

suspreofrars will chance the value of the translation flag to
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terminate the translation or eject an error.

3.3.3. The result of tes:t run

The two major modules, the table builder pregram and the
translator, were modified for the purpose of testing, Sach program
@will list all the results during processing. From these listings,

we can verify their correctness.

The listing produced from the table builder pregram includes
gvervthing in the three translation tables. Zach line of the
listing includes all the original fielés of a translation

instruction and the code of these fields. (See Appendix D-€),

An  example of PDL input text is listed in User ¥anual (See
Appendix E-2), The translator uses this text ta generate CORCL
cocez in appendix, (See Appendix E-2). The translater also
provides a dump listing of the variables during execution {See
Aopendix g-4), Whenever the translation is changed, the

translaticn tables are updated,
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Chapter 4:

CONCLUSIOCN

Using the Program Design Language (PDL), &the structured
oreqgramming technigue can be applied to COBCL without changing
ke compiler, The programmers can be free from using a
insufficient language feature for complicated legic, The computer

zrocram Wwill be more easily understood and modified,

The @nierarchically arranced control structures allow the
nrogram designers and the users to approach the solution of a
civing preblem with "stenswise refinement"”, The complicatad locic
desicn can De simplified bv hiding the details in the deeper
lavel ¢f contreol. The various tyoes of control structures make

the logic clearer,

The "CASE" structure extends the selection ontions tc Tore
then :=wo, The COROL has only the "IF" statement to do a binary
selsacticn, the "CASE"™ structure replaces a bunch of CCEOL "IF"
gtazatents with more selections, The special structures, the
"CLETIT" structure, is an aé hoc design of CORBCOL. The CCRGL "82"
1tval iata name can be directly tested lite a hboolean variable,

The translaticn design employs some technigques to isolate

th2 volaktile cconditions from the translator. A simply Dbuilt
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computer program tends ko be less prone to error ané more
efficient. The translator itself, besides doing the job of the
eXecution management and storade maintenance, is a simple
machine to perform the £unctions of character string
manipulations, This design makes the translation more flexible

and easier to avoid errors.

The translator is restricted under some conditions, such as

‘r
1]

depth of the nesting level of the PDL control structures and

(r

h

he maximum length of the ocutputs. These restrictions can be
chanced by increasing the constants if the translator program.
wwhen the host system can provide enouch memory space, this

oroblem can be solved,

In the subprogram which is to fekch a PDL input tex:, there
are two control characters cdefined to delete the previous
ciaracter or the entire input line. This design is speciallv
éerne for users who uses this translator as an interactive svsten.
nis subprogram can be modified to fix the change of input

snecification,

The translation return code can he used as a communicaticen
tz¢cl with {ts surrounding modules, when the translator is
arpleoyed as a module of a system, In this case, the subprograa of
fatching PDL  texts can be reduced, The module which used the

translator can based on this code to do a decision.
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The current PDL does not irclude a "DO" lcop, but this feature
can be added b y coding the translation instructions for this
structure. There are more special types of control structures
possible. For example, the "EXIT" statement c¢f "WHILE" loops or a
"WHILE" control with a "DO" 1loop is a good feature. To put these
structures into the current FDL may cause more worl on the
translator and the construction of the translator will ke further

complicated.

The translator does not process the 1lcgic decomposition of the
conditional expressions. Therefore, we have to do some unnatural
translation to make the antithesis of a conditional expression. To
solve this problem will involve more 1logic problems, since the
complication caused by having different expressions is totally
unpredictable. The method we have developed to solve this problem
is not a difficult one to work with.
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1. Keywords, Delimiters, and Symbols of PDL

The PDL statements consist of COBOL and nonCOBQL stakemenkts.
The COBOL statements use their original syntax, they &aze not
described in this manual, The PDL (the nonCOBOL pocticn)
statements are recognized by their leading word (the kewvwerdl,

and using special characters as the delimiters.

1.01. The PDL keywdrds include:

KALL

ENABLE, DISABLE, SET-ON, SET-QOFF,
CSE.O LY END‘CASE;

CASES88, END-CASESS,

IFF, ELSE, END=-IFF,

REPEAT, UNTIL,.

WHILE, END-WHILE,

WHILENOT, END-WHILENOT

1.02, The PDL delimitérs include

blands, commas, colons, parentheses, and periods.

1.03. The valid characters used in PDL statements can be:

. The alphabetiéal characters:
‘A' e @ |z'

The numberical characters:
IOI % lgl

. The delimeters: :

1 1, |’| (| |)| LI

. The COBOL operators: |
l+l 11 141 l/l gt

- w N | ol
L]
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2. The Translation Mode of PDL
The PDL statements (nonCOBOL porticn) can be c¢lassified into
the <control statements and the preprocessor statements. Thege
are five PDL preprocessor statements to substitude the worzdy
COBQL, and the control statements form the six PDL control
structures.
The five preprocessor sktatements is:
'RALL', 'SET-ON', 'SET-OFF", 'ENABLE', AND 'DISABLE'
statements,
The six control structures are formed by the fourteen P2DL

control statements.

The 'IFF' sturcture includes the
'IFF,! 'ELSE,‘ and 'END-IF' statements.

The 'CASE' sturcture includes the
'CASE,." '":<VALUE>:,' and 'END-CASE' statements.

The 'CASES8' structure includes the
'CASE 88,"' ':<VALUE":,' and 'END-CASES88' statements.

The 'REPEAT' structure includes the
'REPEAT' and 'UNTIL' statements.

The 'WHILE' structure includes the
'WHILE'and 'END-WHILE' statements.

The 'WHILENOT' structure includes the
'WHILENOT' and 'EZND-WHILENOT' statements.
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2,01. The XALL statement substitutes CQBOL &ALL sentence,
The cede: KALL <pgm-name> (<parwm-1>[, parm-n])
will be translated as below:

CALL "<pgm-name>" USING
<parm=1>
{parm=-n].
Example: In COBOL data-division defines:

01 PASSING-DATA.

05 FORMAT-CODE PIC X.
05 PAGE-LENGTH PIC 99.
05 LINE-WIDTH PIC 999.
05 DIAMENTION PIC 9.

And a sub-program is named as 'BUILD-FORM'
When input statement is:

CALL BUILD-FORM (FORMAT-CODE,
PAGE-LENGTH,
LINE-WIDTH)
Its output code will be:
CALL "BUILD-FORM" USING
FORMAT-CCDE

PGE-LENGTH
LINE-WIDTH).

2.02. The SET=0ON statement assigns a pre-defined value in the
SET-TO-ON data name to other data names,

The code: SET-ON <DATA-NAME>
will be translated as: MOVE SET-TO-ON TO <data-name>,
Example: In COBOL data-division defines:

01 SWITCHES.

05 SET-TO-ON PIC 9 VALUE 1,
05 SET-TO=-QFF PIC 9 VALUE 0.
0l VALID-SW PIC 9 VALUE Q.
88 VALID-SW-OFF VALUE 0.
88 VALID-SW-ON VALUE 1.

When input statement is coded as: SET-ON VALID-SW

Its outout code will be: MOVE SET-TO-ON TO VALID-SW.
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2.03, The SET-OF% statement assign a pre-defined value in the
SET-TO-QFF data name to other data names,
| The ccde: ‘ SET-QFF <data-name>
will be translated as: MOVE SET-TO-OFF TQ <data-name>,
Example: In COBOL data-division defines:

01 SWITCHES.

05 SET-TO-ON PIC 9 VALUE 1,
05 SET-TO-QFF PIC 9 VALUE 0,
01 VALID-SW PIC ¢ VALUE Q.
88 VALID-SW-QFF VALUE 0,
88 VALID-SW-ON VALUE 1.
When input statemetn is coded as: SET-ON VALID=-SW

Its output code will be: MOVE SET-TOQOFF TO VALID-SW,

2.04, The ENABLE statement assigns a pre-defined value to the
data items of an‘'array structure,

The ccde:
ENABLE <array-name>(<index-1>{, <index-n>])

will be translated as below:

MOVE ENABLE=-<array-id> TO

<array-id> (<index-1>)
(<array-id> (<index-n>)].

Example: In COBOL data-division defines:

*a

01 MISC-VARS.

05 PIRST PIC 9 VALUE 0.
05 SECOND PIC 9 VALUE. 1.
05 THIRD PIC 8 VALUE 2.
05 FOURTH PIC 9 VALUE 3,
05 ENABLE-EXEC PIC 99 VALUE 99.
05 DISABLE-EXEC PIC 99 VALUE 0.
0L EXEC OCCURS 4 TIMES PIC 99.

When input statement is coded as:
ENABLE EXEC (FIRST, SECOND, THIRD, FQURTH)

Its output code will be:".
MOVE ENABLE-EXEC TO
ENABLE (FIRST)
ENABLE (SECOND)
ENABLE (THIRD)
ENABLE (FOURTH).



2,05, The DISABLE statement assigns pre-defined value to
data items of an array structure,

The ccde:
DISABLE <array-name> (<index-~1>[, <index-n>])
will be translated as below:
MOVE DISABLE-<array=-id> TO
<array-id> (<index-1>)
[<array-id> (<index-n>)].
Example: In COBOL data-division defines:

0l MISC-VARS.

0S5 FIRST PIC 9 VALUE 0.
05 SECOND PIC 9 VALCUE 1.
05 THIRD PIC 9 VALUE 2,
05 FOURTH PIC 9 VALUE 3.
05 ENABLE-EXEC PIC 99 VALUE 99.
05 DISABLE-EXEC PIC 99 VALUE 0.
01 EXEC - OCCURS 4 TIMES PIC 99.

When input statement is coded as:

DISABLE EXEC (FIRST, SECOND, THIRD, FOURTH)
Its output code will be:

MOVE DISABLE-EXEC TO
DISABLE (FIRST)
DISABLE (SECOND)
DISABLE (THIRD)
DISABLE (FOURTH).

the
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2,08, ThHe IPP structurs iy formed by ‘IFF, 'ELSE,' and 'END-
IFF' statements.

The coce:

IFF (<condition>)
{text-of-true>
ELSE
{text-of-false>
END-IFF

will be translated as below:

<num>-IFF.
IF <condition>
NEXT SENTENCE
ELSE
GO TO <num>-IFF-NQOT.
{text=-of-true>
GO TO <num>-END-IFF.
<num>-IFF-NOT,
<text-of-falsed>
GO TO <nhum>-END-IFF,.
{num>-END-IFF.

Example: When input statement is coded as:

IF (RATE GREATER 100 AND HOUR GREATER 200)

MOVE 15 TO CODE.

CALL ERROR-MSG (NAME, ADDR, RATE, HOUR, CODE, )
ELSE
END-IF

and the identification number of this structure is '123',

-~

Its output code will be:

123-IFF.
IP RATE GREATER 100 AND HOUR GREATER 200
NEXT SENTENCE
ELSE
GO TO 123-IFF-NOT,
MOVE 15 TO CODE.
CALL "ERROR-MSG" USING
NAME
ADDR
RATE
HOUR
CODE.
GO TO 123-END-IFF.
123-IFP-NOT.

GO TO 123-END-IFF.
123-END=TFP.



2,07. The CASE structure is formed by 'CASE,' ':<selection>:

and 'END-CASE' statements.

The'code:

CASE (<data-name>)

1<select-1>: <text-of-select-1l>
[:<{select~i>; <text-of-select-id>]
:<select=-n>: <text-of-select-n>

END-CASE

will be translated as below:

{num>-CASE.

IF <{data-name> EQUAL TO <select-1>
NEXT SENTENCE

ELSE

GO TO <num>-NOT-0QL.
<text-cf-select-1>
GO TO <num>-END-CASE.
<num>-NOT-001,
IF <data=-name> EQUAL <seleckt-2>
NEXT SENTENCE

ELSE

GO TO <num>-NOT-002.
{text-of-select-2>
GO TO <num>-END-CASE,

[more texts]

GO TO <num>-END-CASE.
<num>=-NOT-mmm,
IF <data-name> EQUAL TO <selext-ann>
NEXT SENTENCE

.. ELSE
GO

TO <num>-NQT-nnn.

{text-of=-select-n>

GO TO <num>-END-CASE.
<num>=-NQOT-nnn.
{num>-END-CASE.

*** mmm is nnn - 1.

Example: When

input statement is coded as:

CASE (SCORE)

:"A': MOVE

CALL
:"B': MOVE
CALL
:'C': MOVE
CALL

:'D': MOVE
CALL
END-CASE

'"EXCELLENT' TO COMMENT.
PRINT-SHEET (NAME, SCORE, COMMENT)
'GOOD' TO COMMENT,

PRINT-SHEET (NAME, SCORE, COMMENT)
'NOT BAD' TO COMMENT.

PRINT-SHEET (NAME, SCORE, COMMENT)
"POOR' TO COMMENT.

PRINT-SHEET (NAME, SCORE, COMMENT)

!
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its output code will be:

456=-CASE:"
IF SCORE EQUAL TO 'A!
NEXT SENTENCE
ELSE ;
GO TO 456=-NMOT-001.
MOVE 'EXCELLENT' TO COMMENT,
CALL "PRINT-SHEET" USING
NAME,
SCORE,
COMMENT.
GO TO 456-END-CASE.
456-NOT-001.
IF SCORE EQUAL TO B-GRADE
NEXT SENTENCE
ELSE :
GO TO 456-NQT-002.
MOVE 'GOOD' TO COMMENT,
CALL "PRINT-SHEET" USING
NAME,
SCORE,
COMMENT...
GO TO 456-END=-CASE.
456=-NQT-0Q2.
IF SCORE EQUAL TO C-GRADE
NEXT SENTENCE
ELSE
GO TO 456-NOT-003.
MOVE "NOT BAD" TO COMMENT.
CALL "PRINT-SHEET" USING
NAME,
SCORE,
COMMETN,
GO TO 456-END-CASE.
456-NOT-003.
IF SCORE EQUAL TO D-GRADE
NEXT SENTENCE
ELSE
GO TO 456-NOT-004.
MOVE 'POOR' TO COMMENT.
CALL "PRINT-SHEET" USING
NAME,
SCORE,
COMMETN.
GO TO <num>-END-CASE.
456-NOT-004.
456-END=-CASE.



2.08. The CASESS structure is formed by

':<selecticon>:,' and 'END-CASE&E' statements,

The code:

“CASESS =

t{select-1>: <text-of-select-1>
:<{select-2>" <text-of-select-2>
[:more: <more text>]
:<select-n>:; <text=-0f-select-n>
END=-CASESS

will be translated as below:

<num>-CASEBS,
IF <select=1>
NEXT SENTENCE
ELSE .
GO .TO <num>-NOT-001.
{text-of-select-1>
GO TO <num>-END-CASESS.
<num>-NOT-001,
IF <select-2>
NEXT SENTENCE -
ELSE
GO TO <num>-NQT-002.
{text=-of-select-2>
GO TO <num>-END-CASESS.

(move COBOL paragraphes]

GO TO <num>-END=-CASESS.
<num>=NOT-mmm.

IF <select-n>

..  NEXT SENTENCE

ELSE .

GO TO <num>-NOT-nnn.

{text-of select-n>

GO TO <num>~END-CASESS,.
<aum>~-NOT-nnn.
<num>-END-CASESS.

*** mmm is nnn - 1

Example: In COBOL data division defines:

01 SCORE. .
88 GRADE-A ' PIC X(1) VALUE
88 GRADE-B PIC X(1l) VALUE
88 GRADE-C PIC X(1l) VALUE

88 GRADE-D PIC X(1) VALUE

'CASESS, '
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When input statement is coded as:

CASESS
:GRADE~A: MOVE 'EXCELLENT' TO COMMENT.
tGRADE~-B: MOVE 'GOOD' TO COMMENT.
:GRADE-C: MOVE 'NOT BAD' TO COMMENT.
:GRADE-D: MOVE 'POOR' TO COMMENT,
END-CASE

CALL PRING-SHEET (NAME, SCORE, COMMENT, )

and the indentification number of this structure is *123",
Its output code will be;

123-CASESS,
IF GRADE-A
NEXT SENTENCE
ELSE
GO TO 123-CASES88-001,
MOVE 'EXCELLENT' TO COMMENT.
GO TO 123-END-CASESS,.
123-CASES8-001.
IF GRADE-B
NEXT SENTENCE
ELSE :
GO TO <num>-CASE88-B-GRADE.
MOVE 'GOOD' TQ COMMENT.
GO TO <num>-END-CASESS.
123-CAsE88-002,
IF GRADE-C
NEXT SENTENCE
ELSE
GO TO <num>-CASE88-C~GRADE,
MOVE 'NOT BAD' TO COMMENT,.
GO TO <num>-END-CASESS,
123-CAsSE88-003,
IF GRADE-D
NEXT SENTENCE
ELSE
GO TO <num>-CASE88-D-GRADE.
MOVE'PCOR' TO COMMENT.
GO TO <num>-END-CASESS.
123-CASE88-004,
L23-END-CASESS,
CALL "PRINT-SHEET" UNSIGN
NAME,
SCORE,
COMMENT,
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2.09, The WHILE structure is formed by 'WHILE' and 'END-WHILE'
statements.

The code:

WHILE (<conditiond)
{text>
END-WHILE

will be translated as below:

<num>-WEILE.,
IF <condtion>
NEXT SENTENCE
ELSE
GO TO <num>-END-WHILE,
<teaxt>’
GO TO <num>-WHILE.
<num>-END-WHILE.

Example: When an input PDL structure is coded as:
MOVE 1 TO CTR.
WHILE (CTR LESS 101)
CALL READ-DATA(NAME, SCORE)
ADD 1 TO CTR. -
END-WHILE

and the indentification number of this structure is "123%.

Its output code will be:

MOVE 1 TO CTR.
123-WHILE.
*IF CTR LESS 101
NEXT SENTENCE
ELSE
_~ GO TO 123-END-WHILE.
CALL "READ-DATA" USING
NAME
SCORE.,
ADD 1 TO CTR.
GO TO 123-WHILE.
123-END-WHILE,
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2.10, The WHILENOT structure is formed by 'WHILENOT' and
VEND-WHILENQT' statements,

The ccde=.

WHILENOT (<condition)
<text>
END-WHILENOT

will be ttanslated as below:

<num>-~-WEILENQT.
IF <condtion>
GO TO <num>-END-WHILENQT,
{text>
GO TO <num>~WHILENQT.
<num>-END-WEILENOT.

Example: When an input PDL structure is coded as:

MOVE 1 TO CTR.

WHILENOT (CTR' GREATER 100)
CALL READ-DATA(NAME, SCORE)
ADD 1 TO CTR,

END-WHILENOT

and the indentification number of this structure is "456".
Its output code will be:

MOVE 1 TO CTR.
456-WEILENOT,
IF CTR GREATER 100
GO TO 456-END-WHILENOT.
CALL "READ-DATA" USING
- NAME
SCORE.
ADD 1 TO CTR.
60 TO 456-WHILENOT.
456-END-WHILENOT.
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2.11. The REPEAT structure is formed by 'REPEAT' and 'UNTIL'
statements,-

The code:

REPEAT
<text>
UNTIL (<condition>)

will be translated as below:

<num>-REPEAT.
<text>
IF <condtion>
GO TO <num>-END-REPEAT.
ELSE _
GO TO <num>-REPEAT,
<num>=END-REPEAT,

Example: When an input PDL structure is coded as:

MOVE 1 TO CTR,

REPEAT '
CALL READ-DATA(NAME, SCORE)
ADD 1 TO CTR.

UNTIL (CTR EQUAL 101)

and the indentification number of this structure is 789",
Its output code will be:

MOVE 1 TO CTR. -
789-WHILENOT,
CALL "READ-DATA"™ USING
NAME
*- SCORE,
ADD 1 TO CTR.
IF CTR EQUAL 101
GO TO 789-END-REPEAT
ELSE
GO TO 789-REPEAT,.
789-END-REPEAT.
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J. The Limitations and Other Coding Restrictions

Jue

to the limitation of software and hardware, the

translator 1is designed under some conditions, The use of the
currently develeped PDL statements has the following limitations,

i,

2.

4.

The number of the nested control structures can not
exceed tan levels,

Any PDL statement can be coded on any pesikicn of an
"input-line®, and it can continue to the next “input-
line”, It can not be seperated within a "word",

Any "word" in a PDL statement can not longer than thirky
characters. Otherwise, this “word" will be treated as
Ewo or more “words".

The total outputs of any ?DL statement can not excerd two
handred and fifty-six charcters. Otherwise, it will cause
te '3UFFER QVERFLOW'.



APPENDIX B: A Comparison listing of PDL statements and their
COBOL equivalences with the translation semantics
and the kranslation instructions.

The following listing defines the meanings of the symbols which
are used in the comparison listing and the translation semantics.

<condition> is a statement coded in COBOL which will be either
true or false, '

{word> 1is just a word or a delimiter like a comma, a period, or
a parenthesis, etec. )

<variable> is a pre~defined data name,

<select-i? can be any given consktant value or a data name.
<proc-id> is the identifier of an external procedure - a program.
éparm—i) are data names used as the parameters.

<array-id> is an array data name,

<index-i> are elements of an array data name.

<num> 1s a three-digit number managed by the translator, it is
also the unique index of the control structures,

<iii> is a three-digit number to identify the different
occurrences of the CASE structures, It is always coded as '0Q0l‘',
'gg2'y ... 'mmm',‘'nnn’',

'nan' indicates the last possible occurrence,

'mmm' is a number prior to 'nnn',

(67)
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1. The KALL statement

PROGRAM DESIGN LANGUAGE COBOL EQUIVALENT TEXT

KALL <proc—-id> CALL "<proc-id>" USING
( <parm=1>, <parm-1>
<parm=n> ) <parm=n>,

TRANSLATION SEMANTICS FOR 'KALL' STATEMENT

- D WS P P N S A D N D S TR W S SR D S I S D N W S S G P SN G W M W M S S S S N D S A W D A S e e -

010 read <proc-id>

@23 match < if unmatched, stop.

033 write CALL "<proc=id>"™ USING

040 read <parm=i> ’

050 match ’ if unmatched, go to step 070.
gsad if matched, go to step 040.
070 match ) if unmatched, stop.

Q83 : it matched, next.
090 write . .

TRANSLATION INSTRUCTIONS FOR 'KALL' STATEMENT

INPUT INNER1 oa

MATCH STRING 99 . (
APPEND STRING BUFFER aa bCALLd"
AFPEND INNER1 BUFFER Qo

APPEND STRING BUFFER oaQ - "dUSING
INPUT INNER1 00

APPEND STRING BUFFER ag c
APPEND INNER1 BUFFER 0d

MATCH STRING . 01 ’
BRANCH -435

MATCH STRING 99 )
APPEND STRING BUFFER ao ; .

ENDUP
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2. The SET-0ON statement
PROGRAM DESIGN LANGUAGE COBOL EQUIVALENT TEXT

TSET-NO  <variables MOVE SET-TO-ON 70 <variable>.
TRANSLATION SEMANTICS FOR '"SET-ON' STATEMENT

010 read <variable>
020 write MOVE SET-TO-0ON TO <variable>.

TRANSLATION INSTRUCTIONS FOR '"SET-ON' AMD 'SET-QFF' STATEMENTS

D A T S — - ———— - v ) . -

MOVE TEMP INNER2 ca

INPUT INNER1 oo

EQUAL STRING INNERZ2 02 SET-0ON

APPEND STRING BUFFER co bMOVEdSET-TO-ONdTOd
BRANCH - 01

APPEND STRING BUFFER co bMOVEJdSET-TO-0FFdTOd
APPEND - INNERT BUFFER ago

AFPEND STRING BUFFER 0o .

ENDUP

3. The SET-0FF statement

PROGRAM DESIGN LANGUAGE COBOL EQUIVALENT TEXT

— T T - - ——

SET-0FF <variable> MOVE SET=-TO-OFF TO <variabla>.

TRANSLATION SEMANTICS FOR 'SET-OFF' STATEMENT

. —— - - T - D D . ————— - -

010 raad <variable>
020 write MOVE SET-TO-0FF TO <variable>.

TRANSLATION INSTRUCTIONS FOR 'SET-ON' AND 'SET-QFF' STATEMENTS

MOVE TEMP INNERZ2 oo

INPUT INNER1 g

EQUAL STRING INNER2 a2 SET-ON

APPEND STRING BUFFER oo bMOVEJSET-TO~-ONdTOd
BRANCH a1

APPEND STRING BUFFER 04 bMOVEJSET-TO-OFFdTOd
APPEND INNER1 BUFFER oo

APPEND STRING BUFFER aag .

ENOUP



4. The ENABLE statement

PROGRAM DESIGN LANGUAGE COBOL EQUIVALENT TEXT
ENABLE <array-igd> MOVE ENABLE-<array-id> TO
( <index=1>, <array-id> ( <index-1> )}
<array=id> ) <array=id> ( <index—-n> ).

TRANSLATION SEMANTICS FOR 'ENABLE' STATEMENT

write

<array-id>

( if unmatched, stop.
if matched, next.

MOVE ENABLE-<array-id> TO

<index-i>

<array-=id> ( <index—-i> )

’ if unmatched, go to step 090.
if matched, go to step 050.

3 if unmatched, stop.

if matched, next.

TRANSLATION INSTRUCTIONS FQR 'ENABLE' AND 'DISABLE' STATEMENTS

W T N U D A T D SN D W N W SN R AND T NS T AN S D M SN D W S U W S W S S e S S . W T - -

APPEN
INPUT
MATCH
EQUAL
APPEN
BRANC
APPEN
APPEN
APPEN
INPUT
APPEN
APPEN
APPEN
APPEN
APPEN
MATCH
BRANC
MATCH
APPEN
ENDUP

D

D
H
D
0
D

D
D
]
D
s}

H

o]

TEMP INNER2 g0
INNER1 1]
STRING 29 (
STRING INNERZ g2 *  ENABLE
STRING BUFFER 00 bMOVEJENABLE-
01
STRING BUFFER go bMOVEJDISABLE=-
INNER1 BUFFER ~ 0o
STRING BUFFER aa dTO
INNERT? . aa
STRING BUFFER oa c
INNER2 BUFFER 00
STRING BUFFER aa (
INNER1 BUFFER 00
STRING BUFFER 00 )
STRING 01 ’
-08
STRING 99 )
STRING BUFFER ~ @0 .



71

5. The DISABLE statement

PROGRAM DESIGN LANGUAGE COBOL EQUIVALENT TEXT
DISABLE <array=id> MOVE DISABLE=-<array=-id> TO
( <index-1>, <array=-id> ( <index=1> )
<array=-id> ) <array=-id> ( <index=-n> ).

TRANSLATION SEMANTICS FOR 'DISABLE' STATEMENT

D D W S . T TR T S NS SN S D SN NP S W D WS T S SES W W N N W S S D WY WES AN SR AN N S A N A N A S N A e S e S e e ) -

010 read <array=id>

020 match ( if unmatched, stop.

g3aQ it matched, next.

040 write MOVE DISABLE-<array-id> TO

050 read <indax=i>

063 write <array=id> ( <index=i> )

070 match ° » if unmatched, go to step 09%0.
g8a if matched, go to step 050.
090 match ) if unmatched, stop.

100 if matched, next.

110 write .

TRANSLATION INSTRUCTIONS FOR 'ENABLE' AND 'DISABLE' STATEMENTS

D A A D S S D D T D D A D S D A S -

APPEND TEMP INNER2 Qo0

INPUT INNER1 0a

LATCH STRING 99 . ¢

EQUAL STRING INNER2 02 ENABLE

APPEND STRING BUFFER 0g bMOVEJENABLE-
BRANCH 01

APPEND STRINS BUFFER 00 BMOVEJDISABLE-
APPEND INNER1 BUFFER 0g

APPEND STRING BUFFER 0o dTo

INPUT INNER1 Qo

APPEND STRING BUFFER 0q c

APPEND INNER2 BUFFER 09

APPEND STRING BUFFER a0 ¢

APPEND INNER1 BUFFER ‘0a

APPEND STRING BUFFER co )

MATCH STRING a1 ’

BRANCH -08

MATCH STRING 99 )

APPEND STRING BUFFER 00 .

ENDUP



6. The IFF structure

PROGRAM DESIGN LANGUAGE COBAL EQUIVALENT TEXT
IFF (<condition>) <nym>=1FF.
. IF <condition> NEXT SENTENCE
) ELSE GO TO <num>-IF-NOT.
(Program taxt ofl {Program text o<}

{condition truel {condition truae)

ELSE GO0 TO <num>—-END-IFF.
<num>=IF-NOT.

{Program text of} {Program text of]

{condition falsel {condition falsel

END-IFF GO TQO <num>—-END-IFF.

<num>=-END-IFF.
TRANSLATION SEMANTICS FOR 'IFF' STATEMENT

010 matgh ¢ if unmatched, stop.
020 satup <num>

030 writae <num>-1IFF.

040 write IF

050 read <uord>

060 write <uword>

070 match ) if unmatched, go to step 050.
Q83d if matched, next.

090 write NEXT SENTENCE ELSE GO TO <num>-=IFF=NOT.

e - S S D - - S T - S G - — - - -

TRANSLATION INSTRUCTIONS FOR 'IFF' STATEMENT

D T SN D D N WD S P WD WS D D S W A S S D D D D A T D D S M S G M e S -

INCPTR aa

MATCH STRING 99 (

RESET COUNT1 0a

MOVE STRING STORE 0a END-IFF
MOVYE COUNT1! LABEL1 aa

MQVE COUNT! LABEL2 0aQ

MoVvE COUNT!H LABELS3 Qo

APPEND STRING LABEL1 ao -IFF
APPEND STRING LABEL2 oaQ =NOT
APPEND STRING LABEL3 aa -END-IFF
APPEND STRING BUFFER 00 a

APPEND LABEL1 BUFFER oo

APPEND STRING BUFFER go +bIFd
INPUT STOREZ2 04a

APPEND STORE2 BUFFER 00

APPEND STRING BUFFER oo d

MATCH STRING a1 )

BRANCH 01

BRANCH -0é )
APPEND STRING BUFFER 00 CNEXTJSENTENCEbELSEcG0dTAOd
APPEND LABEL2 BUFFER aa

APPEND STRING BUFFER oo ’

ENDUP
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TRANSLATION SEMANTICS FQOR 'ELSE' STATEMENT

- D S S D e W S R NS U AN SN N S R NS e e D S e P U TN S D S SN D S S D I M WD G A N N A

010 write GQ TO <num>-END-IFF.
030 write <num>=NQT.

D S T A S D W S D S W W S S T N G D W M A e D - - -

TRANSLATION INSTRUCTIONS FOR 'ELSE' STATEMENT

- D D SN S D N e S D S S S S N N N AN S NN AN A A W A AN T GEN G G N A D G WS P D N S W -

APPEND STRING BUFFER Qg bG0dTOd
APPEND - LABEL3 BUFFER 0a

APPEND STRING BUFFER 00 .3
APPEND LABELZ2 BUFFER oo

APPEND STRING BUFFER Qg

ENDUP :

TRANSLATION SEMANTICS FOR 'END-IFF' STATEMENT

S A A D S S S TP S D T S S T W S D S S N G S S

010 write GO TO <pum>-END-IFF.
030 write <num>=-END-IFF.

TRANSLATICN INSTRUCTIONS FOR 'END-IFF' STATEMENT

- —— D S D S A D D e S S v A S A S N D U S S T Y SN G S N W SN NN N SN AN N SPN M S N SN G S

EQUAL TEMP STORE1 99

APPEND STRING BUFFER 0q a
APPEND LABEL3 BUFFER ga '
APPEND STRING BUFFER 0o .
DECPTR 00

ENDUP
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7. The CASE structure

PROGRAM DESIGN LANGUAGE COBOL EQUIVALENT TEXT
CASE ( <variable> ) <num>-CASE.
i<select=12>: IF <variable> EQUAL TO <select-1>
NEXT SENTENCE
ELSE
GO0 TO <num>-=-NOT-001.
{Program text] {Program textl}
{of select=-1) {of selact-1)
t<selact-2>: GO TQ <num>-END-CASE.

<num>=-NOT=001.
IF <variable> EQUAL TO <selesc¢ct-2>
NEXT SENTENCE

ELSE
GO TO <num>-NOT-=002.
{Program taxt} {Program text}
{0f select=21} {of saelect-2}
t<salact-n>: GO0 TO <num>-END-CASE.

<aum>=NOT-mmm.
IF <variable> EQUAL TQ <select-n>
NEXT SENTENCE

ELSE
GO0 TO <num>=NOT=-nnn.
{Program text] {Program text]
{of selact-n] {of select-n)
END-CASE G0 TO <num>-END-CASE.

<num>=NOT-nnn.
<num>-END-CASE.

TRANSLATION SEMANTICS FOR 'CASE' STATEMENT

830 match C if unmatched, stop.
Q40 if matched, next.
050 read <variable>

060 match ) if unmatched, stop.

070 wWwrite <num>-=CASE.

. ————————— T - - -
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TRANSLATION INSTRUCTIONS FOR 'CASE' AND 'CASE88' STATEMENTS

D e S S WD D G S s e e e M S W D S S — T W S -

INCPTR 00

RESET COUNTH go

RESET COUNT2 aa

MOVE STRING STORE! oo END-
APPEND TEMP STOREN aa

EQUAL STRING STCRE1 03 END-CASE
MATCH STRING 22 ¢

INPUT STORE2 co

MATCH STRING 99 )

MOVE COUNT? LABELH1 0g

MOVE COUNT2 LABELZ2 go

MOVE COUNT1 - LABEL3 g

EQUAL STRING STORE1 03 END-CASE
APPEND STRING LABEL1 ao ~CASE
APPEND STRING LABEL3 1Y) -END-CASE
BRANCH 02

AFPEND STRING LABEL1 ag -CASE&3
APPEND STRING LABEL3 ga -END-CASESS
APPEND STRING BUFFER ga 3

APPEND LABEL1 BUFFER go

APPEND STRING BUFFER ag .

ENDUP

TRANSLATION SEMANTICS FOR SELECTION STATEMENT OF CASE STRUCTURE
010 if <iii> equal to 001 go to step 040.

Q2a else next

030 write GO0 TO <num>-END=-CASE.

040 write <pum>=NOT-<ijii>.

050 satup <iii>

060 read <salect-i>
070 match : if unmatched, stop.
080 if matched:; next.

090 write IF <variable> EQUAL <salect~-i>
NEXT SENTENCE
ELSE GO TO <num>=-NOT=-<iii>.

L S S S S S D T G D N G S S S S S D D S S el . o W D S S - - . A
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TRANSLATION INSTRUCTIONS FOR THE SELECTION STATEMENT

D D D D S D S D e S e Sk M N MR SN S G A e et i AU M T M N A A A S D S S W A Y S

EQUAL STRING CauNT?2 g1 00t
BRANCH 08

APPEND STRING BUFFER Q0 bG0dTOd
APPEND LABEL3 BUFFER oo

APPEND STRING BUFFER Qg .3
APPEND COUNT BUFFER Qg

APPEND STRING BUFFER 0a -NQT-
APPEND LABEL2 BUFFER 00

APPEND STRING BUFFER piv .

MOVE COUNT2 LABEL2 oa

RESET COUNT2 aQ

INPUT STORE3 oag

MATCH STRING 2 99 H

EQUAL STRING STORE1 g4 END-CASE
AFPPEND STRING BUFFER oo bIFd
APPEND STORE2 BUFFER Qg

APPEND STRING BUFFER aa dNOTdEQUALd
BRANCH at

APPEND STRING BUFFER aa bIFdNOTd
APPEND STORE3 BUFFER 0o

AFPEND STRING BUFFER 0a cz0dTQd
APPEND COQUNT1 BUFFER ag

APPEND STRING BUFFER aa =NOT-
APPEND LABEL2 BUFFER 0a

APPEND STRING BUFFER ag .

ENDUP

TRANSLATION SEMANTICS FOR 'END-CASE' STATEMENT
010 write 6O TO <aum>=NOT-<iii>.

020 write <aum>=NOT-<iii>.

030 urite <num>=-END~CASE.

A T W D S S S A N S A D A S GE W SN W T D SED A  ew e e Y i

TRANSLATION INSTRUCTIONS
FOR 'END-CASE' AND 'END-CASES38' STATEMENTS

A T —— - T W W T S S G S SN S SE T D ML W M D G A S N D T e e —

EQUAL TEMP STORE! 99

APPEND STRING BUFFER aa 5504 T0d
APPEND LABEL3 BUFFER og

APPEND STRING BUFFER ga -
APPEND COUNTH BUFFER oo '
APREND STRING BUFFER oo -NQT-
APPEND LABEL2 BUFFER oo

APPEND STRING BUFFER 00 .2
APPEND LABEL3 BUFFER go

APPEND STRING BUFFER i) .
DECPTR aaq

ENDUP



8. The CASEB88 structure

PROGRAM DESIGN LANGUAGE

- T T S S S e A L A w e  Se o S S T T G T S S I -

CASESS8
t<selact=1>:

{Program text)
{of select-i1]
t<salact=-2>:

{Program text}
{of select-2}

t<salact-n>:

{Program taxt}
{of selact=-nl
END-CASESBS

TRANSLATION SEMANTICS FOR

COBOL EQUIVALENT TEXT

<num>-CASEBS.
IF <select=1>
NEXT SENTENCE
ELSE
G0 TO <num>-NOT=-001.
{Program text)
{of select-1}
GO TO <num>-END-CASERZ2S.
<num>=NOT-001.
IF <geleact-2>
NEXT SENTENCE
ELSE -
G0 TO <num>-NOT=-002.
{Program text}
{of select-2}
GO TO <num>-END-CASES3S.
<num>=-NOT-mmm.
IF <select-n>
NEXT SENTENMCE
ELSE
60 70 <num>=NOT-nnn.
{Program text}
{of select=n]}
G0 TO <num>-END-CASESS.
<num>-NQT-nnn.
<num>-END-CASEZ8.

'CASESB3' STATEMENT

77

010 setup <pum>
020 setup <jiii»
030 write

" T " — . W W D e oy =y - o =
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TRANSLATION INSTRUCTIONS FOR 'CASE' AND 'CASEB3' STATEMENTS

S S T R S S A S N D D T W S S ——— . - —

INCPTR go

RESET COUNT! 0a

RESET COUNTZ2 oo

MOVE STRING STORE! oo END-
APPEND TEMP STORE! Qo

EQUAL STRING STORE! 03 END-CASE
MATCH STRING 29 4

INPUT STOREZ2 oo

MATCH STRING 29 )

MOVE COUNTH LABEL1 1y}

MOVE COUNTZ2 LABEL2 0gQ

MOVE COUNT1 - LABEL3 ga

EQUAL STRING STORE1 a3 END-CASE
APPEND STRING LABEL1 ag -CASE
APPEND STRING LABEL3 aa -END-CASE
BRANCH g2

APPEND STRING LABEL1 QQ - -CASESS
APPEND STRING LABEL3 aaq -END-CASESS8
APPEND STRING BUFFER aa 2

APPEND LABEL1 BUFFER 09Q

APPEND STRING BUFFER ao .

ENDUP

TRANSLATION SEMANTICS
FOR SELECTION STATEMENT OF CASEZ8 STRUCTURE
@13 if <iii> equal to 001 go to step 0&0.
029 else next.
030 write GO TO <num>-END-CASEBZS.
040 write <aum>-NOT-<jii>.
053 seatup <iii»

0éd read <salect=-i>
070 match ¢ if unmatched, stop.
g&a if matched, next.

0%0 write IF <select-i>
NEXT SENTENCE
ELSE GO TO <num>-NOT-<iii>.

S D D W . T S T T D D D W S M S S G S A W S A AN A A G AP S A G S e =



TRANSLATION INSTRUCTIONS FOR THE SELECTION STATEMENT

e m am D e S WD S S D R D S S Y AN SN SH SEP NN G Y T S D S S T S A S N G N S N A W A N S M M S S D e s et

EQUAL STRING COUNT2 a1 go1
BRANCH o8

APPEND STRING BUFFER 04q bGOdTOd
APPEND LABEL3 BUFFER Qo

APPEND STRING BUFFER ca .2
APPEND COUNTH BUFFER aa

APPEND STRING BUFFER 0d -NOT-
APPEND LABELZ2 BUFFER 00Q

APPEND STRING BUFFER 0a .

MQVE COUNTZ2 LABELZ2 aa

RESET COUNTZ2 oo

INPUT STORE3J aa

MATCH STRING 99 s

EQUAL STRING STORE1 04 END-CASE
APPEND. STRING BUFFER Qo bIFd
APPEND STAQREZ2 BUFFER ao

APPEND STRING BUFFER oaq dNOTJEQUALd
BRANCH 01

APPEND STRING BUFFER aa bIFdNOTd
APPEND STORE3 BUFFER 00

APPEND STRING BUFFER ao ¢G0dTOd
APPEND COUNT! BUFFER )

APPEND STRING BUFFER 0a -NOT-
APPEND LABELZ2 BUFFER 0a

APPEND STRING BUFFER co .

ENDUP

TRANSLATID& SEMANTICS FOR 'END-CASEB@' STATEMENT
010 write GO TO <num>=NOT-=-<iii>.

020 write <aum>=NOT=-<iii>.

030 write <num>-END-CASEZ28.

TRANSLATION INSTRUCTIONS .
FOQR 'END-CASE' AND 'END-CASE88' STATEMENTS

EQUAL TEMP STORE{ 99

APPEND STRING BUFFER Qo0 66QdTOd
APPEND LABEL3 BUFFER ao

APPEND STRING BUFFER ca .3
APPEND COUNT1 BUFFER aa

APPEND STRING BUFFER 0o =NOT-
APPEND LABELZ BUFFER g

APPEND STRING BUFFER oo +3
APPEND LABEL3 BUFFER 0qQ

APPEND STRING BUFFER 0a .
DECPTR oo

ENDUP
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9. The WHILE structure

PROGRAM DESIGN LANGUAGE COBOL EQUIVALENT TEXT
WHILE (<gondition>) <num>=-WHILE.
IF <condition>
NEXT SENTENCE

ELSE
GO TO <num>—-END-WHILE.
{Program text ofl} {Program text of)
{condition truel {condition true)
: G0 TO <num>-WHILE.
END=WHILE ' <num>-END-WHILE.

TRANSLATION SEMANTICS FOR 'WHILE' STATEMENT

020 match ( if unmatched, stop.
030 if matched, next.
040 write <num>-=WHILE.

0S0 write IF

060 read <uword>

070 write <uord>

080 match ) if unmatched, go to step 060.
090 if matched, next.

100 write NEXT SENTENCE
ELSE GO0 TO <num>-END-WHILE.

- T G W T S T S SIS D I S S G D G S G e G A A A A S AN S D e A -

TRANSLATION INSTRUCTIOMS FOR 'WHILE' AND 'WHILENOT' STATEMENTS

- —— T ;. — - —— A -

INCPTR ' Qo

RESET COUNTH a0

MOVE STRING STORE! aa END-
APPEND TEMP STORE1 Qg

MATCH STRING 99 ¢

MOVE COUNT1 LABEL1 oo

MOVE CAOUNT1 LABEL3 00

EQUAL STRING STORE! 03 END-WHILE
APPEND STRING LABEL1 00 -WHILE
APPEND STRING LABEL3 0o ~END-WHILE
BRANCH 02

APRPEND STRING LABEL1 00Q ~WHILENOT
APPEND STRING LABEL3 0a ~END-WHILENQT
APPEND STRING BUFFER 00 a

APPEND LABEL1! BUFFER ga

APPEND STRING BUFFER ga .bIFd



INPUT
APPEND
APPEND
MATCH
BRANCH
BRANCH
EQUAL
APPEND
BRANCH
APPEND
APPEND
APPEND
ENDUP

STORE?Z2
STRING
STRING

STRING
STRING

STRING
LABEL3
STRING

STOREZ2
BUFFER
BUFFER

STORE1
BUFFER

BUFFER
BUFFER
BUFFER

TRANSLATION SEMANTICS FOR

" —— —— . . ———————————— o ————

010 write
020 write

aa
090
oo
01
01
-0s
a2
0o
a1
0o
aa
04q

'END-WHILE'

GO TO <num>-WHILE.
<num>-END-WHILE.

sl

END-WHILE .
cNEXTJSENTENCEBELSEcGOdTOd

cG0dTOd

STATEMENT

T D S . i . — o —————— - — -

TRANSLATION INSTRUCTIONS

FOR

'END-WHILE'

AND 'END-WHILENOT'

STATEMENTS

T D S T " — . - - ——————— - —

EQUAL

APFEND
APPEND
APPEND
APPEND
APPEND
DECPTR
ENDUP

TEMP

STRING
LABEL1
STRING
LABEL3
STRING

STORE1
BUFFER
BUFFER
BUFFER
BUFFER
BUFFER

29
go
Qo
00
Qo
aa
0o

b6ddTOd
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10, The WHILENQOT structure

PROGRAM DESIGN LANGUAGE COBOL EQUIVALENT TEXT
WHILENOT (<condition>) <num>-WHILENOT.
IF <c¢condition>
GO TO <num>=-END-WHILENGT.

{Program text of)} {Program text of]}
{condition falsel {condition false)

GO TO <npum>-WHILENOT.
END-WHILENOT <num>-END-WHILENQT.

TRANSLATION SEMANTICS FOR '"WHILENOT' STATEMENT
Q10 setup <num>

020 match ( if unmatched, stop.

030 - : if matched, next.

040 write <num>-WHILENOT.

050 write IF

060 read <word>

070 write <uword>

080 match ) if unmatched, go to step 060.
090 I¥ matched, next.

100 write GO0 TO <num>-END-WHILENQT.

TRANSLATION INSTRUCTIONS FOR 'WHILE' AND '"WHILENOT' STATEMENTS

D —— - —— T W - - -

INCPTR ao

RESET COUNT1 Qo |

MOVE STRING STORE1 oa END-
APPEND TEMP STORE1 ao

MATCH STRING 29 (

MOVE COUNT1 LABEL1 aa

MOVE ‘ COUNTH LABEL3 00

EQUAL STRING STORE1 03 END-WHILE
APPEND STRING LABEL1 0d -WHILE
APPEND STRING LABEL3 0g ~END=-WHILE
BRANCH az

APPEND STRING LABEL1 0g -WHILENQT
APPEND STRING LABEL3 ogQ -END-WHILENOT
APPEND STRING BUFFER oo a

APPEND LABEL1 BUFFER 0a

APPEND STRING BUFFER 0aQ .bIFd
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INPUT STORE2 00

APPEND STOREZ2 BUFFER ag

APPEND STRING BUFFER 00 d

MATCH STRING a1 3

BRANCH 01

BRANCH -0é

EQUAL STRING STOREN a2z END-WHILE
APPEND STRING BUFFER ga cNEXTJSENTENCEBELSE-GOJTOM
BRANCH 01

APPEND STRING BUFFER Qa cG0dTOd
APPEND LABEL3 BUFFER ao ’

APPEND STRING BUFFER Go .

ENDUP

TRANSLATION SEMANTICS FOR 'END-WHILENOT' STATEMENT

T —— T —  — — ——— ] Wy S . T W

010 write GQ TO <num>-WHILENQT.
020 write <num>-END=-WHILENQT.

. —— o —— - - — - - D <

TRANSLATION INSTRUCTIONS
FOR 'END-WHILE' AND 'END-WHILENQT' STATEMENTS

Y — o Y S S . D . S S A W o il < S A R N

EQUAL TEMP STORE1 29

APPEND STRING BUFFER i 11] bG0dTOd
APPEND LABEL{ BUFFER aa

APPEND STRING BUFFER Q4a o |
APPEND LABEL3 BUFFER 0a )

APPEND STRING BUFFER a0 .
DECPTR a0



11. The REPEAT structure

PROGRAM DESIGN LANGUAGE COBOL EQUIVALENT TEXT

REPEAT <num>=REPEAT.
(Program taxt of) {Program text of}
{condition false] {condition falsel
UNTIL (<condition>) IF <condition>
GO TO <num>—-END-REPEAT
ELSE

GO TO <num>-REPEAT.
<num>-END-REPEAT.

TRANSLATION SEMANTICS FOR 'REPEAT' STATEMENT

T W W SN D T A S S S D N S R S D G W S W S W M A A S A W A N AN A W S N -

010 satup <num>
020 write <num>-REPEAT.

TRANSLATION INSTRUCTIONS FOR 'REPEAT' STATEMENT

- —— S A S S S S W S N S S SR M S T SN SN S T S D S T - - —— ————

INCPTR 0a

RESET COUNT1 oo

MOVE STRING STORE1 ao UNTIL
MOGVE COUNT1 LABEL1 ag

MOVE COUNTH LABEL3 oo

APPEND STRING LABEL1 Qa -REPEAT
APPEND STRING LABEL3 00 -END-REPEAT
APPEND STRING BUFFER aa a
APPEND LABEL1 BUFFER ag

APPEND STRING BUFFER 00 .

ENDUP :

TRANSLATION SEMANTICS FOR '"UNTIL' STATEMENT

- W WD N SN T P SED NS SN N N NS SN W D S G GED D W A S S W RS G D A S S AR S .-

019 match ( if unmatched, staop.

Q20 if matched, next.

333 write IF

040 read <word>

Q050 write <word>

0é0 match ) if unmatched, go to step 040.
073 if matched, next.

Q83 write GO TO <num>-END-REPEAT.
ELSE GO TO <num>-REPEAT.
090 write <num>=END-REPEAT.

P —————————— R Y bttt e e B -



85

TRANSLATION INSTRUCTIONS FOR 'UNTIL' STATEMENT

A e S D S N D D W S W S e W W M W A S A W G D D W S - -

EQUAL TEMP STORE1 99

MATCH STRING 99 ¢
APPEND STRING BUFFER ga bIFd
INPUT STORE2 oa

APPEND STOREZ2 BUFFER 0aQ

APPEND STRING BUFFER Qo d

MATCH STRING 01 )
BRANCH o1

BRANCH =06

APPEND STRING BUFFER 0a bGOdTOd
APPEND LABEL3 BUFFER oo

APPEND STRING - BUFFER aa bELSEcGO4TOd
APPEND LABEL1 BUFFER oa

APPEND STRING BUFFER Qaa .3
APPEND LABEL3 BUFFER aa

APPEND STRING BUFFER Qa .
DECPTR . ao ‘

ENDUP
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LPPENDIX C: MModule cSpecification and storage recguirement ¢f the
translator,.

1. Module Specification

There are ten subprograms in the translator to perform the
sranslation, A translation instruction with its parameters is to
employ a corresooncéing subprogram of the translator to fulfil an
expected operation by using these parameters,

There are eleven types of translation commands defineé 1in
the translation instruction, they are coded in the first fielé c¢f
a translation instruction. The translation command "KEYWORD" is
usecd by the TABLE BUILDER progaram to create an "address tatle" tv
collecting the PDL keyword which is SDECI;I“& in the last £fieléd
cf the "KEYWORD" instruction.

2esides "XEYWORD" command which is not shown in the "command
table", there are ten types of command to defined all the
translation instructions. These commands can be classified intc
three groups: the LOADERs, the CONTROLLERS, and the IMNSPECTOPS.
The following Gescriptions are the module specification of the
subprograms of the translator.

The LOADER commanés include RESET, INPUT, MOVE, and APPEND
commands, they alter the content of the related data storages by
moving data into from the source area to the target area, The
source and the target stores of the loading operation are defined
in the second and the third field of the "commanéd table" (See
Appendix D-3).

Command: RESET

Corresponding subprogram in translator: P_RESET

Punction: To increase the COUNT1 AND COUNT2 data stores of
the "stack® storage by one,

Input specification: MNone :

Output specification: 1 ko 999,

Command: IN2UT

Corresponding subprogram in translator: P_INPUT

Function: To fetch a "word"™ from “"input=line®,
and store this "word®™ into a specific store,

Input specification: The "word®” is a character string of
thirty characters., Data is only obtained from the
*input-line” - the temporary store of holding the
input PDL text, If a character string in "input-
line" is longer than thirty characters, the rest
part of this string will be fetched as the other
*word"®.

OQutput specification: The target store can only be the data
fields on an entry of the "stack" storage., If the
*word" is shorter than thirty charcters, the rest
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spaces of the target store are f£illed with blanks.

Command: MOVE ’

Corresponding subprogram in translator: P_MOVE

Function: To move the contenkts of a data store into the
other store,.

Input specification: The data stores of an entry of the
*stack"” storage,

Qutput specification: A data store on the same entry of the
"stack" storage as that of the input.

Command: APPEND

Corresponding subprogram in translator: P_APPEND

Function: To append the non-blank contents of source store
to the target store.
To truncate the execeeding portion of the target
store, when append to a data store of the "stack".
To eject an error, when this process cause to an
overflow occurred on <he "buffer" area.

Input specification: The source area can any store of the
stack storage or the "temp word" store.

Qutput specification: The target store can be any data store
on the. "stack" storage or the "buffer” area.

The CONTROLLER commands include BRANCH, INCPTR, DECPTR, and
ENDUP commands, they alter the process sequence of translation
instructions (the sequence of using the entries of the command
table) by modifying the content of the instruction counter (:he
numeric variable P_INSTR in the translator) using a giving number
in the fourth field of the command table.

Command: BRANCH

Corresponding subprogram in translator: P_BRANCH

Function: To do an unconditional branch on the execution of
“the translation instructions by adding the giving
value in the fourth field of the "command table"
to the instruction counter of the translator.

Input specification: Any numeric value within =99 to 99

Qutput specification: Any numeric value within 1 to 250

Command: INCPTR

Corresponding subprogram in translator: P_INCPTR

Function: To increase the stack pointer (a variable P _STACK
of the translator) by one,

Input specification: Numeric value 1

OQutput specification: Any numberic value within 1 to 10

Command: DECPTR

Corresponding subprogram in translator- P_DECPTR

‘Function: To decrease the stack pointer (3 variable P _STACK
of the translator) by one.

Input specification: Numeric value 1

Qutput specification: Any numberic value within 1 to 10
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Command: ENDOP

Corresponding subprogram in translator: P_ENDUP

Function: To indicate the translation of a PDL statement is
comlicated, and to edit the contents of "buffer”
on the "output line”.

Input specification:; None

Qutput specification: None

The INSPECTOR commands include MATCH and EQUAL <ommands,
they check the situation by comparing the content of two data
stores, If the comaprison is fail, the translator uses the fourth
field of the "command table" to make a decision on current
transaltion.

Command: MATCH

Corresponding subprogram in translator: P_MATCH

Function: To maktch the next "word” on the "input-line®" (the

: "word" on the "input=-line" will be fetched next)

with the content of a specific store

Input specification: The data stores on "stack®™ entries or
a "word" in the "string”" table

Qutpukt specification: None

Command: EQUAL

Corresponding subprogram in translator: P_EQUAL
Punction: To compare the content of two data stores
Input specification: Any data stores of "word" type
Output specification: None

2. The Storage reguirement

The translator uses ninetv-nine units of storages to hold
PDL fragments And the semi-products of the translator. All the
units are coded from one through ninety-nine. The "buffer” area
which 1is coded as 1 takes 255 characters, the other stores are
defined as a "word" of 30 characters. They are defined as below:

code name specifications of using this storage area

- Bt L Y i ———

1 3UFFER To hold temporary ocutput of the translator

2 COUNTI A data store on "stack" entries to hold identifi-
cation number of the current PDL control structure.

3 CQUNT2 A data store on "stack" entries to hold identifi-
cation number for an internal control strcuture of
current selection control structure,

4 INNERL A data store on "stack" entries to used as a
working storage area for the translation of the

K noncontrol statements in PDL.

5 INNERZ2 Another data store on "stack"” entries to used as
another working storage area for the translation
of the noncontrol statements in PDL,
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& LABELl A data store on "stack" entries to held the start-
ing label of the current PDL control structure,

7 LABEL2 A data store on "stack" entries to hold the label
for an internal control structure of current
selection control structure,

8 LABEL3 A data store on "stack" enktries to hold the ending
label of the current PDL control structure,

9 STOREl A data store on "stack"™ entries to used as a
working storage area for the translation of the
PDL conktrol stratements,

10 STOREZ2 Another data store on "stack" entries to used as
anokther working storage area for the translation
of PDL control statements.

11 STORE3 The other data store on "stack"” entries ko used as
the other working storage area for the translation
of PDL control statements.

12 TEMP A temporary storage to hold a "word" fetched from
the "input-line®,

The other units of the working storage area in the
translator which is coded from 13 to 99 are the character strings
defined in the last -field of a translation instruction.
Rearranged by the TABLE BUILDER program, this character strings
are collected into the "string® table. And the translator reads
these character string into an array data structure where the
array elements are indexed by the number from 13 to 99.
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1., A listing of all the translation instructions

KEYWORD
APPEND
APPEND
MATCH
APPEND
BRANCH
INPUT
APPEND
APPEND
BRANCH
ENDUP
KEYWORD
INPUT
MATCH
APPEND
APPEND
APPEND
INPUT
APPEND
APPEND
MATCH
BRANCH
MATCH
APPEND
ENDUP
KEYWORD
KEYWQRD
MQVE
INPUT
EQUAL
APPEND
BRANCH
APPEND
APPEND
APPEND
ENDUP
KEYWORD
KEYWORD
APPEND
INPUT
MATCH
EQUAL
APPEND
BRANCH
APPEND
APPEND
APPEND
INPUT
APPEND
APPEND
APPEND
APPEND
APPEND
MATCH -
BRANCH
MATCH
APPEND
ENDUP
KEYWORD

STRING
STRING

STRING
INNER1

STRING
STRING
INNER1
STRING

STRING
INNER1
STRING

STRING

STRING

TEMP

STRING
STRING

STRING
INNER 1
STRING

TEMP

STRING
STRING
STRING

STRING
INNER1
STRING

STRING
INNERZ
STRING
INNER
STRING
STRING

STRING
STRING

STRING
TEMP
STRING

BUFFER co
BUFFER 60
62
BUFFER 00
(+1]
INNER1 a0
BUFFER 00
BUFFER 00
-07
INNER1 Qo
99
BUFFER 00
BUFFER 00
BUFFER 00
INNER 1 00
BUFFER 00
BUFFER 00
01
-05
95
BUFFER 00
INNERZ 00
INNER1 ce
INNER2 02
BUFFER ag
1
BUFFER 00
BUFFER Qo
BUFFER a0
INNER2 00
INNERY 00
99
INNER2 02
BUFFER g
Q
BUFFER 00
BUFFER a0
BUFFER 00
INNER1 00
BUFFER 0ag
BUEFER 00
BUFFER ao
BUFFER oaQ
 BUFFER 00
01
-08
99
BUFFER 00
0a
COUNT 1 00
COUNT2 00
STORE 1 a0
STORE 00
STORE ! 03

CoaoL
b

KALL

ECALLd"

TJUSING

<

»

)

SET-ON

SET-QFF

SET=-0ON
BMOVEJSET-TO-ONJTOd
bMOVEJSET-TO0-0FFdTOd

ENABLE
DISABLE

¢
ENABLE
bMOVEJENABLE-

" BMOVEGDISABLE-

dT0

W %o o~ N

CASE
CASEs3

END=-
END=-CASE



“STRING

STRING
COUNT 1
COUNT2
COUNT 1
STRING
STRING
STRING

STRING
STRING
STRING
LABEL1
STRING

STRING

STRING
LABEL3
STRING
COUNT 1
STRING
LABEL2
STRING
COUNT2

STRING
STRING
STRING
STORE2
STRING

STRING
STORE3
STRING
COUNT 1
STRING
LABEL2
STRING

TEMP

STRING
LABEL3
STRING
COUNT 1
STRING
LABEL2
STRING
LABEL3
STRING

STRING

STRING
COUNT 1
COUNT 1
COUNT 1
STRING

STORE2

LABEL1
LABELZ2
LABEL3
STORE!
LABEL 1
LABEL3

LABEL1!
LABEL3
BUFFER
BUFFER
BUFFER

COUNT2

BUFFER
BUFFER
BUFFER
BUFFER
BUFFER
BUFFER
BUFFER
LABEL2
COUNT2
STORES3

STORE!
BUFFER
BUFFER
BUFFER

BUFFER
BUFFER
BUFFER
BUFFER
BUFFER
BUFFER
BUFFER

STORE1
BUFFER
BUFFER
BUFFER
BUFFER
BUFFER
BUFFER
BUFFER
BUFFER
BUFFER

COUNT ¢

STORE1.

LABEL 1
LABEL2
LABEL3
LABEL1

oo oowo
[=X-F~T~-F=F=10 1=}
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END-CASE
=CASE
-END-CASE
-CASEES

-END-CASE33
a i

001
bGOdTOd
« 3

-NOT-

<4
END-CASE

bIFd
dNOTJEQUALM
bIFdNQTd
cG0dTOd
=-NOT-

.

END-CASE
END-CASEZS

bG0d4TOd
«a
=-NQT=-
.a

IFF

END-IFF

-1FF



APPEND
APPEND
APPEND
APPEND
APPEND
INPUT
APPEND
APPEND
MATCH
BRANCH
BRANCH
APPEND
APPEND
APPEND
ENDUP
KEYWORD
APPEND
APPEND
APPEND
APPEND
APPEND
ENDUP
KEYWORD
EQUAL
APPEND
APPEND
APPEND
DECPTR
ENDUP
KEYWQRD
INCPTR
RESET
MOVE
MOVE
MOVE
APPEND
APPEND
APPEND
APPEND
APPEND
ENDUP
KEYWORD
EQUAL
MATCH
APPEND
INPUT
APPEND
APPEND
MATCH
BRANCH
BRANCH
APPEND
APPEND
APPEND
APPEND
APPEND
APPEND
APPEND
DECPTR
ENDUP
KEYNORD
KEYWORD
INCPTR
RESET
MOVE
APPEND
MATCH

STRING
STRING
STRING
LABEL1
STRING

STOREZ2
STRING
STRING

STRING
LABEL2
STRING

STRING
LABEL3
STRING
LABEL2
STRING

TEMP

STRING
LABEL3
STRING

STRING
COUNT ¢
COUNT 1
STRING
STRING
STRING
LABEL1
STRING

TEMP
STRING
STRING

STOREZ2
STRING
STRING

STRING
LABEL3
STRING
LABEL ¢
STRING
LABEL3
STRING

STRING
TEMP
STRING

LABEL2
LABEL3
BUFFER
BUFFER
BUFFER
STORE2
BUFFER
BUFFER

BUFFER
BUFFER
BUFFER

BUFFER
BUFFER
BUFFER
BUFFER
BUFFER

STORE1
BUFFER
BUFFER

BUFFER

COUNT 1
STORE!
LABEL1
LABEL3
LABEL 1
LABELS
BUFFER

BUFFER .

BUFFER

STORE1

BUFFER
STORE2
BUFFER
BUFFER

BUFFER
BUFFER
BUFFER
BUFFER
BUFFER
BUFFER
BUFFER

COUNT 1
STORE!1
STORE1

OO0 0O0OOO0DO0OO0000
oo m 00000000

woooo
woooo .
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=NOT
-END-IFF

.bIFd
d
)

cNEXTJSENTENCEBELSEcGOQTOd

ELSE
bG0dTOd

END-IFF
a

REPEAT

UNTIL

=REPEAT
=END-REPEAT

UNTIL

¢

bIFd

d

)

bG0dTOd
bELSEcGOSTOd

WHILE
WHILENOT

END-
(



MOVE
MOVE
EQUAL
APPEND
APPEND
BRANCH
APPEND
APPEND
APPEND
APPEND
APPEND
INPUT
APPEND
APPEND
MATCH
BRANCH
BRANCH
EQUAL
APPEND
BRANCH
APPEND
APPEND
APPEND
ENDUP
KEYWORD
KEYWORD
EQUAL
APPEND
APPEND
AFPEND
APPEND
APPEND
DECPTR
ENDUP

COUNT1 -

COUNT 1
STRING
STRING
STRING

STRING
STRING
STRING
LABEL1
STRING

STOREZ2
STRING
STRING

STRING
STRING

STRING
LABEL3
STRING

TEMP

STRING
LABEL1
STRING
LABEL3
STRING

LABEL 1
LABEL3
STORET
LABEL
LABELS

LABEL 1
LABEL3
BUFFER
BUFFER
BUFFER
STORE2
BUFFER
BUFFER

STORE!
BUFFER

BUFFER
BUFFER
BUFFER

STORE!
BUFFER
BUFFER
BUFFER
BUFFER
BUFFER

9¢.

END-WHILE
=WHILE
-END=-WHILE
=WHILENOT
-END-WHILENOT
a

.bIFd

d

)

END-WHILE
eNEXTJSENTEHCEBELSE:GQATOd
cG04TOad

END-WHILE
END~-WHILENOT

bGO4TQd
.a



2. The text of the TABLE BUILDER program

PROGRAM TABLE_BUILDER (FINPUT, FTABLE, FKEYWD, FCHSTR, OUTPUT);

(% This program convarts the translation semantics into
thraeae fila in numaric codas as tha translation referencas x)
CONST
SNAME_LEN = 10; (% langth of nama in translation semantics X*)
$WORD_LEN = 30; (% langth of word in translation semantics X)
$TOTAL_INSTR = 10;: (% numbaer of reqistered commands X)
$TOTAL_STORE = 12; (X numbar of ragistared storagas X)
TYPE
T_MAME = PACKXED ARRAY [1..$NAME_LEN] OF CHAR;
T WORD = PACKED ARRAY [1..$HDRD LEN] DF CHAR;
T_DATA = RECORD
COMMAND, INSTORE, OUTAREA, BRANCH- T_NAME;
STRINGS: T_WORD;
UNUSED_ SPACE: T _NAME " END;
VAR
FINPUT: FILE OF T_DATA: (¥ fila of translation semantics X)
FTABLE, (¥ fila of tha translation codas %)
FKEYWD, Y (X fila of the PDL keywords %)
FCHS5TR: TEXT: 2 (! fila of the character strings ¥)
VA_INSTR: (% tha registaed trans. commands ¥)
ARRAY[1,.STOTAL_INSTR] OF T_NAME;
VA_STORE! (% Tha ragisted runtime storages X)
ARRAY[1..$TOTAL_STORE] OF T_NAME;
VA_STRIN: (% Tha temperary stora of stringsx*)
ARRAY[1..99] OF T_WORD;
DATA_IN: T_DATA; (¥ tha input record %)
CMD, INS, OUT, BRA,
CTR_STR, (% countar of character strings X)
CTR_IND: INTEGER; (¥ counter of trans. samantics ¥)
(% This procadure defines all the refarencing texts and
initial valua of all countar variablas %)
PROCEDURE INIT_BUILDER;
BEGIN
CTR_STR:= 1; CTR_IND:= 1;
VA_INSTR [1]:= 'APPEND Y;  VA_INSTR [2):= '"BRANCH '
VA INSTR [3]:= 'DECPTR '; VATINSTR [4]:= YENDUP ';
—INSTR [51:= *EQUAL ' VA_INSTR [é]:= '"INCPTR ';
VA JINSTR [71:= 'INPUT '; VA_INSTR [3]:= '™MATCH ';
VATINSTR [9]:= 'MOVE il VA_INSTR[10]:= 'RESET ';
VA_STORE [1]:= 'BUFFER ' VA_STORE [2):= 'COUNT! 'i
VAZSTORE [3]:= 'COUNT2 '; VA_STORE [4]:= '"INNER1 ';
VA_STORE [5]:= '"INNERZ '; VA_STORE [6]:= 'LABEL1 v;
VAZSTORE [7]:= 'LABEL2 '; VA_STORE [38]:= 'LABEL3 '
VATSTORE [9]:= 'STORE! '; VA_STORE[10]:= 'STORE2 ';
EN;A —STOREL!11]:= 'STORE3 '; VA_STOREL 12):= 'TEMP '
(% This procedure builds up the code system for the PDL
keywords, and stores thaem into an array structura. %)

PROCEDURE P_SAVE_XEYWORD;
BEGIN NRITELNcFKEYwn, DATA_IN.STRINGS, CTR_IND: 4);
ENER:TEccrn_:ans, *|*, DATA_IN.STRINGS); HRITELN

¥

5



(% This procadura returns equivalent coda for each namae
by refarring %o two (instruction or storage) lists. %)

FUNCTION DECODE(NAME: T_NAME; WHAT: CHAR): INTEGER:;
VAR ANS, It INTEGER;
BEGIN ANS:= 0;
IF WHAT = 'A' THEN BEGIN (X% This name is an instruction nama X)
FOR I:= 1 TO $TOTAL_INSTR DO
IF VA_INSTRLI] = NAME THEN ANS:= I END
ELSE BEGIN (% This name is a storage name X)
FOR I:= 1 TO STOTAL_STORE DO
IF VA_STORELI] = NAME THEN ANS:= I END; DECODE:= ANS;
IF (ANS = 0) AND (NAME <> ! LD ]
EN;HEN BEGIN WRITE('BAD NAME= ', MAME); WRITELMN END

(% This procadura manages a listing of character string
whare stores tha character strings pick up from tha
instructions, and providaes code for them. *)

FUNCTION DESTRG(STR: T_WORD): INTEGER:
VAR ANS, I: INTEGER;
BEGIN ANS:!= 0;
FOR I:= 1 TO CTR_STR DO
IF STR = VA_STRINLI] THEN ANS:= T + $TOTAL_STORE;
IF ANS = 0 THEN BEGIN ANS:= CTR_STR + $TOTAL_STORE;
VA_STRINICTR_STR]li= STR; CTR_STR:= CTR_STR + 1;
WRITELNCFCHSTR, STR, ANS: 5) ~END;
DESTRG:= ANS

(X This procedure reads a name from instruction text,
and rafars procadura 'P_FIND_CODE' to aencoda it. *)

PROCEDURE P_CONVERT_CODES;
BEGI

N
WITH DATA_IN DO BEGIN
CMD:= DECODECCOMMAND, 'A'});
IF INSTORE = 'STRING '
THEN INS:= DESTRG(STRINGS)
ELSE INS:= DECODE(INSTORE, 'S');
QUT:= DECODE(QUTAREA, 'S5));
IF BRANCH = ! ' THEN BRA:= 0
ELSE BEGIN BRA:= (ORD(BRANCHL21) = ORDC'0')) % 10 +
ORD(BRANCHE3]) - ORD('0');
IF BRANCH{1] = '-t THEN BRA:= 0 ~ BRA END;
WRITE(CTR_IND: 3, '|', CMD: 3, INS: 3, OUT: 3,. BRA: 3,
HRITELN(F;AéiE sgggneg. iﬁéjis ouUT, 5, BRA: 83
» i » : ’ : » A 33
exSTR-INDE® CTR_IND + 4 ’

(X The main procedure reads jnst
input file, and en
G?Sair attributas.

INIT _BUILDER; RESET(FINPUT); REWRITECFTABLE);

REMRITE(FKEYWD); REMW ;
i EMRITE(FCHSTR);

READCFINPUT, DATA_IN);
WRITE(' ', DATA_IN.COMMAND:7, DATA_IN.INSTORE:7?,

DATAZIN.QUTAREA:7, DATA-IN.BRANCH:4),
IF DATA_IN.COMMAND = 'K H i
ELSE P CONVERT CODES o UKD THEN P_SAVE_KEYWORD

UNTTL EDF(FINPUT)
END.

ructions one by onae fr
codas instructions by rﬁcognizingom

BE x)

96
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The contents of the command table
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4, The contents of the address table

POL statement index of the first
lead by this translation instruction
keyword to translate this PDL

coaagL 1

KALL 11

SET=-ON 24

SET=-QFF 24

EMABLE 33

DISABLF 33

CASE 53

CASEZ3 ?g

END=-CASE 101

END~-CASESS 101¢

F 113

ELSE 126

END-IFF 162

REPEAT 168

UNTIL 159

WHILE 177

WHILENOT 177

EMD=-WHILE 204

END-WHILENGT 204

The keymxni"dﬁaan"jndbxnxs any embedded
CCOBAL seantance.

99
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5, The contents of the string table

the character strings the code
defined in the translation of this
instructions string
b 13
. 14
d 15
4 16
bCALLA"Y 17
"dUSING 13
c 19
’ 20
) 21
SET-ON 22
bMOVE4SET-T0-0NGTOd 23
BMOVE4SET=-TO0=-QFF4TOd 24
ENABLE 25
bMOVEJENABLE- - 26
bMOVEJDISABLE- 27
dT0 23
END- 29
. END-CASE 30
=CASE 31
-END-CASE } 32
-CASEZS3 ’ 33
-END-CASEZ3 34
a 35
0at 36
bGUOdTOd 37
.a 32
=NQT=- I9
H 4Q
bIFd 41
dNOTJEQUALG 42
bBIFdNQTd 43
eGO0dTQd 44
END=-IFF 45
=-IFF 46
-NOT 47
-END-IFF 43
.bIFd 49
cHEXTJSENTENCEBELSE:GA4TOd 50
UNTIL 51
-REPEAT 52
-END-REPEAT 53
BELSEeGO4TOd 54
END=-WHILE 55
-HHILE 5é
=END=-WHILE 57
-#HILEMOT 58

=END-WHILENOT 59



6.

into the three tables

criginal text of
the translation
instruction

KEYWORD
APPEND
APPEND
MATCH
APPEND
BRANCH
INPUT
APPEND
APPEND
BRANCH
ENDUP

STRING
TEMP

STRING
STRING

STRING
INNER1

KEYHORD

INPUT
MATCH
APPEND
APPEND
APPEND
INPUT
APPEND
APPEND
MATCH
BRANCH
MATCH
APPEND
ENDUP

KEYWORD
KEYWJRD

MAVE
INPUT
EQUAL
APPEND
BRANCH
APPEND
APPEND
APPEND
ENDUP

STRING
STRING
INNER 1
STRING

STRING
INNER1
STRING

STRING
STRING

TEMP

STRING
STRING,

STRING
INNER1
STRING

KEYWORD
KEYWHQORD

APPEND
INPUT
MATCH
EQUAL
APPEND
BRANCH
APPEND
APPEND
APPEND
INPUT
APPEND
APPEND
APPEND
APPEND
APPEND
MATCH
gRANCH
MATCH

TEMP

STRING
STRING
STRING

STRING
INNER1
STRING

STRING
INNERZ
STRING
INNER!
STRING
STRING

STRING

BUFFER
BUFFER

BUFFER

INHER1
BUFFER
BUFFER

IHNER1

BUFFER
BUFFER
BUFFER
INNER1
BUFFER
BUFFER

BUFFER

INNERZ
INNER1
INNERZ
BUFFER

BUFFER
BUFFER
BUFFER

INNERZ
INNER1

INNERZ
BUFFER

BUFFER
BUFFER
BUFFER
INNER1
BUFFER
BUFFER
BUFFER
BUFFER
BUFFER

B DPHWHHHHHWHAAHWENRN
HN OO~ DHHWHN oL

codes of the
index translaticn

A listing of dumping the variables of the TABLE BUILDER
pregram during converting the translation instructions

the "constant"
character string

instructicon of this instructicn
cgpoL
113 1 o0lb
1 12 1 0}
& 14 0 2].
1 14 1 Q.
2 0 a9 a4
7 0 4 al
115 1t ald
1 4 1 8}
2 0 0 -7¢
4 0 0 o0l
KALL
7 0 4 0]
8 14 0 99]¢(
1 17 1  Q|bCALLgG"™
1 4 1 Q]
1 18 1 0]"dUSING
7 0 4& 0}
119 1 0Olc
i1 4 1 0l
320 a0 1,
2 0 a0 -5]|
3 21 0 99])
t 16 1 0Q].
4 0 q ql
SET-0M
SET-0FF
9 12 5 o0l
7 0 4 0}
§ 22 §5 2|3€ET-ON
123 0t OIbMUUEdSET-TD-GNdTUd
2 404 0 1
124 {1 0|bMOVEGSET-TO-QFFdTOd
1 4 1 01
1 14 1 0f.
4 0 0 o0}
ENABLE
DISABLE
1 12 5 0
7 4 4 0]
g2 16 0 99| ¢
5 25 5 2|EMABLE
1 26 1 0|bMOVEQENABLE-
2 0 0 1}
1 27 t 0}{bMOVEJDISABLE-
1 & 1 0f
1 28 1 01470
7 4 4 0]
119 1 0Qle
15 1 0f
1 156 1 0]¢
1t 4 1 0]
121 1 Q)
3 20 0 11,
2 4 a1 -3|
3 2t 0 991

101



original text of . ccdes of the  the "constant"

the translatiecn index translation character string
instruction instruction of this instruction
APPEND STRING BUFFER 00 5t] -1 14 1 0}.

ENDUP 52 4 0 0]

XKEYWORD 53| CASE

KEYWORD 53|CASESS

INCPTR g0 53 § 0 0 ¢

RESET COUNT! 00 54| 10 Q@ 2 0

RESET COUNTZ2 00 55| 10 @ 3 0O

SIS, S S & 3 1R g e
APPEND T 1

EQUAL STRING STORE1 03 58 5 30 9 3|EMD-CASE
MATCH STRING 99 59| 8 1§ 0 99(¢

INPUT STORE2 00 60 7 0 10 0

MATCH STRING 99 61 & 21 @ 99>

MOVE COUNTY LABELY 00 62 g 2 6 0

MOVE COUNTZ2 LABELZ 00 631 9 3 7 0

MOVE  COUNTY LABELI 00 44 9 2 8 40

EQUAL STRING STORE1 03 65 5 30 9 3|END-CASE
APPEND STRING LABEL1 00 46 1 31. 6 0]|-CASE
APPEND STRING LABEL3I 00 &7 1 32 8 0|-END~CASE
BRANCH . 02 48 2 06 0 2

APPEND STRING LABELY Q0 69 1 33 6 0|-CASE23
APPEND STRING LABELI 00 70 1 36 8 0|-END-CASES3
APPEND STRING BUFFER 00 71 135 1 0ofa

APPEND LABEL1 BUFFER 00 72 1 6 1 ¢

APPEND STRING BUFFER 00 73 114 1 Q}.

ENDUP 74 4 0 0 o

KEYWORD 75]1

EQUAL STRING COUNT2 01 75 53 3 1}001
BRANCH 08 76 2 0 0 8

AFPEND STRING BUFFER (0 77 1 37 1 0]/pG0d4TQd
APPEND LABEL3 BUFFER 00 73 1 8 t 40

APPEND STRING BUFFER (00 79 13 t 0f,a
APPEND COUNT1t1 BUFFER Q0 340 1 2 1 4@

APPEND STRING BUFFER 00 31 1t 39 1t 0f{-NOT-
APPEND LABEL2 BUFFER 00 82 1t 7 1 ¢

APPEND STRING BUFFER 00 83| 1 14 1t gf.

MQVE COUNT2 LABELZ @0 34 9 3 7 40

RESET TOUNT2 00 385 ¢ 0 3 @

INPUT STOREZ 00 86 7 011 0

MATCH STRING 9% &7 3 40 0 99]:

EQUAL STRING STOREYt 06 83| -5 30 9 4|END-CASE
APPEND STRING BUFFER 00 89 1 41 {1 O0|bIFd
APPEND STORE2 BUFFER 00 90 110 1 0

APPEND STRING BUFFER 00 91 1 42 1 0|dNOTJEQUALJ
Egéggg STRING BUFFER g; gg % 4§ B

; 1 1 0{bIFdNOT

APPEND STORE3 BUFFER 00 94 111 1 @ i
APPEND STRING BUFFER 00 95 1 44 1 0|cG0dTOd
APPEND COUNT{ BUFFER 00 96 1 2 1 0

APPEND STRING BUFFER 04 97 139 1 go|-NOT-
APPEND LABEL2 BUFFER 04 98 1 7 1t 0

APPEND STRING BUFFER 00 99 1 14 1 0},

ENDUP taa 4 ¢ ¢ 0




original text of codes of the the "constant”

the translation index - translation character string
instruction instruction of this instruction
KEYWORD 10 1| END=-CASE

KEYWORD 101| END-CASE33

EQUAL TEMP STORE! 99 10! 512 9 99

APPEND STRING BUFFER 00 102 1t 37 1 0|bG3adT704d
APPEND LABEL3 BUFFER 00 103 1t 8 1 0

APPEND STRING BUFFER 00 104 133 1 0}f.a
APPEND COUNT1 BUFFER 00 105 1 2 1 0

APPEND STRING BUFFER 00 106 1 39 1 0|=NOT-
APPEND LABEL2 BUFFER 00 107 1 7 1 0

APPEND STRING BUFFER QO 103 138 1 Gl.a
APPEND LABEL3 BUFFER 00 109 1 &8 1 40l

APPEND STRING BUFFER 00 110 1t 14 1 0Q}.
DECPTR 00 t1t] 3 o 0 O

ENDUP 112 4 0 0 0

KEYWORD 113|IFF

INCPTR pg 113] & 0 0 4@

MATCH STRING 929 114 8 16 0 99i¢

RESET COUNTY! 00 1t5] 10 Q@ 2 O

MOVE STRING STORE! 04 114 9 45 9 O|END-IFF
MOVE COUNT1 LABELY 00 117 9 2 &6 0

MQVE COUNT! LABELZ 00 113 9 2 7 0

MOVE COUNT! LABEL3 00 119 9 2 8 0

APPEND STRING LABELt1 00 120 1 46 & 0|-IFF
APPEND STRING LABELZ 00 12! 1 47 7 Q|=-NOT
APPEND STRING LABEL3I :0G 122 1 43 & O|-END-IFF
APPEND STRING BUFFER 00 123 135 1 0fla
APPEND LABEL! BUFFER 00 129 1 6 1 0

APPEND STRING BUFFER 00 125 149 1t 0f.bIFd
INPUT STOREZ 00 126 7 010 ¢

APPEND STORE2 BUFFER 00 127 110 1t Q@

APPEND STRING BUFFER 00 123 115 t 0|4

MATCH STRING g1 129 8 21 0 1})
BRANCH g1 130 2 0 0 1

BRANCH =06 131 2 0 0 -5] -
APPEND STRING BUFFER 00 132 1 50 1 O|cNEXTJSENTENCEBELSE:GO4TOd
APPEND LABEL2 BUFFER 00 133 1t 7 1 @

APPEND STRING BUFFER 00 134 i 14 t 0.

ENDUP 135 ¢ 0 0 a0

XEYWORD . 136 |ELSE

APPEND STRING BUFFER 00 136 1 37 1 0]|bG3d4Tdd
APPEND LABEL3 BUFFER 00 137] .1 &8 {1 O

APPEND STRING BUFFER 00 133} .t 38 1t 40}.a
APPEND LABEL2 BUFFER 00 139 1 7 t 0

APPEND STRING BUFFER 00 140 114 1+ 0f.

ENDUP 161 9 0 0 O

KEYWORD 162 | END-IFF

EQUAL TEMP STORE1 99 142 5 12 9 99|

APPEND STRING BUFFER 00 143 135 1 0la
APPEND LABEL3 BUFFER 00 144 1 8 1t 0

APPEND STRING BUFFER 00 145 1 1¢ 1 0{.
DECPTR 00 146 3 0 0 0

ENDUP 167 § 0 0 0

KEYWQORD 148 | REPEAT

INCPTR 00 148 § 0 0 @

RESET COUNT1 00 149 10 @ 2 40

MOVE STRING STORE1 00 150 9 S1. 9 O|UNTIL
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original text of codes of the the "constant”

;he translation index translation character string
instruction instruction of this instruction
MOVE COUNT1 LABELY 0QQ 151 g 2 4§ ¢

MOVE COUNT 1 LABEL3 00 152 9 2 8 0

APPEND STRING LABEL1 @00 153 1 52 &4 Q0l-REPEAT
APPEND STRING LABEL3 00 154 t 53 § 0|-END-REPEAT
APPEND STRING BUFFER 00 155 135 1 G0fa

APPEND LABEL1 BUFFER 00 156 1 6 1 0

APPEND STRING BUFFER 00 157 1 16 1 0f.

ENDUP 158 4 0 0 0

KEYWORD 159 JUNTIL

EQUAL TEMP STOREY1 99 159 512 9 99

MATCH STRING %9 160 8 16 0 99|¢

APPEND STRING BUFFER Q4 161 1 41 1 0lblIFd

INPUT STORE2 00 162 7 0110 0

APPEND STOREZ BUFFER 00 163 110 t @

APPEND STRING BUFFER 00 164 1 15 1 0jd

MATCH STRING 0t 1651 .3 21 Q@ 1})

BRANCH 1 166 2 0 o0 1

BRANCH -06 167 2 0 0 -6

APPEND STRING BUFFER 00 163 1 37 1 0]|bGOdTOd
APPEND LABEL3 BUFFER 00 169 1 &8 t @

APPEND STRING BUFFER Q0 17Q 1 5 1 Q|BELSE<GQdTAd
APPEND LABEL1 BUFFER 00 171 t 8 1 0

APPEND STRING BUFFER 00 172 133 1 0f.a

APPEND LABEL3 BUFFER 00 173 1 8 t 0

APPEND STRING BUFFER Q0 174 1 14 1 0].

DECPTR ag 175 3 0 0 0

ENDUP 176 4 0 ¢ 0

KEYWARD 177 |WHILE

KEYWORD 177 |[NWHILENOT

INCPTR aq 177 & ¢ 0 1

RESET COUNT1 Q0 178| 10 0 2 O

MOVE STRING STORE1 00 179 9 29 9 O0|END-

APPEND TEMP STOREtY 090 130 112 9 @

MATCH STRING 99 131 3 16 0 99iC

MOVE COUNT{ LABELY 00 132 9 2 & 0

MOVE COUNT! LABEL3 00 133 9 2 8 0

EQUAL STRIMG STOREt!t 03 1384 5 55 9 3|END=-WHILE
APPEND STRING LABEL1 00 185 1 56 6 0O]-WHILE
APPEND STRING LABEL3I 0qQ 184| -1 57 8 ¢l=-END-WHILE
BRANCH g2 187 2 0 0 2

APPEND STRING LABEL! 00 183|. 1 58 6 O|-WHILENQT
AFPPEND STRING LABEL3 00 189 1 59 8 0f{=-END-WHILENOT
APPEND STRING BUFFER 00 190 135 1 0fa

APPEND LABEL1 BUFFER 0C 191 1 6 1 ¢

APPEND STRING BUFFER 00 192 149 1 0|.bIFd

INPUT STOREZ Q¢ 193 7 010 0

APPEND STOREZ2 BUFFER Q0 194 110 1 0

APPEND STRING BUFFER Q@ 195 115 t 4ald

MATCH STRING 0t 196 321 a9 1)

BRANCH 01 197 2 0 0 1

BRANCH -06 98] 2 0 0 -6

EQUAL STRING STORE! 02 199 5 55 9 2|END-WHILE
APPEND STRING BUFFER 00 200 1 50 1 Qf{cNEXTJSENTENCEBLELSE-GQJTOd
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original text of codes of the the "constant”
the translation index translation character string
instruction instruction of this instruction
BRANCH o1 201 2 0 a0 1

APPEND STRING BUFFER 0QQ 202 1 44 1 0]|cGOdTOd

APPEND LABEL3 BUFFER 00 203 1 8 t+ 0

APPEND STRING BUFFER 00 204 1 14 1 0].

ENDUP 205 4 0 0 0

KEYWORD 206 | END=WHILE

KEYWORD 206 | END-WHILENQT

EQUAL TEMP STORE! 99 206 5 12 9 99

APPEND STRING BUFFER 00 207 1 37 1 0|bGddTOd

APPEND LABEL1 BUFFER 00 203 1 4 1 0

APPEND STRING BUFFER 00 209 133 1 0].a

APPEND LABEL3 BUFFER 40 210 1 8 1 0

APPEND STRING BUFFER 04 211 1 14 t 0.

DECPTR 00 212 3 0 0 4@

ENDUP 213 ¢ 0 0 a
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APPENDIX - E

1. The text of the translator program - PREP
2. A sample PDL text
3. The output code of the sample PDL text

4, A listing of variable contents of the PREP program
during translating the sample PDL text



1. The text of the translator program

PROGRAM PREP (FINSTR., FKEYWD, FCHsTR, FPDLIN, FCOBGOL, OUTPUTI;

(x This program usas the translation refarences to
translate PDS codes into dasigned COBOL codaes. x)
CONST
$CMD = 25; ¥ number of translation commands *)
$1ST = 13; (% first coda for all character strings *x)
$LST = 99; (% last coda for all charactaer strings %)
$LINE = 80; (%X lina langth %)
$WORD = 30; (% word length %)
$INSTR = 300; (¥ total numbar of translation sementics )
$STACK = 10; (% total numbar of stack entrias %)
$BUFFER = 255; (¥ langth of output buffar *)
$MARGIN = 72; ¥ right margin of COBOL statement %)
TYPE -
T_BUFFER = ARRAY [1 .. $BUFFER] OF CHAR;
T_LINE = ARRAY [t .. SLINE] OF CHAR;
T_WORD = PACKED ARRAY (1 .. $WORD] OF CHAR:;
IiSTACK = RECORD
Each stack entry is definad as a record of containing 10
charactar strings and their corresponding langth countar.
STORE1/LST! ¢ The end=-markaer of 3 control structure;
STORE2/LST2 : Tha primary storagae of a control structure;
STORE3/LST3 : Tha sacondary storaga of a control structura;
COUNT1/LCT1 * Tha counter for tha control structures;
COUNT2/LCT2 : Tha subcounter of a control structura;
LABEL1/LLLY * Tha start label of a control structure;
LABEL2/LLL2 : Tha internal label of a control structure;
LABEL3/LLL3 : Tha end-label of a control structurea;
INNER1/LINY * Tha primary stora of a nan-control stataments;
INNER2/LINZ : Tha sacondary store of a non-control statameg?.
STOREY, STOREZ2, STORE3, COUNT!, COUNTZ,
LABEL1, LABEL2, LABEL3, INNER1, INNER2: T_WORD:
LST!, LST2, LST3, LCT1, LCT2,
LLLY, LLL2, LLL3, LIN1, LIN2: INTEGER:
END; "
VAR :
FINSTR, (% input fila of tha translation semantics X)
FKEYWD, (% input filea of tha PDL kaywords *)
FCHSTR, (% input filaea of dasignaed charactar strings %)
FPOLIN, (X input fila of the PDL sourca taxt *)
FCOBOL: —_— (X gutput fila of COBOL egquivalent codas *)
VA_CMD, (¥ array to0 hold command code %)
VA_STH, (¥ array +o hold tha input storage namas %)
VA_5T2, (¥ array to hold tha output storage namas %)
VA_BRA: (% array +o hold a branch after comparison %)
ARRAY [1 .. $INSTR] OF INTEGER:;
A_KEYWORD: (% array %9 hold tha PDS kayword )
ARRAY [t .. $CMD] QF T_WORD;
A_XEYADDR: (% array to hold starting addrass of trans.
samantics in *ha VA_CMD array for a kayword ¥)
ARRAY [t .. $CMD] OF INTEGER;
A_STACK: (¥ The run—-time storaga of trans. status x)
ARRAY [t .. $STACK] OF T_STACK:
A_CHSTR: (¥ The designad char. strings to ba rafarradX)

ARRAY

[($1ST .. $LST] OF T_WORD;

197
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The text of the translator program

L_CURR, (% A tamp. spaca of tha input PDL taxt. *)
L_NULL: T LINE; (X A data structure, an array, of 80 blanks %)
BUFFER: (% Tha output
i T_BUFFER:( put pool of tha translator *)
o2 ’ ! ¥ A word spacr of 30 char. of 3*
WNULL * £% A tord 3¢ Elsnks r current use x;
S_VALID Eﬁuunn; ¢
- A ¥ A valid charactar set for PDL statements X)
S-DELIMETER: (X Charactara usad h i L
SET OF CHAR: Q ysad as tha daelimiters in PDL ¥)
P_RESULT, (% A numaric valuae to tall the trans. status *)
P_STACK, (¥ Tha stack pointer %)
P_NUMBER, (% Countaer of managing tha COBOL label namas*)
P_INSTR, (% The indax of currantly used trans. codaes X)
P_BUFFER, (% A pointer of naxt availablae buffar spaca ¥)
$UEN_CUR_LINE, (% Actual length of current input line *)
$LEN_CURIﬁ$EgéR (% actual laength of currently accessd word %)
H

P_CASES: (% Counter of managing tha CASEs label namas¥)
ARRAY [1 .. $STACK] OF INTEGER; .

(%X Al === Claan fialds of current atack antry for body statemanti)
PROCEDURE CLEAN_INNER;

BEGIN
WITH A_STACKIP_STACX] DO BEGIN
D INNER1:= W_NULL; LIN1:= 0; INNER2:= W_NULL; LIN2:= 0 END

(X A2 === claan all fiaelds of currant stack antry *)

;ﬁggﬁnuas CLEAN_ALL;

WITH A STACK[P_STACK] DO BEGIN P_CASES(P_STACK]:= 0;
STORE1:= W_NULL; LSTis= 0; STORE2:= W_NULL; LST2:= 0;
STORE3:= W_NULL; LST3:= 0; COUNT1:= W_NULL; LCT1:= 0;
COUNT2:= W_NULL; LCT2:s 0; LABEL1:= W_NULL; LLL1:= 0;
[ABEL2:= W NULL; LLL2:= 0; LABEL3:= W_NULL; LLL3:= 0;

quun; CLEAN_INNER -

(% A3 =-- give initial valua %o countars and charackter strings ¥)

PROCEDURE INIT_PREPROCESSOR;

VAR CT: INTEGER:

. BEGIH
P_NUMBER:= 0; P_STACK:= 1; P
FBR CT:= 1 TO $WORD DO W_NULL(CT
FOR CT:= 1 TO SLINE DO L_NULLCC
FOR CT:= 1 TO SBUFFER DO BUFFER ;
S_DELIMETER:= ['(', "', "»'» ! ; vy
STVALID_CH:= ['A' ,, 'Z%, '0' .. '9%,

Va1, a1, 1%t tpr, t=t] 4+ S_DELIMETER;

A_STACX[1].LABEL3:= '000-END '

EN%LEAN_ALL: . WRITELMN{FCOBOL, ' 000=BEGIN.")

-1; P_BUFFER:= 0;

LT:
L
1
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The text of the translator program

(%X 3 == raad rafarencing data Into defined data storagas %)

PROCEDURE FILL_TABLES;
gggl I, Jt INTEGER; JUNK: CHAR:

RE;ET(FINSTRJ: I:= 1;

READCFINSTR, VA_CMD(I], VA_STI1[I], VA_ST2(I1, VA_BRA[II);
I:=2 1 + 1; READLNCFINSTR)

UNTIL EOF(FINSTR);

RESET(FKEYWD); I:= 1;

REPEAT '
A_KEYWORD{I]:= HW_NULL; Ji= 1
REPEAT
READCFKEYWD, A_KEYWORDLI, J1); Jiz= J + 1

UNTIL J > $WORD:
READ(FKEYWD, JUNK); READ(FKEYWD, A_KEYADDRIII1);
I:=1 + 1; READLNCFKEYWD)

UNTIL EOF {FKEYWD);

RESET (FCHSTRJ; I:= $1ST;

EPEAT
A_CHSTR[IJ:= W_NULL; Ji= 1;
REPEAT
READCFCHSTR, A_CHSTRII, J1); Jiz J + 1
UNTIL J > $HURD'

I:t= 1 + READLN(FCHSTR)
ENgNTIL EDF(FCHSTRJ.

(¥ C =——— translate PDL codae into dafinad COBOL coda %)
CEgCEDUEE TRANSLATOR:;
P_PRINT, (X A counter of printing translation raesult X)
CUR _LINE_PTR, (¥ Tha pointer of tha current input lina x)
PRI LIHE PTR, (¥ Tha pointar of holding thae pravious poa. ¥)
g;g:g 1, (%X Tha copy of tha oparands of tran. codas X)
!RANCH' INTEGER:
(% C1 === pick up 3 word or *a character from input line %)
;Eg?EDURE GET_WORD(VAR WD: T_WORD; VAR LN: INTEGER);
¥
WD:= W_NULL LN:= 0; (% claan up the temporary spaca x)
WHILE TL cunnrcua LINE_PTR] = ' ') AND

(CUR_LINE_PTR < SLEN_CUR_LINE) DO (X% no laading blank ¥)
CUR_LINE_PTRY= CUR_LINE_PTR + 1;
IF CUR_LINE_PTR > SLEN_CUR_LIME THEN P_RESULT:= =2
ELSE IF L_CURR(CUR_LINE_PTR] IN S_DELIMETER THEN BEGIN
WDC1):= L_CURRLCUR_LINE_PTR]; LN:= 1;
CUR_LINE_PTR:= CUR_LINE_PTR + 1 END
ELSE BEGIN
REPEAT LN:= LN + 1; WDCLNI:= L_CURR{CUR_LINE_PTRI;
CUR_LINE_PTR:= CUR_LINE_PTR + 1
UNTILTCLN > $WORD) OR (CUR_LINE_PTR > $LEN_CUR_LINE)
OR (L_CURR[CUR_LINE_PTRT IN S_DELIMETER) END;
WRITECWD); IF WD = W_NULL THEN P_RESULT:= -2;
. IF WD = 'END ' THEN P_RESULT:= =3
ND;



The text of the translator program

(X C2 === Find tha required data storage

PROCEDURE REQUIRE
lEé?TORE ID: INTEGER; VAR A_WORD: T_WORD; VAR LEN: INTEGER);
WITH A_STACKLP STACKI D0 CASE STURE ID OF
2= BEGIN A _WORD:= COUNT1; LEN:= WORDLENCA_WORD) END;
3: BEGIN A_WORD:= COUNT2; LEN== MQRDLEHCA_WORD) END;

G6: BEGIN A HORD = TNNER1; LEM:= WORDLENCA_WORD) END;
5: BEGIN A NURD== INNER2; LEN:= WORDLENCA_WORD) END:
6: BEGIN A _HORD:= LABELt; LEN:= WORDLEMCA_WORD) END;
7: BEGIN A_WORD:= LABEL2; LEN:= WORDLEN(A_WORD) END;
8: BEGIN A_WORD:= LABEL3; LEN:= WORDLEM(A_WORD) END;
9: BEGIMN A_WORD:= STORE!; LEN:= WORDLEN(A_WORD) END;
10: BEGIN A_WORD:= STORE2; LEN:= WORDLEN(CA_WORD) END;
11: BEGIN A_WORD:= STORE3; LEM:= WORDLEM(A_WORD) END;
E"EZ= BEGIN A_WORD:= W_CURR; LEN:= $LEN_CUR_WORD END
END;

%)

(¥ C3 —== attach a word to another and %runcated it if too laong X)

PROCEDURE CON_WDCA:T_WORD; L:INTEGER; VAR B:T_WORD; VAR M:INTEGER);

VAR I: INTEGER;
BEGIN I:= 0;
WHILE (M <= $WORD) AND (I <= L) DO BEGIN M:= M + 1;
- I:= 1+ 1; B(MI:= A[LI]l END ; WRITE(B)
H

(¥ C4 === aktach 3 word to buffar, aerror if buffer full

PROCEDURE CON BU(A _WORD: T_WORD; A_LEN: INTEGER);
VAR I: INTEG
BE?IN o
X
NHILE (P_BUFFER <= $BUFFER) AND (I <= A_LEN) DO BEGIN
1 ;Fﬁaza E BUFFER + 1;  BUFFERCP_ BUFFER]:= A_WORD(II;
= +
EN%F P_BUFFER > SBUFFER THEN P_RESULT:= 5 (% buffar full

(% C5 === racognize a keyword to dacide translation or copying

PROCEDURE RECOGNIZER:
VAR CT: INTEGER;
BEGIN
P_INSTR:= 1;
FOR CT:= t TO $CMD DO
- IF A_KEYWORD(CT] = W_CURR THEN P_INSTR:= A_KEYADDR[CT]

(4% C0 === return langth of a string in uﬁrd typﬁ

FUNCTION WORDLEN CA_WORD: T_WORD): INTEGER;
VAR ©: INTEGER:
BEﬁﬁ?LE (1 SHORD; (11
> 0) AND (A_WORDCI] = t ¢ -
_ iorblells’y ) DO It= I = 1;

%)

*)

x)

%)

110



The text of the translator program
(X 01 === Append a char. string to ona anothar, ktruncata axtra XA}

PROCEDURE P_APPEND;
gggxa _WORD: T_WGRD; A_LEN, I: INTEGER;
IF STORE_! = 1 THEN P_RESULT:=
ELSE IF §TURE 1= sTuEE THEN P RESULT:= 8
ELSE BEGIN
IF STORE_1 = 12
THEN BEGIN A_WORD:= W_CURR; A_LEN:= $LEN_CUR_WORD END
ELSE IF STORE_! < 12 THEN REQUIRE(STORE_T, A_WORD, A_LEN)
ELSE BEGIN
_WORD:= A_CHSTRC{STORE_1]; A_LEN:= WORDLENCA_WORD) END;
IF STORE_2 ="1 THEN CON_BUCA_WORD, A_ LEHJ
ELSE IF NOTC(STORE_2 IN (2..171) THEN P_RESULT:= 9
ELSE WITH A_STACXIP_STACK] DO CASE sToRE_z oF

27 CON NDTA _WORD, "A_LEN, COUNT!, LCT1);
3: CON ND(A HURD- A_LEN, COUNT2, LCT2);
6: CON_WDCA_WORD, A_LEN, INNER!, LIN1);
S: CON_WDCA_WORD, A_LEN, INNER2, LIN2);
§: CON_WDCA_WORD, A_LEN, LABEL1, LLL1);
7¢ CON_WDCA_WORD, A_LEN, LABEL2, LLL2);
8: CON_WD(A_WORD, A_LEN, LABEL3, LLL3):
9: CON_WDCA_WORD, A_LEN, STORE1, LST1);
10: CON_WDCA_WORD, A_LEN, STORE2, LST2);:
5"0112 CON_WDCA_WORD, A_LEN, STORE3, LST3) END
END;
(¥ 02 === branch thae execution route of tha translation *)
PgUCEDURE P_BRANCH;
IF BRANCH = -1 THEN P_RESULT:= 11 )
ELSE P_INSTR:= P_ INSTE + BRANCH:;
END;
(¥ 03 === Dacreasa tha stack-pointer *)
PROCEDURE P_DECPTR;
BE?; P_STACK THE j
s 1 N RESULT:= 2 |
ELSE™P_STACK:= P STACK o (X stack undarflow X)
END;
(% 04 -=-= adit buffer contents into COBOL format x)

PROCEDURE P_ENDUP;
VAR cr, START, I, J, K: INTEGER;
L_TEMP: T_LINE;
BESIN™
WRITELN; FOR I:= 1 TO 65 DG WRITE('='); I:= 1; J:= 64;
REPEAT IF J = 66 THEN BEGIN WRITELM; J:= 1 END;
HRITE(BUFFER[IJ), It= I+ 1; Jiz J + 1
UNTIL I > P BUFFER:
WRITELN; CT:= 1;



The text of the translator program

REPEAT J:i= CT:
IF BUFFERICT] IN ['a' .. 'c']
THEM START:= (ORD(BUFFER[CTI) - ORDC'a') + 2) %4;
REPEAT J:= J + 1; L_TEMP:= L_NULL;
IF (BUFFER{J] IN c'a' .. 'd'T) OR (J > P_BUFFER)
THEN K:= J
UNTIL (BUFFERLJ] IN ['a' .. 'e¢'DD
OR (START + J = CT = $HARGIN) OR (J > P_BUFFER);
FOR I:= CT +# 1 TO K - t DO IF BUFFER{I] <> 'd"'
THEN L_TEMPL{START+I-CT-1]:= BUFFER(II];
FOR I:= 1 TO $LINE DO NRITE(FCUBOL, L_TEMPLI]);
WRITELNCFCOBOL); CT:= K
UNTIL CT > P_BUFFER;
FOR CT:= 1 TO $BUFFER DO BUFFER([(CT]:= ! ';
BUFFERss 0; P_RESULT:= =1;  CLEAN_INNER

(% 05 --- Compare a storage contant with ona anothar's content X)

PROCEDURE P_EQUAL:;
Vﬁ“; A_WORD, 3_WORD: T_WORD; A_LEN, B_LEN: INTEGER:
BEGIN™
IF STORE_1 < 2 THEN P RESULT'= 9
ELSE IF STGRE 1 > 12 THEN A_WORD:= A_CHSTR{STORE_1]
ELSE REQUIRE(STORE_1, A_WORD, A_LEN);
IF (STORE_2 < 2) OR csruas _2 > 12) THEN P_RESULT:= 9
ELsE REQUIRE(STORE_2, B_WORD, B_LEN):
IF A_WORD <> B_WORD THEN BEGIN .
IF BRAHCH =99 THEN P_RESULT:= §
ELSE P_INSTR:= P_INSTR + BRANCH END

END;

(% 06 === Increasa the stack pointar ) *)
PROCEDURE P_INCPTR;

BEI% P_STACX = QSTACK THEN P_RESULT:= 1 (% stack ovarflow X)
ENE%SE P_STACK:= P_STACK + 13 CLEAN_ALL

(% 07 =--— Gat a word from lﬁput taxt to a destinated storage %)

;Eggsnuas P_INPUT;

IF CUR_LINE_PTR <= $LEN_CUR_LINE

THEN IF STORE_2 IN (2..71]

THEN WITH A STACK[P STACKX] DO CASE STORE_2 GOF
2: GET_WORDCCOUNT!, LCT1);  3: GET_WORDCCOUNT2, LCT2);

4: GET_WORDCINNER1, LIN1);  5: GET_WORDCINNER2, LIN2);
6: GET_WORDCLABEL1, LLL1); 7: GET_WORD(LABEL2, LLL2);
8: GET_WORDCLABEL3, LLL3); 9: GET_WORD(STQRE{, LST1);
g GET_WORD(STORE2, LST2); 11: GET_WORD(STORE3, LST3)

1
EN

ELSE RESULT:= 4 (¥ data can only move into into stack X)
ruELSE P RESULT z -2 '
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The text of the translator program

(%X 03 === match a charactaer on input line with a giving char. %}
PROCEBURE P_MATCH;

IF CUR_LINE_ PTR > SLEN_CUR_LINE
THEM P_RESULT:= =2 (X and of input lina. try next line *)
ELSE BEGIN FRI _LINE_PTR:= CUR_LINE_PTR
GET_WORD(W_CURR, $LEN_CUR_WORD);
IF W_CURR <> A_CHSTRISTORE_11
THEN IF BRANCH = 99
THEN P_RESULT:= 3 (¥ unmatch tha expectad word, arror! ¥}
ELSE SEGIN CUR_LINE_PTR:= PRI_LINE_PTR;
_INSTR:= P_INSTR + BRANCH END
— ELSE END

(% 09 === Mova a storaga content to one anothar data storage *x)

PROCEDURE P MUVEI :
VAR A_WORD: T_WORD; A_LEN, I: INTEGER;

BEGIN™
IF NOTC(STORE_2 IN (2..111) THEN P_RESULT:= 9 (¥ must on stack )
Etgg ggﬁ?;oni { = STORE_2 THEN P_RESULT:= (% in = out %)

IF STORE_! IN [2..12] THEN REQUIRE(STORE_!, A_WORD, A_LEN)
ELSE BEGIN A_WORD:= A_CHSTRLSTORE_11;

LEN:= HORDLEN(A WORD) END;
HITH A_STACK[P_STACK] DO CASE STORE_2 OF

1 BEGIN COUNT1:= A_WORD; LCT17= A_LEN END;
3: BEGIN COUNT2:= A_WORD; LCT2:= ALEN END;
4: BEGIN INNER1:= A_WORD; LIN1:= A_LEN END;
5: BEGIN INNER2:= A_WORD; LIN2‘= A_LEN END;
é: BEGIN LABEL1:= A_WORD; LLL1:= A_LEN END;
7: BEGIN LABEL2:= A_WORD; LLL2:= A_LEN END;
8: BEGIN LABEL3:= A_WORD; LLL3:= A_LEN END;
9: BEGIN STORE1:= A_WORD; LST1:= A_LEM END;
10: BEGIM STORE2:= A _WORD; L5T2:= A_LEN END;
ENET= BEGIN STORE3:= A_WORD; LST3:= A_LEN END;
END
END;
(% 10 === Resat the stack countar for COBOL label namas %)
PROCEDURE P_RESET: '
gégzé. J, X7 INTEGER; A_COUNT: T_WORD:
IF NOT (STORE_2 IN (2,.31)
THEN P_RESULTT= 10 (% +this command only works on countars ¥)

ELSE WITH A_STACK[P_STACX] DO BEGIN
IF STORE_Z = 2
THEM BEGIN P _NUMBER:= P_NUMBER + 1; J:= P_NUMBER END
ELSE BEGIN P_CASES[P_STACK]:= P_CASES[P_STACK] + 1;
Ji= P CASEEtP STACEI END;:
%:3 1007 A_COUNT:= W_NULL;
FOR I:= 1 TQO 3 D@ BEGIN
A_COUNTII]:=2 CHR(J DIV K + QRD('0'));
JT= J MOD K; K:= K DIV 10 END;
IF STORE_2 = 2
THEN BEGIM COUNT1:= A_COUNT; LCT1:
ELSE BEGIN COUNTZ2:= A_COUNT; LCT2:

END;

s END
= 3 END
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The text of the translator program

(% 99 === main procaedure of tha translator %)

BEGIN
FOR P_PRINT:= 1 TO 65 DO WRITE('='); WRITELM;
FOR P_PRINMT:= 1 TO $LINE DO WRITE{L_CURR[P_ PRIHT]): HWRITELN;
CUR_LINE_PTR:= 1;
WHILDE (CUR_LINE_PTR < $LEN_CUR_LINE) AND (P_RESULT > =-3)
AND (P_RESULT ¢ 1) DO BEGIN
IFP ESULT = = 1 THEN BEGIN GET_WORD(W_CURR, $LEN_CUR_WORD);
EITELR, RECOGNIZER END;
IF (P_RESULT = =2) OR (P_RESULT = =1) THEN P_RESULT:= 0;
REPEAT BRANCH:= VA_BRA[PTINSTRI;
STGRE_1:= VA_STI1TP_INSTR]: STORE_2: VA _ST2[P_INSTRI;
WRITELN; WRITE(® RY, P RESHLT z. ~L=¢, STEN _CUR_LINE:2,
1 C=', CUR_LINE_PTR:2, a1, sTAcx z. ' NSY, P_NUMBER:2,
1 r=9, P_INSTR:S, ' a~', p BUFFER 3, ' W=t,SLEN_CUR_WORD:2,
' t',vn CMDCP INSTR]:3, STORE_1:3, STORE_2:3, BRANCH:3,'1%);
CASE VA CMD[P TINSTR] OF
t:+ PTAPPEND; 2t P_BRANCH; 3! _HECPTR; 4: P_ENDUP;

§: P_ EQUAL; §: P_INCPTR; 7+ P_INPUT; 3: P_MATCH:;
9: P_MOVE; 10: P_RESET:
END; Irrp RESULT = 0 THEN P_INSTR:= P_INSTR + 1
UNTIL P RESUL? < END
END;
(¥ D =-— rgad 2 input text line and hold it %)

PROCEDURE GET_INPUT;
VAR CH: CHAR;  I: INTEGER;
BEGIN
L_CURR:= L_NULL; I:= {;
REPEAT
READ(FPDLIN. CcHY;
IF CH IN VAan_ca THEN BEGIN
RREII = CH; I:= I + t END
ELSE IF CH IN ['37,'<"]
THEN IF I > 1
THEN IF CH = '3¢
THEN neszn L_CURR{Il:= ' ?; 1I:=1 = 1 END

ELSE I:
ELSE HRITELN('THIS IS A NULL LINE")

ELS
UNTIL (I > $LINE) OR EOLN; I:= 30
WHILE (I > 0) AND L CURRII] = ! ') DO I:= I - 1;
END$LEH CUR_LINE:= I

(X E ==- print cut arror mé;sagos and translation raesults *x)

SES?EDURE ERROR_MESSAGE:
WRITELN;: HRITELN, WRITELN;
CASE P_RESULT Q
HRITELH('Error' Stack ovarflow.');
t WRITELM('Error! Stack undarflow.');
: WRITELN('Error! Unmatch the expacted charactar.'):;
¢ WRITELM('Error! Incorrect translation coda.');
¢ WRITELN('Error! Buffer full.');
t WRITELN('Error! Unmatch block—end labael.');
t WRITELN('Trans. coda error! Input store musk ba a uerd.');
! WRITELH('Trans. coda errcr! Input equal ko output.’
! WRITELN('Trans. coda arror! Stack storagas raquirad. ).
t WRITELH('Trans. coda error! Counter field rnqutrad.')-
t WRITELH('Trans. coda arror! bad branch coda.')

u_oamqomnmma

m
L S

END;
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=== main procaedure; tha primary controllar %)

IT_PREPROCESSOR; FILL_TABLES:
RESET(FPDLIH); REWRITE(FCOBOL);
REPEAT

GET_INPUT; TRANSLATOR;
UNTIL (P_RESULT > @) OR (P_RESULT = =3);
IF P_RESULT > 0 THEN ERROR_MESSAGE
ENELSE WRITELNCFCOBOL, ! 000-END.')

2. A sample PDL text

KiLL EMPLOYEE (NAME,ADDR. SSN)
CASE (EMPL-CODE)
11t SET-ON EXEC-CODE
12 IFF (SSN EQUAL BAD-SSN)
DISABLE EXEC-STAT (EXEC-NUM, EXEC-SER)
MOVE 99 TO SET-DOWN.

LSE
ADD t TO CTR.
END-IFF
:3: WHILE (EXEC-STAT NOT EQUAL )
KALL EXEC (ERROR, NAME, SSN, ADDR)
END-#HILE
EMD=-CASE
MOVE 1t TQ CTR-EMPL.
REFEAT
KALL PRINT-FORM (CTR- ENPL. NAME, S35N)
ADD 1 TQ CTR-EMPL.
UNTIL (CTR=EMPL LARGE THAN 10Q)
SET-0FF EXEC
gEND



3. The output code of the sample PDL text

000-BEGIN.
CALLN;EQPLDYEE' USING

00 1-CASE.
IF EMPL—CUBE NOT EQUAL 1

TQ 091-NOT=-001.
MOVE S =T0~-ON C-CODE.

GO TO 1-END-CASE.
001-NOT=-001

IF EMPL-CODE NOT EQUAL 2
o GO TGO 001-NOT-002.

IF SSN EQUAL BAD-SSN
NEXT SENTENCE

E
GO TO 002-NOT.

MOVE DISABLE-EXEC-STAT TO
DISABLE(EXEC-NUM)
DISABLE{EXEC-SEQ).

MOVE 99 TO SET-DAWN.

GO TQ 002-END-IFF.

002-NOT.

ADB 1 TD CTR.

go2-

GO TO 001-END-CASE.
00 1-NOT=002.
IF EMPL-CODE NOT_EQUAL 3
GO TO 001-NOT-003.
003-WHILE.
IF EXEC-STAT NOT EQUAL 0
NEXT SENTENCE
ELSE
GO TO 003 -END-WHILE.
CALL "EXEC™ USING
ERROR
NAME .
SSH

ADDR.
GO TO 003-WHILE.
003-END-WHILE.
GO TQ 001-END-CASE.
00 1=-NOT=-003.
00 1-END-CASE.
MOVE I TO CTR-EMPL.
004-REPEA
CALL "PRIHT-FURH" USING
CTR=EMPL
NAME
SSH.
ADD 1 TO CTR-EMPL.
IF CTR-EMPL LARGE THAN 100
GO TO 004=-END-REPEAT

ELSE
GO TO 004-REPEAT
004~-END-REFPEA
MOVE SET- TD -gFF TO EXEC.
0QQ-END.

116
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4, A listing of variable contents of the PREP program
during translating the sample PDL text

This listing is created during the execution of the
translator, The following descriptions explain the
meaning of each numeric values or symbols.

'szasza=zaz=a' line indicates the beginning point of
translating a line of PDL text,

The text right after '=======' line is the current
PDL input text.

A "word" after the PDL input text is a keyword read
by the °"GET_WORD" subprogram of the translator,

The lines after the blank line are the value of the
selected variable in executing a subprogram of the
translator.

'R' is the return code of the translator;
When an error occurred, the value of 'R' is
any number greater than 2zero,
When 'R' is zeroc, the translator is in normal
translation status,
When 'R' is '=1l', it is the end of an PDL statement.
When 'R' is '-2', it is the end of the input line.
When 'R' is '=3', it is the end of entire PDL tex:.
'L' is the actual length of current PDL input line,
'C' is the position on the 'anut line"” where a “word"
will be fetched,
'S' is the value of the stack polnter.
'N' is the number to ideantify a PDL control structure,
'I'" is the value of the instruction counter which
ig the index of the translation instruction.
'B' is the number of characters in "buffer” area.
'W' is the length of the currently used "word" on
the "input line®.
The numbers within '[' and ']' are the currentlv
used translation instructions in "command table",
The character string after ']' is currently read
fzom the "input line".

!«==—<—w===x! line indicates the end of translating a PDL

statement,

The line(s) after the '-=—meaa—aa- ' line is the contents of
*huffer® area.
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3003-WHILE, bIFJEXEC-STATINOTJEQUALJOdcNEXTJSENTENCEDELSEcGO4TO400
3=-END-WHILE.
===

SIS s IS S ST I E SIS NI E S S E S S IS ES S SEISSESESSE=SSSSEIsSSSaIsS=s====3

KALL EXEC (ERROR, NAME, SSN, ADDR)

R 0 L=66 C=247 S= 3 N= 3 I=199 B= 37 W= 1 [ 5 55 9 2]
R 0 L=46 C=247 53 3 N= 3 I=200 B= 37 W= 1 [ 150 1 4@}
R 0 L=46 C=347 S= 3 N= 3 I=201 B=63 W= 1 [ 2 0 0 1]
R 0 L=46 C=47 S= 3 N= 3 I=203 B= 63 W=t [ 1t & 1 0]
R O L=d46 C=47 S= 3 N= 3 I=204 B= 76 W= 1 [ 1 14 1 0]
R O L=46 C=47 5= 3 N= 3 I=205 B= 77 W= 1 [ 4 0 0 0]
a

KALL

RO L=54 C225 S5 I N= 5 I= 11 8= 0 W3 4 [ 7 0 & O0JEXEC
R O L=54 C=30 S= 3 N= 3 I= 12 8= 0O W=46 [ & 16 0 991¢
RO L=54 C=32 S= 3 N=3 I= 13 8= 0 W= 1[ 117 1t 0]

R 0O L=546 C=32 53 3 N= 3 I= 14 B= 7 W=1[ 1 4 1 0}

R 0 L=54 C=32 §= 3 N= 3 I= 15 B= 11 W= 1 [ 118 1 @]

R 0 L=56 C=32 5= J N= 3 I= 16 B= 18 W= 1 [ 7 0 4 O]ERROR
R 0 L=56 C=37 S 3 N= 5 I= 17 B= 18 W= 1 [ 1 19 1 0]

RO L=54 C=37 5= 3 N= 3 I= 13 B= 19 W= 1 [ 1 & 1t Q]

R O L=54 C=37 S= 3 N= 3 I= 19 B= 2¢ W= 1 [ 8 20 0 1],
RO L=54 C=33 S= 3 N= 3 I= 20 B= 24 W= 1 [ 2 0 0 -5]

R O L=59 C=33 S= 3 N= 3 I= 16 B= 24 W= 1 [ 7 @ & QINAME
RO L=56 C=63 S= 3 N= 3 I= 17 B= 24 W= 1 [ 1 19 1 0]

RO L=564C=43 3= 3 N= 5 I= 18 B=2 25 MW=t [ 1 & 1 0]

R 0 L=54 C=43 S= J N= 3 I= 19 B=29 W= ¢t [ 3 20 0 1],
RO L=2546 C=44 5= 3 N= 3 I= 20 B=29 W= 1( 2 0 0 =-5]

R O L=56 C=449 S= I N= 3 I= 16 B= 29 W= 1 [ 7 0 & Q]SSN
RO L=54 C=68 S= 3 N= 3 I= 17 B=29 W=t [ {1 19 1 @]

R O L=54 C=48 S=3 I N= 3 I= 18 B= 30 W= 1t [ 1 4 1 a]

R 0 L=59 C=48 S= 3 N= 5 I= 19 B= 33 W= 1 [ 820 0 1],

R 0 L=56 C=49 S= 3 N= 3 I= 20 B= 33 W= 1 [ 2 0 0 =-5]

R 0O L=54 C=49 S= 3 N= 3 I= 16 8= 33 W= 1 [ 7 0 4 OiADDR
RO L=54 C=56 S= 3 N= 3 I= 17 B= 33 W= 1 [ 119 1 Q0

RO L2564 C=54 S= 3 N= 3 I= 183 B= 34 W= 1 [ 1 4 t 0]

RO L=54 C=54 S= 3 N= 3 I= 19 B= 38 W= 1 ( 820 0 11)

R 0O L=54 C=54 S= 3 N= 3 I= 21 B= 383 W= 1 [ 8 21 0 99])

R 0O L=54 C=55 5= 3 N= 3 I=22 8= 33 W= 1 [ 1t 14 1t 0]

RO L=56 C=55 5= 3 N= 3 I=238=39W=1[ & 0 0 0]
BCALLQ"EXEC"dUSINGCERRORCNAMECSSNcADDR.

EEESEEESSE S EE TSI EE S S SN EEESSSaSSI=ESS=SSES===S=sSsSssS=E==

END-WHILE

END-WHILE -

R O L=27 €=28 S= 3 N= 3 =206 B= Q W=9 [ 5 12 9 99]

R 0 L=227 C=228 S= 3 N= 3 I[=207 B= Q0 W=9 [ 137 1 0]

RO L=27 C=28 S= 3 N= 3 I=208 B= 7 W=9 [ 1 6 1 0]

R Q L=27 C=28 53 3 N= 3 =209 B= 16 W=9 [ 1 38 1 0]

RO L=227 C=28 S= 3 N= 3 =210 8= 18 W= 9 [ 1 3 1 0]

R 0 L=27 C=28 5= 3 N= 3 [=211 B= 31 W= 9 [ 114 1 4a]

R 0 L=27 C=28 $= 3 N= 3 I=212 B= 32 W=9 [ 3 0 0 0]

RO L=27 C=28 S= 2 N= 3 I=213 B= 32 W=9 ([ 4 0 0 0]

bGOdTOd0Q3~WHILE,a003~END-WHILE.

i+ 3 RS S S S EFEEE R E A EEE R E R E S AR RL AR R EE A A AR T RR i

END-CASE

END=CASE

RO L=20 C=21 S= 2 N= 3 I=101 B= Q W= 8 [ 5 12 9 99]
R 0 L=20 C=21 $S= 2 N= 3 [=102 B= OQ W= 38 [ 137 1 0]
RO L=20 C=21 5= 2 N= 3 I=103 B= 7 W=38 [ 1 &8 1 0]
R 0 Ls20 C=21 S= 2 N= 3 I=104 B= 19 W= 8 [ 1 33 1 0]
R O L=20 C=21 S= 2 N= 3 I=105 B= 2t W= 3 [ 1 2 1 @]
R O L=20 C=221 §= 2 N= 3 I=106 B= 26 W= &8 [ 1 39 1 4]
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The structured programming method improves the readability and
modifiability of computer programs. It reduces the cost of sortware
development. This method is not sasily applied to COBOL, since COBOL is not
equipt with enough control statements. The purpose of this study is to
define a program design language(PDL) for COBOL and to create a tranalator for

the transltion of this PDL.

The statements of the PDL include the control statements and the
preprocessor statements. The countrol statements are used to build up
. sequence, selection, and iteration control structures in a COBOL program.
The preprocessor statements substitute some original COBOL sentences are

inserted into the control structures as the structure body.

A table-driven technique is employed to make a flexible tramsltor
for this PDL. The table-builder program comverts the translatiom sementics of
the PDL statements into entries in the tables. The translator wuses these
tables to translate the PDL statements. When changes occur in PDL, new

translation tables will be built for the new PDL.

This study provides the COBOL programmers with an easy approach to
structured programming and allow the user a flexible flexible implementation

for the PDL.
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