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FINAL REPORT

This document was produced to satisfy the requirements
of contract number F30602—76—C—0408 with the Rome Air
Development Center. It is one of four companion

* JOVIAL Structured Design Diagramer (JSDD )
Repor t Summar y

This document is a summary of the contents of
the JSDD Final Report.

* JOVIAL Structured Design Diagrammer (JSOD )
Final Report

This volume presents the design techniques
for implementing the JSDD and describes the
use of Structured Design Diagrams.

* JOVIAL Structured Design Diagracwner (JSDD )
Program Descr ipt ion V

This volume presents a detailed description
of the program imp lementat ion for pur poses of
maintaini ng and/or modi fying the JSDD.

* JOVIAL Structured Design Diagrammer (JSDD ) V

User’s Manua l

This volume presents the user~s view of the
J 500 alon g w ith user opt ions and ot her
information about running the program.
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I. Introduction

In recent years , the digital computer software industry has
directed considerabl e effort toward the development of V 

-

design and implementation methodologies to ensure the
sufficiency, reliability, an d ma intaina bi l ity of software
systems. The most widely known product of th is effor t is
the loosely defined set of des ign and programm ing pract ices

V 

called “Structured Programming” (see references 1 , 2, and
3). - 

-

Structure d Pro gramm ing does not cons t itute a comp lete
software development methodology. Rather, it is a
collect ion of general gu idel ines for use by soft ware
designers and implementors. As such, it provides no uniform
approach to system design and offers no method of evaluating
system sufficiency with respect to requirements or design.
Despi te these shortcom ings, adherence to Structured
Pro gra mming pr inc iples can be of grea t ass istance in
producing software systems which are reliable and
intellectually manageable.

The techniques of Structured Programming are sufficiently
general to a llow syst em devel opers a tremen dous amoun t of
stylisti c freedom. However , the generality of the
techniques has made the development of a standard approach
to software analysis extremely difficult. The prototype
JOVIAL Structured Design Diagramer (JSDD ) is the first
componen t of an inte gr ated software anal ysis and
documentation system which will address itself to this task.

The JSDD is an automated analysis and documentation system
• which produces two types of diagrams ’ Structured Design
V Diagrams (SDDs ) and Invocation Diagrams. SODs provide a

graphic display of program control logic. Invocation
Diagrams are a display of a software system’s funct ional

V (call ing ) structure.

The JSDO processes digital computer programs wri tten in V

either JOVIAL .13 or Extended JOVIAL J3. Extended JOVIAL J3
is standard JOVIAL J3 as specified in reference 4 with the
addition of structured extensions (see Section 6) which are

V based upon reference 5.

The symbology employed in the Structured Design Diagrams
emerged as a result of research at Draper Laboratory
di recte d towar d the development of a software system

6
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specification methodology. This symbology is inherently
suited to portray the nested logical sequences in a modern
structured computer language. because the symbology is
ta i lore d to structured programs , its utility diminishes when
it is used to diagram a program th~t makes liberal use of
Goto statements or other unstructured language constructs.
Since JOVIAL J3 lacks certain structured programihing
mechanisms which eliminate the need for Goto statements,
thes. mechanisms have been added as allowable programming
tiatures in programs submitted to the JSDD. It is assUmed
that such programs would have to be subjected to a
preprocessor before submission to a JOVIAL J3 compiler.
Such a preprocessor has been supplied as a deliverabl e item
with the JSDD. Sections 5 and 6 discuss the JOVIAL J3
syntax , the JOVIAL J3 structured extension syntax, and the
preprocessor .

The JSDD is implemented in JOVIAL J3 as a three program
system that is designed to run on a Honeywell Information
Systems , Inc., Series 6000 computer supporting GCOS Version V

V 1/0. The implementation work was conducted on the Rome Air
Development Center’s MULTICS computing facility via the AHPA
Network. Development work was performed on the UCOS
Encapsulator which is available under the MULTICS operating
system. The MULTICS environment provided r~ost of the

V software tools that were employed during the implementation.
Appendix A contains a list of the deliverable items produced
under this contract.

The Final Report is organized as follo~,s: Section 2
discusses the use of Structured Design Diagrams (SDL)s);
Section 3 describes the utility of Invocation Diagrams;
Section 4 details the design of the JSDD; Section 5 defines
the J OVIAL J3 BNF grammar; Section 6 discusses the
structured extensions and the preprocessors and Section 7
contains conclusions and recoliluiendations for further work.
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2. Structured Design Diagram Description

Structured Design Diagrams (SWs) provide a graphic two
dimensiona l display of the nested logical sequences that
define the structure of a computer program . SDDs for JOVIAL
J3 are constru cted from the two basic structural elements
shown in figure 2—I .

_ _ _ _ _ _  I

i i
SEQUENTIAL FLOW DECISION BRANCHING

— 1-i -ure 2 — I .  SUb i-prim itives

The rectangular box is used to contain elements that are
executed in sequence. Control enters from the top or left
side of the rectangle. Each element in a rectangle is
executed in sequence and control flows through the bottom of
the box.

The pentagonal box is used to contain two types of JOVIAL
constructs: module heads and decision making elements. A
module head is a <PROGRAM HEAD> , ~PROC DESCRIPTOR> or <CLOSEHEAD> (see the syntax definition of JOVIAL in Section 5 ).
Control passes through the bottom of a module head’s
pentacional box to the module’s code body. Figures 2-2, 2-3
and 2-4 illustrate SOD representations of module heads.

[ START S

I PROGRAM
I CODE

BODY
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PROCEDURE
DECLARAT ION
CODE
BODY

Flr,ur~e 
~—3. SLiD repr~ sentat iofl o~ <H~1J .. L)E .~dI}~Tur~>

V 

I CLOSE CLOSE NAM~~~~~~

CLOSE DECLARATION
CODE BODY V

1-irqir~ �—4 . S[. D reo resentFt ion or <LLU~~ F E ~\ [)>

A decision m aking element is a JOVIAL construct which
di rects the flow of control to one of two paths. Evaluation
of the contents of the pentagonal box determines the path to
which control is passed. Figures 2—5 , 2-6 2 — I  and 2—b V

illustrate the SDE) representaions of JOVIAL ’s decision
making elements. Non—standard decision makin g elements have
been introduced as structured extensions to JOVIAL J3. The
structured extensions are the Do ~‘4hile Loop, the Do UntilLoop and the Case State~ient. Full descriptions of these new
constructs are available in Section 6. V

IF (BOOLEAN FORMULA)$ DONTROLLED

I ~~ 
I(BOOLEAN FORMULA>J ) BY DECISION 

V

V L I / ELEMENT

rirlUro ~~~~~~~~~~ ~ h~I ) rE p res’~n t~~ L ior  Ot L~~I~~ i r  ~~t9 tPp V~f lt .
1)0 .~nile Loop ~nd Do ~~fl LI1 Loop

V V
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VV ~~~ V~~~~~V V V~~V V V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --



~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ 

~~~~~ -~

V~~~~~~ VV ~~~~~~~~~

J

T (L
~~~~

NDICES*J
~~~~~

P B O0Y

r thure 2—ô . Sb!) representat ion of tne 1-or Loop

V 

V

- H  ~~~~~~~~~~~~~~~~~
f

~DE FOR

(NJ CODE FOR

H
V r1 ure ~— I .  SI,i) representat ion of the Do Case Statement

IF E Ill-I ~SOOLEA N FORMU LA)

V ORIF (ROOLEAN FORMULA)

L
~~~~ F (ROOLEAN FORMU~~~~~~~~~~~~~~~ DE

V 
I-inure 2—b . SOD representa t ion  of the Alternative Statement
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Pentagonal boxes containing decision making elements are
V entered from the top or from the left. In general , they are

exited by taking the horizontal path (to the right) or by
taking the vertical path (through the bottom of the

I pentagon). The horizontal path is taken if the decision
element is evaluated to be TRUE. Otherwise , the v e r t i c a l
path is taken. Not e that the SDD representations of the Do
Case Statement and Alternative Statement contain V~~FDO CASE-”
and •“IFEIll-!” decision making elements. These elements are
always evaluated to be TkUE.

V If a decision making element is evaluated to be false and
its pentagon has no vert ical path , then the SOD execution
path mus t hq retraced until a pentagon is found which has an V

unexecuted vert ical path. If such a pentagon is found, then 
V

V 
the vertica .l path must be followed. If no such pentagon is
found, then the execution of the module has been completed. 

V

It is important to note that Goto Statements appear in
- rectangular boxes and their e f fec t  upon a program’s flow of

control is not illustrated by an 51)0. Restrained usage of
the Goto statement wil l  result in SDDs~ which will better
illustrate a program’s flow of control . The structured
extensions to JOVIAL J3 (see Section 6) were introduced to V

minimize the JOVIAL programmer ’s reliance upon the Goto
V 

Statement. V

f Occasionally, the level of nesting (of decision making
V elenents ) in a program makes it impo ssible to display a code

block in the available number of pag e co lumns .  I n  such
cases, it is necessary for the JSDD to create what is
referred to as a stt Vlmp. A stump is a diagram continuation.

- i~ihen the width of a page is such that the display of a code
V block can not be accommodated , that code block’s logical

position in the 51)0 is filled with a stump reference
display. The stump reference display consists of a stump

V reference number by which the diagram continuation can be
V located. If the HEADING option is on (see Section 5.2 of the

JSDO User’s Manual) , then the stump reference number is the
number of the page on which the continuation appears.

V Otherwise , the stump reference number is the stump’s
sequence number. V

V V The JSDD recognizes three types of comments : in—line
V comments , type— I (or same line ) cornuients and type—2 (or

C—type ) comments. In— line comments are comments wh ich are
embedded in a JOVIAL statement. In—line comments are

II
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displayed in their embeddi ng statements in SODs. A type— I
comm ent is a comment which beg ins on the same line as a
JOVIAL statement in the input file. In SODs, type— I comments
appear below the statements to which they refer. A type—2 -comment is a comment which appears by i tself  in the input
file. SSDs display type—2 comments next to the line whi ch
connects the cod e blocks which precede and succeed the V

V cocinent.

Figure 2—~’ is a sample page from a design diagram produced
by the JSDD system.
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V 3. Invocation Diagram Description

V The Invocation Diagrammer produces two di fferent outputs:
(I) a list of procedures that are members of one or more
recurs ive invocat ion loops, and (2) the Invocation Diagram

V itself.

The first output , if it appears on the diagram, occurs
before the actual diagr am under the heading “ULTIMATELY
SELF—RECURSIVE.TM Under it are listed all procedures that

V call themselves, either directly or indtrectly. An example
V of a di rect recurs ive call is a proce dure wh ich conta ins , as

part of its code, a call to itself. Indirectly recursive
calls are best i llustra ted, again , by an example. Suppose
procedure A can call procedure B which can call procedure C.
If, as part of its code, procedure C contains a call to
procedure A, all three procedures (A , B, and C) can V

theoretically call themselves.

The Invocation Diagram supplies recursion information for
two reasons. First, the diagrammer has to detect recursive
procedures because its algorithm for producing the V

Invocation Diagram is itself recursive. A recursive
V 

procedure could thus cause the diagrammer to diagram
forever. Therefore, recursive procedures are only expanded

V once in the diagram , and thereafter are simply printed and V
flagged. Since this affects the readability of the diagram,
the recursion information ought to be summarized for the

V user .

Secondly, it can be argued that recursion has no place in V

JOVIAL programs (JOVIAL ..13 does not support recursion) , and
thus should be ba nned. The recursion information can be
thought of as a warning to the programmer that illegal
re cursion is a possibility in the submitted program
structure. Note that the Invocation Diagrammer only reports
the possibility of recursion — it is quite possibl e that the
program in question avoids actually making a recursive call.

The second output is the Invocation Diagram itself. The V 
V

diagram comes in two parts : a main procedure diagram and
diagrams of continuations and independent routines. The
diagram of the main procedure, if it occurs, occurs first.
Invocation Diagrams are quite simple to read — all procedure

names which are connected horizontally to a vertical line
V are call ed by the procedur e whose name starte d the vert ical

line. If the main program exists , it is the top level of

14

V

V
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the diagram. For example:

‘—PROC I
, -I

‘ ‘—PROC2+ 
V

V 
., ,

V ‘ ‘—PROC 3
, ,

‘ ‘ ‘—PROC4 V

,

‘ ‘—PROCS* V

In this example , PROC I calls PROC 2, PR OC3, and PROC5.
Additionally, we see that PROC3 calls PROC4, and some
invisible procedure calls PROCI. That procedure is at the V

top level of this particular diagram, becau se PR OC 1 hangs
off the leftmost vertical line possible. There is still
more informat ion here ; we know PRO C2 is an external
procedure because it is flagged with a “+‘ . PROC5 j~~ 

V

recursive — it is flagged with a “*“.
V Main diagram continuations (caused by running off the right

V side of the page) and independent procedures (procedures not
called by any of the procedures which are directly or

V indirectly called by the main program) occur at the end of
V 

the diagram, under the heading “CONTINUATIONS AND V

INDEPENDENT ROUTINES.” Continuations consist of “stumps”
V 

which correspond to similar “stumps ’1 In the main diagram.
If con f ronted by:

in the main program, the user can find the continuation
V below, which starts with:

etc .

Stump cont inuat ions occur in numer ical or der , after V
independent procedure diagrams . V

The aim of the diagrammer is to diagram all proc edures ,

t

I
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regardless of whether they are called (directly or
indirectly) by the main program. However, the fact tha t a V

procedure is not called directly or indirectly by the main
program is not a guarantee that it will appear as an
“independent” procedure. It is quite possible that a second
“independent” procedure whose diagram is output before that
of the first procedure may call the first. In that case, V

the f irst proce dure’s “independent” diagram is suppressed.
Nevertheless, the first procedure’s diagram w i ll have been
generated as part of the second procedure’s diagram. No
procedure will ever remain both uncalled and undiagrammed. V

16
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4. Design of the JOVIAL Structured Design Diagrammer V

Figure 4—I depicts the (conceptual) two pass construction of
the JSDL) system. “Pass I” (consisting of the Design Diagram
Database Generator) performs the tasks of analyzing the
syntax of an input program and creatin9 a data base for use
by the second pass. “Pass 2” (consisting of the Design
Diagram Generator and the Invocation Diagra mifler) uses the
data base created by Pass I to construct Structured Design
Diagrams (SODs) and Invocation Diagrams. A two pass design V

is motivated by two factors. First, it is desirable to
separate language dependent functions from language
independent functions. Such a separation facilitates the
adaptation of Pass 2 to target languages other than JOVIAL V

J3. Second, the two pass design provides a great deal of V

flexibility in the formatting of diagrams. Pass 2 of the
JSDO can produce diagrams having a wide variety of formats
from the data base produced by a single Pass I execution .

The language dependent f irst pass uses the powerful LAUUk)
V parsing technique formalized by DeRemer (see Reference 6)
V 

and implemented by Lalonde (see Reference 7). It is based
on the compiler structure introduced by McKeem an , et. al.
(see reference 8). 

V

In pars ing input source programs, Pa ss I acts as a V

tabl e—driven deterministic pushdown automaton (DPDA) . The V

tabl es which drive the Pass I parse ar e the product of an V

LALR(k) parser generator that accepts a syntactic
description of a language as input and outputs parsing
tables for the language (see  Section 5). V

As is the case in most mode rn compilers , Pass I generates
output as the result of a parser decis ion to recognize a V

high leve l programm ing construct. The parser is guided in
this decision by the tables described above. However ,

V instead of object code , which is what a compiler would
ordinarily produce , Pass 1 outputs a diagramming data base

V to be used by Pa ss 2. 
V

V The two Pass 2 programs (the Desi gn Diagram Generator ( DOG)
and Invocation Diagrainmer) interpret the Pass I generated 

V

data base, and create diagrams in accordance with the
formatting specifications in the DOG options compool (see
Us er’s Manual ). The DOG is impleu .ented as a two part

V program. First it maps out the Structured Design Diagram V
and creates a temporary data base containing the mapp ing 

1iVV
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information. Only then does it produce the actual diagram.
This strategy allows it to calculate forward and backward V

referencing information (in case a diagram overflows the
page width) and a Table of Contents, without commi tt ing
prematurely to any hard—copy output. If adjustments need to

V be made in the diagram, the temporary data base can be
modified easily. V

The Invocation Diagrammer uses a simple recursive strategy 
V

to create the Invocation Diagram. As the first procedure
name is written out, the next procedure it calls is wri tten
beneath an d to the r ight of it. The information for the
first procedure- is stacked, and the new procedure is treated
as though it were the first. When no procedures are called
by the current r ightmost procedure name , the stack is popped
back and the next rightmost procedure name is written out.

V When no more procedures are on the stack , the diagram is
complete. V

The Invocation Diagrammer and DOG have been implemented as
separate programs to enhance system maintainability. V

V 19
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5. Defining the JOVIAL J3 Syntax

The syntactic analysis of JOVIAL J3 source programs is
performed by a table driven parser in Phase I of the JSDD. V

The tables are generated by an LALR (k) parser generator. The
parser generator accepts the syntactic description of a
language (in BACKUS—NAUR form) and produces the parsing

V tables for the language.

The parser generator can produce tables for any LALR (k)
grammar where k is finite.

A (context—free ) grammar can be defined loosely as an
alphabet and a set of productions of the form’

A $ z =  xy

where A, x and y are members of the alphabet (the alphabet 
V

is the set of all symbols used to define the syntax of a
language). The phrase Vl$ can be -replaced by” can be

V substituted for the symbol ‘:=. Mem bers of the al phabet
which appear on the left hand sides of productions are V

calle.d non—terminals and those that appear on only the right
V hand sides of productions are called terminals. In the set V

V of non—terminals , there is one designated symbol called the V
goal symbol (in the case of JOVIAL J3’s grammar , the goal
symbol is <PROGRAM>).

V A sentence is defined to be a string of terminal symbols
generated by the grammar. A sentence can be generated by

V start ing with the goa l symbol and then , cont inuall y V
replacing each nonterminal with its definition (i.e., its
right hand side) until no nonterminals appear in the string.
The resulting string is a sentence.

The sequence of replacement s involved in generating a
sentence can be represented by a tree (called the parse
tree) which is unique for each sentence generated by an
unambiguous grammar.

There is no grammar processab’le by a left to right parser
generator (having an finite upper bound on required
lookahead) which generates all JOVIAL J3 programs and whi ch
generates no sentences which are not JOV IAL J3 programs.

Consider the following JOVIAL J3 subgrammar$ V

20
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<PROCEDURE CALL> s s=  <IDENTIFER.> C <FORMULA> ) $
<FORMULA > s s=  <BOOLEAN FORMULA>

V : <NUMERIC FORMULA>V : <ENTRY FORMULA>V 
<BOOLEAN FORMULA> $ s ~ 0<NUMERIC FORMULA> sz— 0

V 

<ENTRY FORMULA> ‘5 =  0

The sentence s

PROC’NAME (0) $

V has three distinct parse trees. They are shown below.

I) <PROCEDURE CALL> ‘1
I I S 

— 
I S

<IDENTIFIER> C FORMULA> ~ $ 
V

<BOOLEAN FORMULA>

0

2) <PROCEDURE CALL>

1~ S I S I
I I I

<IDENTIFIER> C <FORMULA> ) $

NUMERIC FORMULA>

[ V

3) <PROCEDURE CALL>
I S S 

_V_V_ VVj__ 
IV 

I S S S I

<IDENTIFIER> C <FORMULA> ) $

V <ENTRY FORMULA>

0

In order to sidestep this problem (and several other similar
problems), the JOVIAL J3 grammar has been ‘-‘expanded” so
that all JOV IAL J3 programs can be parsed. However, e~s a

V 

2 1
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result of th is expans ion, there are sen tences which the
gramm ar can generate whi ch are not valid JOVIAL J3 pr ograms.

The solution which has been adopted to the problem described
above is to thread all of the formulae together. That is,
redefine the grammar in this fashions

<PROCEDURE CALL> ss= <IDENTIFIER> C <FORMULA> ) $ V

<FORMULA> s’= <BOOLEAN FORMULA>
<BOOLEAN FORMULA> ss= <ENTRY FORMULA>
<ENTRY FORMULA> ss= <NUMERIC FORMULA>
<NUMERIC FORMULA> ss= 0 V

The obvious drawback to this redefinition is that every
<NUMERIC FORMULA> can be accepted as an <ENTRY FORMULA> and V

as a <BOOLEAN FORMULA> (an d so on). The advantage is that it
wi ll avoid an ambiguity in the grammar and allow the parser
generator to produce parsing tables. (Many modern languages V
such as XPL and ALGOL use an approach similar to this in
their syntax definitions.) 

V

The syntax of JOVIAL J3 is relatively complex for a
programming language. This complexity requires that JOVIAL’s
BNF description contain a very large number of productions.
In attempting to generate parsing tables, it was found that
the size of JOVIAL’s BNF description exceeded an internal
limi t imposed upon the parser generator’s input grammars . In
order to avoid a costly investigation of the parser
generator ’s limits , work on the JSDD was based on an early,
slightly ina ccurate version of the JOVIAL grammar. The
Design Diagrammer Data Base Generator has been adjusted to
enable it to succe ssful ly pars e the ful l  set of val id JOVIAL V
programs.

The JOVIAL J3 grammar used by the JSDD is presented below.

I <PROGRAM> 8 3 =  <PROGRAM HEAD> <ELEMENT LIST>
I <PROGRAM TAIL> _ :_ 

V

2 <PROGRAM HEAD> z z =  START $
3 : CLOSE <IDENTIFIER> $ START $
4 : START PROC <IDENTIFIER> $

V 5 START PROC <IDENTIFIER>
5 <FORMAL PARAMETE R LIST> $

V 

6 <PROGRAM TAIL> s ’= TERM $

22
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7 : TERM <IDENTIFIER> $
8 <ELEMENT LIST> * 5 =  <ELEMENT>
9 : <ELEMENT LIST> <ELEMENT>

10 <ELEMENT> ss= <STATEMENT>
II : <DECLARATION>
12 : <DIRECTIVE>
13 <DIRECTIVE> ‘5= <DEFINE DIRECT I VE>
14 : <MODE DIRECTIVE>
15 <DEFINE DIRECTIVE> “ = <DEFINE HEAD> <“ > <TEXT> •“ $ V

16 <DEFINE HEAD> ‘s= DEFINE <IDENTI FIER>

17 c~~> ss= “ 
V

18 <TEXT> sz= <CHARACTERS>
19 : <TEXT> <CHARACTERS>
20 <MODE DIRECTIVE> ‘ $=  MODE <ITEM DESCRIPTION> $
2) : MODE <ITEM DESCRIPTION> P
21 <CONSTANT> $

22 <STATEMENT> ss= SIMPLE STATEMENT>
23 : <LABEL> <SIMPLE STATEMENT>
24 : <COMPLEX STATEMENT>
25 : <LABEL> <COMPLEX STATEMENT>
26 : <COMPOUND STATEMENT>
27 : <LABEL’ <COMPOUND STATEMENT>
28 <LABEL> ss= <IDENTIFIER>
29 : <LABEL> <IDENTIFIER>
30 <DECLARATION> :‘= <DATA DECLARATION>31 : <PROCESSING. DECLARATION>

32 <PROCESSING DECLARATION> ss= <SWITCH DECLARATION>
33 <PROGRAM DECLARATION>
34 <CLOSE DECLARATION>

V 35 <PROCEDURE DECLARATI O~I>
<COMMON DECLARATION>

37 <COMMON DECLARATION> * *=  <COMMON HEAD>
37 <COMPOUND STATEMENT>

23
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38 <COMMON HEAD> ss= COMMON <IDENTIFIER> $
39 : COMMON $

40 <SWITCH DECLARATION> 8 1=  <SWITCH HEAD> <ITEM TAIL> V

41 <SWITCH HEAD> <INDEX TAIL>

42 <SWITCH HEAD> 8 8=  SWITCH <IDENTIFIER>

43 <ITEM TAIL> ss= C <IDENTIFIER> ) = C <ITEM LIST> ) $

44 <ITEM LIST> * 8 =  <CONSTANT> = <GOTO FORMULA>
45 : <ITEM LIST> , <CONSTANT> =

45 <0010 FORMULA>

46 <CONSTANT> 8 8=  <LITERAL CONSTANT>
47 <STATUS CONSTANT>

V 48 : <NUMERIC CONSTANT>

49 <INDEX TAIL> * 5 =  = C ) $
50 = C cGOTO LIST> ) $

SI <GOTO LIST> ss= cOOTO FORMULA>
52 OOTO LIST> , <0010 FORMULA>

54 cOOTO LIST> ,

55 <GOTO FORMULA> * 8 =  <IDENTIFIER>
56 : <IDENTIFIER> (S <INDEX LIST> 5)

V 57 <PROGRAM DECLARATION> 8 8=  PROGRAM <IDENTIFIER> $

58 <CLOSE DECLARATION> ss= <CLOSE HEAD>
58 <COMPOUND STATEMENT>

59 <CLOSE HEAD> 8 1=  CLOSE <IDENTIFIER> $

60 <PROCEDURE DECLARATION’ : 8=  <BLOCK HEAD>
60 <COMPOUND STATEMENT>

61 <BLOCK HEAD> * 8 =  <PROC DESCRIPTOR>
62 : <BLOCK HEAD> <DIRECTI VE>
63 <BLOCK HEAD> <DATA DECLARATION>
64 : <BLOCK HEAD > <PROGRAM DECLARATION>

65 <PROC DESCRIPTOR> * 8  <PROC HEAD> $
66 <PROC HEAD>
66 <FORMAL PARAMETER LIST> $

V 

24 
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V 

67 <PROC HEAD> *8=  PROC IDENTIFIER>

68 <FORMAL PARAMETER LIST> * 5=  ( )
69 : C <PARAMETER LIST> )

V 70 C <PARAMETER LIST> =

70 <PARAMETER LIST> ) V

71 : ( = <PARAMETER LIST> ) V

72 <PARAMETER LIST> * 8 =  <IDENTIFIER>
73 <PARAMETER LIST> , <IDENTIFIER>

V 74 < I D E N T I F I E R >
75 : <PARAMETER LIST> , <IDENTIFIER>

76 <COMPOUND STATEMENT> * 8 =  <BEGIN> <END> V
V 77 : <BEGIN> <ELEMENT LIST> <END> V

78 <CONSTANT LIST> :s= <CONSTANT> V
V 79 : <CONSTANT LIST> <CONSTANT>

80 <COMPLEX STATEMENT> sz= <CONDITIONAL STATEMENT>
81 : <ALTERNATIVE STATEMENT>
82 <LOOP STATEMENT>
83 <DIRECT STATEMENT>
84 <STRUCTURED EXTENSION >
85 <CONDITIONAL STATEMENT> 8 8 =  <IF CLAUSE> <THEN CLAUSE>

V 

86 <ALTERNATIVE STATEMENT> * 8 =  <IFEITH CLAUSE>
86 <THEN CLAUSE> <ALT LIST>
86 <END>

87 <IF CLAUSE> * :=  IF <BOULEAN FORMULA> $

88 <THEN CLAUSE> t 1=  <SIMPLE STATEMENT>
89 : <COMPOUND STATEVMENT>

90 - IFEITH CLAUSE> *s= <IFEITH> <BOOLEAN FORMULA> $
V 9) <IFEITH> * 8 =  IFEITH

92 <ALT LIST> ‘*=  <ORIF PART>
93 : <ALT LIST> <ORIF PART>

V 

94 <ORIF PART> * 8 =  <ORIF CLAUSE> <THEN CLAUSE>

95 <ORIF CLAUSE> 1 8=  ORIF <BOOLEAN FORMULA> $

2
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96 : <LABEL> ORIF <BOOLEAN FORMULA> $
97 <LOOP STATEMENT> * 8 =  <COMPLETE LOOP> V

98 <INCOMPLETE LOOP> V

99 <INCOMPLETE LOOP> 8 5 =  <INCOMPLETE FOR>
99 <INCOMPLETE BODY>

100 <INCOMPLETE FOR> 8* =  <1 FACTOR FOR CLAUSE>
1 01 <2 FACTOR FOR CLAUSE>

102 <2 FACTOR FOR CLAUSE> * 5 =  FOR <LOOP COUNTER> =

102 <2 INDEX LIST> $

103 <2 INDEX LIST> * 8 =  <NUMERIC FORMULA> ,
103 <NUMERIC FORMULA>

V 104 <I FACTOR FOR CLAUSE> * 5 =  FOR <LOOP COUNTER> =
V 104 <NUMERIC FORMULA> $ V

1 05 <INCOMPLETE BODY> * s = <SIMPLE STATEMENT>
106 : <COMPOUND STATEMENT>

V 107 : <SPECIAL COMPOUND STATEMENT>
108 <LABEL>
1 08 <SPECIAL COMPOUND STATEMENT>

109 <COMPLETE LOOP> * 8 =  <FOR CLAUSE> <COMPLETE BODY>

1 10 <FOR CLAUSE> ‘ 8=  < I FACTOR PART> <3 FACTOR FOR CLAUSE>
I II <3 FACTOR FOR CLAUSE>

112 <3 FACTOR FOR CLAUSE> ‘1= FOR <LOOP COUNTER> =

11 2 <3 INDEX LIST> $

113 <1 FACTOR PART> i’= <1 FACTOR FOR CLAUSE>
1)4 : -ci FACTOR PART>
114 <1 FACTOR FOR CLAUSE>

V 115 <3 INDEX LIST> *1=  <NUMERIC FORMULA> ,
1)5 <NUMERIC FORMULA> ,
115 <NUMERIC FORMULA>

1)6 <COMPLETE BODY> * 8 =  <INCOMPLETE BODY>
ill : <INCOMPLETE LOOP>

1 18 <SPECIAL COMPOUND STATEMENT> * 8 =  <BEGIN>
118 <SPECIAL PART> <END>

26
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1 19 <BEGIN> V

1 19 <ELEMENT LIST>
319 <SPECIAL PART> <END>

320 SVPECIAI.. PART> 85= IF cVBOOLEAN FORMULA> $
121 <LABEL> IF <BOI3LEAN FORMULA> $ V

322 <STRUCTURED EXTENSION> * := <DO STATEMENT> V

V 123 <CASE STATEMENT>

V 
124 <DO STATEMENT> : 5=  <DO HEAD> <ELEMENT LIST> <END DO>

V 

125 <DO HEAD> *8=  DO WHILE C CBOOLEAN FORMULA> )
126 : DO UNTIL C BOOLEAN FORMULA> )

327 <END DO> *1=  END DO

328 <CASE STATEMENT> sz= <CASE HEAD> cCAS~ LIST>328 <END CASE>
V 

329 <CASE HEAD> * ‘ =  DO CASE C <NUMERIC FORMULA> )

130 <CASE LIST> *s= <CASE>
131 : <CASE LIST> <CASE>
132 <CASE> *8=  <INSTANCE> <ELEMENT LIST>
133 <INSTANCE>

V 134 <INSTANCE> - ‘ 8=  C <NUMBER> )

135 <END CASE> *8 =  END CASE

336 <SIMPLE STATEMENT> ‘ *=  <ASSIGNMENT STATEMENT>
137 : <EXCHANGE STATEMENT>
138 : <GOTO STATEMENT>
139 <RETURN STATEMENT>
140 : <STOP STATEMENT>
141 : <PROCEDURE CALL>
342 : <10 STATEMENT>
143 <TEST STATEMENT>

344 <TEST STATEMENT> ss= TEST $
V 

145 : TEST <LOOP COUNTER> $

346 <10 STATEMENT> * 5 ~~ <ACTION> <MODE> <IDENTIFIER>
346 <DATA LIST> $
147 ~ <ACTION> <MODE> <IDENTIFIER> $

V 27
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148 : <MODE> <IDENTIFIER> <DATA LIST> $
149 <ACTION> *8= OPEN
150 : SHUT

153 <MODE> * s-= INPUT
V 152 : OUTPUT

353 <DATA LIST> *s= <FORMULA>
154 : <IDENTIFIER> <RANGE>
355 : <DATA LIST> , <FORMULA>
156 : <DATA LIST> , <IDENTIFIER> <RANGE>

157 <RANGE> s :-= CS <NUMERIC FORMULA> <RANGE CLOSE>

158 <RANGE CLOSE> :s= ... <NUMERIC FORMULA> $)

159 <DIRECT STATEMENT> :*= <DIRECT> <TEXT> JOVIAL

160 <DIRECT> * := DIRECT

161 <ASSIGNMENT STATEMENT> 8 8 =  <VARIABLE> = <FORMULA> $

162 <EXCHANGE STATEMENT> 8 8 =  <VAR IABLE> = <VARIABLE> $

163 - GOTO STATEMENT> *:= GOTO <00Th FORMULA> $

164 <RETURN STATEMENT> 5 5=  RETURN $

165 <STOP STATEMENT> s*= STOP $
V 166 : STOP <IDENTIFIER> $

367 <PROCEDURE CALL> * 8 =  <PROC NAME> S
168 : <PROC NAME>
168 <ACTUAL PARAMETER LIST> $

169 <PROC NAME> *:= <IDENTIFIER>

V 170 <ACTUAL PARAMETER LIST> ** C )
173 C <ACTUAL LIST> )
172 : ( <ACTUAL LIST> =

172 <ACTUAL LIST> )
173 : C = <ACTUAL LIST> )

174 <ACTUAL LIST> ii= <FORMULA>
V 375 : <IDENTIFIER>

V 

176 : <ACTUAL LIST> , <FORMULA>

28
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177 <ACTUAL LIST> , <IDENTIFIER> .

178 <DATA DECLARATION> :s= <SIMPLE ITEM DECLARATION> 
V

179 : <ARRAY DECLARATION>
180 : <TABLE DECLARATION> V

181 : <OVERLAY DECLARATION>
182 : <FILE DECLARATION>
383 1 <MONITOR DECLARATION>

V 

384 <MONITOR DECLARATION> : 5=  MONITOR <PARAMETE R LIST> $
V 385 : MON h O P  C <E300LEAN FORMULA> V

185 ) <PARAMETER LISf, $ 
V

386 <FILE DECLARATION> ::= <FILE HEAD> <k-~ILE TAIL> $
V 187 <FILE HEAD> *8= FILE < I D E N T I F I E R >

388 <FILE TAIL> ‘s= <F TYPE> <NUMBER> <REC ORG > <NUMbE,~>188 <NUMBER>
189 : <F TYPE> <NUMBER> <REC ORO> <NUMBER>

V 189 <STATUS LIST> <NUMBER>

390 <F TYPE> 15= H
191

392 <REC ORG> 8 8 =  V
193

394 <STATUS LIST> *:= <STATUS CONSTANT>
395 : <STATUS LIST> <STATUS cONSTANT> V

396 <SIMPLE ITEM DECLARATION> * 8 =  ITEM < I D E N T I F I E R >
396 <ITEM DESCRIPTION> $

V 39 7 ITEM <IDENTIFIER>
V 397 <ITE M DESCRIPTION> 3

397 <CONSTANT> S
198 : ITEM < I D E N T I F I E R >

V 1 98 <CONSTANT> S

V 199 <ITEM DESCRIPTION> * := <INTEGER DESCRI PTION>
200 <FIXED DEscRIPrIoN>

V 201 : <FLOATING DESCRIPTI ON>
202 : <LITERAL DESCR IPTION>
203 <STATUS DESCR IPTIOjI>
204 : <BOOLEAL’J DESCR IPTION>

205 <INTEGER DESCRIPTI Ut1> 8 5 =  <II1T HEAD>

L V V  
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V 206 : <INT HEAD> <INT TAIL>
207 1 <FIXED HEAD>
208 1 < F I X E D  HEAD> <IN T TAIL>

V 209 <fliT HEAD> * 5 =  1 <NUMBER> <SiGNING>

230 <FI XED HEAD> ::= A <NUMDER> <SIUNIN~J>

2 1 3  <SIGNING> ::= U
V 212 1 5

213 <INT TAIL> ~*= R
2)4 1 <INTEGER> ... <INTEGER>
235 1 R <INTEGER> ... <INTEGER>
236 <FIXED DESCRIPTI ON> ::= <FIXED HEAD> <i-RAC BITS>
217 1 <FIXED HEAD> <FRAC DII’S>
237 <RIGHT PARf>

2 3 8  - FRAC bITS> s:= <NUMBER>
2)9 1 <ADD OP> <NUMBER>

V 
V 220 <RIGHT PART> 8 1=  P

221 1 N <NUMERIC CONSTANT>
22) <NUMERIC CONSTANT>
222 1 <NUMERIC CONSTANT> V

V 
V 222 <NUMERIC CONSTANT>

223 <FLOATING DESCRI PTION> *1= F
224 F R

22~ <LITERAL DESCRIPTIUN> ::= H <NUMBER>
226 : T <NUMBER>
227 <STATUS DESCRIPTIO N> 5=  S <STATUS LIST>
228 1 S <NUMBER> <STATU S LIST>

229 <UOOLdAN DESCR IPTION> ::= U

V 230 
V 

<A RRAY L)ECLARA IIOIJ> :‘= <ARRAY DESCRIPTiON>
230 < I N I T  LIST >
23 3 1 <ARRAY DESCR IPTION >

232 <ARRAY DESCRIPTION> ::= <ARRAY HEAD>
232 V <ITEM DESCRIPTION> $

V 233 <ARRAY HEAD> * := ARRAY <IDENTIFIER ’ <DIM LIST>
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234 <INIT LIST> * 1=  <BEGIN)> <CONSTANT LIST> END
235 1 <BEGINI> <INIT SUB LIST> END

236 <INIT SUB LIST> ‘1= <INIT LIST>
237 1 <INIT SUB LIST> <INIT LIST>

238 <DIM LIST> ‘:= <NUMBER> 
V

239 1 <DIM LIST> <NUMBER>

240 <TABLE DECLARATION> *:= <ORDINARY TABLE DEC>
241 1 <DEF TABLE DEC>
242 : <LIKE TABLE DEe> V

243 <ORDINARY TABLE DEC> :t =  cORD HEAD > BEGIN2>
243 cORD ENTS> <END2> V

244 <ORD HEAD> s:= <TABLE HEAD> $ V

245 1 <TABLE HEAD> <PACKING> $

246 <TABLE HEAD> *:= TABLE <TABLE SIZE> V

247 1 TABLE. <IDENTIFIER> <TABLE SIZE>
248 1 TABLE <TABLE SIZE> <TABLE STRUCTURE> V

249 : TABLE <IDENTIFIER> <TABLE SIZE> V

V 249 <TABLE STRUCTURE> V

250 <ORD ENTS> 15= <ENTRY ITEM DEC>
25) 1 cORD ENTS> <ENTRY ITEM DEe>
252 1 cORD ENTS > <SUBORDINATE OVERLAY DEC>

253 <ENTRY ITEM DEC> * 5 =  ITEM <IDENTIFIER>
253 <ITEM DESCRIPTI ON> S
254 : ITEM <IDENTIFIER>
254 <ITEM DESCRIPTION > $ BEGIN
254 <CONSTANT LIST> END

255 <TABLE SIZE> ::= V <NUMBER>
256 1 R <NUMBER>

257 <TABLE STRUCTURE> 15= P
258 1 5  

V

V 

259 <PACKING> * s =  N
260

V 263 I D

262 <DEF TABLE DEe> * 1=  <DEF HEAD> <BEGIN2> <DEF ENTS>

33 
V

V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

V



-

V 

~~~~~~~~~~ 
~~~ V

262 
V 

<END2>
263 <DEF HEAD> s1 <TABLE HEAD> <NUMBER> $

264 <DEF ENTS> ‘* <DEF ITEM DEC>
V 

265 : <STRING ITEM DEC>
266 : <DEF ENTS> <DEF ITEM DEC>

V 267 : <flEF ENTS> <STRING ITEM DEC>

268 <DEF ITEM DEC> * *=  cDEF ITEM HEAD> $
269 : <DEF ITEM HEAD> <PACKING> $

V 270 1 <DEF ITEM HEAD> $ BEGIN
270 <CONSTANT LIST > END V

V 273 1 <DEF ITEM HEAD> <PACKING> $ BEGIN
273 <CONSTANT LIST> END

272 <DEF ITEM HEAD> :*= ITEM <IDENTIFIER>
272 <ITEM DESCRIPTION> <NUMBER>
272 <NUMBER>

273 <STRING ITEM DEC> *:= <STRING HEAD> <NUMBER> <NUMBER>
273 S
274 1 <STRING HEAD> <PACKING> <NUMBER>
274 <NUMBER> S
275 : <STRING HEAD> <NUMBER> <NUMBER>
275 $ <2 DIM CONSTANT LIST>
276 1 <STRING HEAD> <PACKING> <NUMBER>
276 <NUMBER> $ <2 DIM CONSTANT LIST>

277 <STRING HEAD> *1= STRING < I D E N T I F I E R >V 
277 <ITEM DESCRIPTION>

278 ‘2 DIM CONSTANT LIST> * * =  BEGIN <COMPONENT LIST> END

279 <COMPONENT LIST> s’= BEGIN <CONSTANT LIST> END
280 1 <COMPONENT LIST> BEGIN
280 <CONSTANT LIST> END

283 <LIKE TABLE DEC> * 5 =  <TABLE HEAD> L $
282 <TABLE HEAD> <PACK ING> L S

283 <OVERLAY DECLARATION> 51= <INDEPENDENT OVERLAY DEC>
284 <SUBORDINATE OVERLAY DEC>

285 ‘INDEPENDENT OVERLAY DEC> s s =  OVERLAY <ORIGIN>
285 <OVERLAY TAIL>

32
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286 <ORIGIN> *s~ <NUMBER>
287 1 <OCTAL cONSTANT> 

V

288 <SUBORDINATE OVERLAY DEC> * 1=  OVERLAY <OVERLAY TAIL>

289 <OVERLAY TAIL> 11= <IDENTIFI’ER LIST> $
290 I <IDENTIFIER LIST> <OVERLAY LIST> $

293 <IDENTIFIER LIST> ::= <IDENTIFIER>
292 1 <IDENTIFIER LIST> , < I D E N T I F I E R  V

V 293 <OVERLAY LIST> * *=  = <IDENTIFIER LIST>
294 : <OVERLAY LIST> = <IDENTIFIER LIST> V

V 

295 <FORMULA> ** <BOOLEAN FORMULA>

296 <BOOLEAN FORMULA> * := <BOOLEAN TERM> V

297 1 <BOOLEAN FORMULA> OR V
297 <BOOLEAN TERM> V

V 298 <BOOLEAN TERM> :5= <BOOLEAN PRIME> V

299 1 BOOLEAN TERM> AND <BOOLEAN PRIME>

300 <BOOLEAN PRIME> 1= <LITERAL FORMULA>
303 : NOT C <BOOLEAN PRIME> )
302 1 <RELATIONAL EXPRESSION >

V 303 <RELATIONAL EXPRESSION> * *=  <LITERAL FORMULA> <REL OP>
303 <LITERAL FORMULA>
304 : <RELATIONAL EXPRESSION>
304 <REL OP> <LITE RAL FORMULA>

305 <REL OP> ‘5=  EQ
306 NQ
307 GR

V 308 GQ
309 1L 5
330 V 1 LO

311 ‘LITERAL FORMULA> ‘ 5 =  <STATUS FORMULA>
312 1 <LITERAL CONSTANT>

V 313 ‘LITERAL cONSTANT> ::= <LITERAL HEAD> C ‘CHARACTERS> )

V 314 ‘LITERAL HEAD> :*= <NUMBER> H
V 335 : <NUMBER> T

V 

V V V~~~~~~
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3)6 <STATUS FORMULA> ** <STATUS CONSTANT>
3)7 1 <NUMERIC FORMULA>

3)8 <STATUS CONSTANT> * *=  <STATUS HEAD> <CHARACTERS> )

319 <STATUS HEAD> ‘:= V C

320 <NUMERIC FORMULA> * * <EXPRESSION>

32) <EXPRESSION> *1= <EXPRESSION> <ADO OP> <TERM>
322 1 <TERM>

323 <TERM> i l=  <TERM> <MULT OP> <FACTOR>
V 324 : <FACTOR>

325 <FACTOR> ::= <PRIME> ** <FACTOR>
326 1 <PRIME> (* <FACTOR> *)
327 <ADD OP> <PRIME> 

V

328 1 <PRIME>

329 <PRIME > *1= <VARIA BLE>
330 : <FUNCTION>

V 
33) 1 <NUMERIC CONSTANT>
332 C <BOOLEAN FORMULA> )
333 : (I <NUMERIC FORMULA> I)

334 <FUNCTION> * * =  <IDENTIFIER> C )
335 1 <IDENTIFIER> C <ACTUAL LIST> )

336 <ADD OF’> *1= +

F 1 —

338 <MULT OP> * := *
339 1 /

340 <NUMERIC CONSTANT> * 1=  <INTEGER>
341 <FLOATING CONSTANT>
342 : <FIXED CONSTANT>
343 1 <OCTA L CONSTANT>

344 <INTEGER> 11= <NUMBER>
345 1 <NUMBER> E <NUMBER>

346 <FLOATING CONSTANT> *s= <MANTI SSA>
347 1 <MANTISSA> <CHARACTERISTIC>

348 <CHARACTERISTIC~ *s= E <NUMBER>
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V 
349 1 E <ADD OP> <NUMBER>

350 <FIXED CONSTANT> ‘ *=  <FLOATING CONSTANT> A <NUMBER> V

351 : <FLOATING CONSTANT> A <ADD OP>
351 <NUMBER>

352 <OCTAL CONSTANT> *s= 0 C <NUMBER> )

V 353 <VARIABLE> :*= <IDENTIFIER>
354 : <LOOP COUNTER> V

355 1 <IDENTIFIER> (S <INDEX LIST> $) 
V

356 1 <MODIFIED VAR IABLE>

357 <INDEX LIST> * ‘=  <NUMERIC FORMULA>
358 1 <INDEX LIST> , <NUMERIC FORMULA>

359 <LOOP COUNTER> :s= A
360 l B

V 

36) I C
362 I D
363 E
364 I F

V 365 I C
366

V 367 I l
368
369 1 K
370 I L
373 1 M
372 I N
373 I D
374 1 P
375

V 376
377 1 S
378
379
380 1 V

V 383 1 v~382
383 :~~384

385 <MODIFIED VARIABLE> * 5 =  CHAR ( <VARIABLE> )
386 : BIT (S <NUMERIC FORMULA> $) (
386 <VARIABLE> )
387 : BIT CS <NUMERIC FORMULA>

35
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V 387 <NUMERIC FORMULA> 5) C
387 <VARIABLE> )
388 MANT C <VARIABLE > 

V

389 : NENT C <VARIABLE> )
V 390 : P05 C <IDENTIFIER> )

391 ODD C <VARIABLE> ) V

392 BYTE (S <NUMERIC FORMULA> 5) ( V

392 <VARIABLE> )
393 1 BYTE (S <NUMERIC FORMULA> ,
393 <NUMERIC FORMULA > ) C V
393 <VARIABLE>
394 1 ENTRY ( <VARIABLE> )
395 1 ENT C <VARIABLE > )

396 <BEGIN> *1= BEGIN
V 397 <END> s:= END V

398 <BEGIN2> *:= BEGIN

399 <END2> * 5 =  END V

36
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V 6. The Structured Extensions to JOVIAL 
V

Three structured extensions to JOVIAL J3 have been V

introduced during the development of the prototype JSDD. The V

JSDD was written using the structured extensions, and it j~~~~ 
V

capable of diagramming JOV IAL J3 programs which amploy them.
Section 6.1 describes the structured extensions and Section
6.2 describes their translation into standard JOVIAL J3. V

6. I STRUCTURED EXTENSION DEFINITIONS V

The current 4OVIAL J3 structured extensions are: 
V

I) The DO v1HILE LOO P
2) The DO UNTIL LOOP
3) The CASE STATEMENT

V 

Their syntactic definitions follow:

cOO i~HILE LOOP> *:= do while [ <condition> I <statement list> V

( end do <text> 3

<DO UNTIL LOOP> Z2= do until I <condition> ] <statement list>
[ end do <text> 3

<CASE SVi~A1~EMENT :5= do case I <selector> I <case list>
I end case <text> I

V <case list> *1= <case> <statement list>
1 <case>
<case list> <case> <statement list>
<case list> <case>

<case> : 5=  1 <number> < t ex t>  I V

V : C else <text> I

The symbo l <text> appearing in the productions presented
V above Is an optional feature which allows the user to place

V quoted or unquoted comments inside the square brackets.

V The symbol <condition> can be any boolean formula allowed in
a conditiona l state~nent in standard JOV IAL J3.

V The symbo l <selector> can he any JOVIAL J3 variable ,
constant or function cal.l which has an integer value.

The cases in the CASE STATEMENT’S <case list> must he
numbered sequentially starting with zero. One “else case”
may appear anywhere in the <case list> .

V - V_ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ ~~~~~~ _V V V_~~~_ V ~~~~~~~~~~ ~V ~~~~~ V V V~~~~V~~~
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The symbo l <statement list> refers to any sequence of
standard JOVIAL J3 statements and structured extensions. 

V

The structured extensions may appear wherever a standard
JOVIAL J3 complex statement can appear .

A brief description of the semantics associated with each of
the structured extensions appears below. A better
understanding of their semantics can be obtained by
examining the translations presented in Section 6.2.

The DL) ~HILE LUOP causes repeated execution of its
<statement list> while its <condition > is true. Evaluation
of the <condition> Is performed prior to the execut ion of
the <statement list> . If the value of the <condition> Is
false, control is passed to the statement immediately
following the [end do].

The DO UNTIL LOOP causes repeated execution of its
<statement list> while the value of its <condition> is
false. i~valuation of the <condition> is perforned after each
execution of the <statement list>. If the value of the
<condition > is true , then contro l is passed to the statement
immediately following the (end do).

The CASE STATEMENT evaluates its <selector> and transfers
control tO the <case> whose <number> corresponds to the

V 

V value of the <selector> . If no corr esponding <case> appears
in the <case list> , then control is passed to the “else
case” (If one is present ) or to the statement immediately
following the [end case) (if there is no “else case”).

V Transferring control to a <case> causes execution of the
<statement list> associated with the <case> . After execution
of the <statement list> has been completed , control is
transferred to the statement immediately following the [end
case).

6.2 Translating Structured Extensions

Programs incorporating structured extensions are translated
into standard JOVIAL J3 programs by the JOVIAL Extended
Structures Translator (JEST preprocessor). JEST is a PL/l
program Implemented on the RAL)C MULTICS system .

i b
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JEST accepts extended JOVIAL (standard JOVIAL plus
structured extensions ) programs wi th  MULTICS path—names V

having the suffix “.jovp”. The sructured extension V

keywords (i.e., do, while , unt il , case, else and end) must V

be lower case in the input program . JEST’s output is a
standard JOVIAL J3 translation of the Input program. The
output program has the same MULTICS path—name as the input
program except that it has the suffix “.jov”.

JEST is invoked by typing -“jp pgm’nam e ”, or by invoking V

the jovial EXEC_COM (See Appendix A).
V 

JEST t rans la tes  only those blocks of code which it
recognizes as s t ruc tured  ext ensions . Any code which is not
recognized as being a structured extension is passed to the
output file unchanged.

V Structured extensions and their translations are presented V

be low.

The DO ~HI LE LOOP :
do while [condition)

code block a
[end do] V

code block b V

translates intot
while ’label. if condition $

begin
code block a
goto whlle ’labe l $

end
V 

code block b

V The DO UNTIL LOOP :
do until (condition )

V code block a
(end do]
cod e block b

Is t rans la ted  into :
V untl l ’labe l .

code block a
if not condition $ goto until’labe l $

V cod e block b

39
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JEST emits two types of translations of CASE STATEMENTs . The
first translation is used on CASE STATEMENTS whose <case

V list>s contain 300 <case>s or less. The second t ranslat ion
is used for CASE STATEMENTs having more than $00 <case>s.

Consider the pseudo statem ent:

V do case (selec tor )
[0] code block 0 V

(1] code block I V

(2] code block 2 V

S

S

V 

(n i  cod e block i~+ 3
[en d case]
code block n+2

If n is less than 00, the JEST t r ans la t ion  of the CASE
STAEMENT is:

goto process’label $
case’ label’O.

code block 0
goto escape’label S

case ’label’ 1.
code block
goto escape ’l abel $ V

S

S

case’label’n.
cod e block n
goto escape’label $

else’label. V

code block n+I
goto escape’label S V

sw i tc h case’control = (case ’label’O,...,case’]abel’n) S 
V

V proc ess’label. V

V goto case’control ($selectorS ) $ V

goto else ’lahel $ V

V 

esca pe’label.
V code block n+2

Unfortunately, the JOVIAL J3 compiler imposes a limi t on the
number of labels that may appear in a single S~ ITCH
DECLARATION. The limit seems to be around 00. For this
reason , a more compl icated translation is necessary for CASE V

STATEMENTS having more than $00 cases. If , in the above
V example the value 200 is assigned to n, the translation of

V 
the pseudo statemen t ta kes the fol low ing form :

40
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goto process’label $
case ’ label ’O.

code block 0
goto escape ’lahel $

case’ label’ .
code block I 

V

goto escape ’l ahel  $
S

cas e’l abe l ’199 . V

cod e block 399 $ V

goto escape’lahel S
else’ label.

cod e block 200
goto escape’label $

switch block’l = (case ’label’0,...,case’labe]’99) $ 
V

switch block’2 = (case ’label’lOO , ...,case’labej’199) $
switch control’switch = (block’I’label ,block’2’labej.) $
item switch’block i 36 s $ V

item switch’displacement I 36 s $
proce ss’l abel .

V renquo(selector ,l00=switch’block ,swjtch’djsp1eceri en~ ) $
goto control’switch ($switch’hlock$) $
goto else ’labe]. $
block’I’label . V

goto block’I ($switch’displacement$) $ V

block ‘2’label .
goto block’2 ($switch’dlsplacement$) $
goto else ’label $

V escape’lahel.
cod e block 201

V JEST generates  labels  of the form “zzzn ” where n is a
non—negative integer. The programmer using JEST should take
care to avoid any labelling conflicts with the

V JEST—generated labels.

V Throughout the JSL)D development , the JEST preprocessor has
V been h e a v i l y  used and has proven to be completely reliable.

V This r e l i a b i l i t y  has been such that  JSDL) debugging
V 

a c t i v i t i e s  have been focussed on the extended JOVIAL code
V rather than on the somewhat obtuse JEST—generated code.

V 
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7, Conclusions and Reco ir~ endations

The principa l utility of Structured Design Diagrams (SUDs)
and I nvocation Diagr a~ns is that  they provide readable , V

graphic portrayals  of the nested logical se~iiences that V
define the structure of a computer program or of a system

V design wri tten in some higher order design language. The
prototype JOVIAL Structured Design Diagrainmer (JSDD ) was
implemented to process, as input , digital computer programs V

written in JOVIAL J3 (with or withou t structured extensions)
V and to produce, as output , SDDs and Invocation Diagrams.

The JOVIAL J3 grammar processed by the JSDD was extracted
from the definition in reference 4. L)ue to certain V

ambiguities in the JOVIAL J3 language (see Section b), it
was necessary to relax some constraints on the JSDD ararumar
so that the JSDD parses JOVIAL J3 programs as a subset of a
wider grammar. The structured extens ions  are based upon the
structured extensions to JOVIAL J3 as described in reference

V 5.

Sf)Ds produced from source code that uses structured
constructs convey better information about program structure

• than those produced from code that  does not obey the
V precepts of Structured Programming; therefore , the use of

the structured extensions supported by the JSDD is
encouraged. Programs that make use of the structured
extensions need a preprocessor to convert them into source

V code that is acceptable to the JOVIAL J3 compilers. Such a
preprocessor has been supplied as a deliverable with the
JSW. See Appendi x A for a complete list of deliverables.
That preprocessor was used to convert the source code of the

V JSDD , which was wr i tten with structured extensions , into
compilable source code. Because of the s t ruc tu red
extensions , the JSDO is a s t ruc tured  program ; there fore , it
was po ssible to use the JSDD to provide excellent quality

V design diagrams of its own source code . The SDDS and
I nvocation Diagrams of the JSL)[) programs are incorporated in
the JSDi) Program Descr ip t ion , a coapanion volume to this
report. V

To get full utility from the Structured Design Diagrarnrfier,
one would have to integrate the JSDD programs into a
comprehensive documentation system. The JSDD would requi re
additional design features to achieve its full potential. A
list of desirable additional features follows:

4’~
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I .  Optional f a c i l i t i e s  for page fo rmat t ing  and pen
p lot t ing should be implemented.

V 2. Concordance l i s t ings  and data summaries should be
opt ional ly  avai lable to the JSDD user.

3. Statements on the SDDs should be a nnotated
optionally wi th  sequence numbe rs that agree wi th the
JOV I AL compiler l i s t ing .

4. The JSDD Symbol Table capabi l i ty  should be enhanced
and its content appropriately written to a data base.

V This data base should be accessibl e to interactive
software tools that can aid the user in understandi ng
the interaction of variables in the computer program.

The JSDD’s Invocat ion Diag ram mer is an example of a software
tool which processes a subset of the JSDD symbo l table
information described in item 4 above.

From the implementor’s point of view the JOVIAL J3 language
was not a good choice of a programmi ng language in which to
implement the JSDD. For instance , the JOVIAL J3 compiler
supplied for use on this contract was incapable of

V optimizing the JSDD programs. Even if this were not the
case , the JSDD would still run more slowly than necessary,
because mu ch computer time is consumed performing operations

V for which the JOVIAL J3 compiler is not very efficient. For
example, a major shortcoming of the compiler is that it does
not support random access output operations on disk files.
This induces the JSDD to consume great amounts of computer
time doing double buffered I/O, and requires the inclusion
of additional software modules in the JSDD computer
programs.

V Two additional aspects of the JOVIAL J3 language render it
less than desirable for the JSDD application or for
~~plementing compiler—like tools in general. First, the
static nature of JOVIAL ’s data handling makes it difficult
to do dynamic memory Vlllanagernent . Second, JOV IAL does not
contain string handling constructs that are naturally suited
to compiler—like programming . The outstanding di fficulty
wi th the JOVIAL character string manipulation capability is

43
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that the current string length and the S$declared fl max imum
string length for a string variabl e are not available at
execution time. In order to circumvent the string handling
difficulties, the character string handling package is
incorporated into each JSDD program. This package offers V

V string operations such as substring and concatenation. 
V

Despite the di fficulties attendant to the implementation ,
the JSDD produces Structured Design Diagrams of high
quality. The JOVIAL programmer should find these diagrams V
to be of great assistance during program design and V

V implementation as well as being useful for documentation
purposes. The Invocation Diagrammer produces an output that V

V 

is extremely useful and probably should long have been a V

standard feature of commercial compilers. The prototype
.15W has been designed such that it can also serve as the

V 
nucleus of a compr ehens ive automa ted documentat ion syst em

V 

for JOVIAL programs, should the construct ion of suc h a V

system be desired at a later time.
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Appendix A. The Deliverables
V In accordance with contract number F30602—76—C—0409 with the

Rome Air Devleopment Center at Griff is Air Force Base, the
tharles Stark Draper Laboratory has delivered the followi ng
three items.

I) CDRL Item A003, The JOVI AL Structured Design
Diagrammer Fina l Report V
2) CDRL Item A004, The JOVIAL Structured Design
Diagrammer Program Description and The JOVIAL V

Structured Design Diagrammer User’s Manual
3) CDRL Item B—6—3308, Annex I to SOW Item I , Digital
Computer Software

The listings of the source programs have been transmitted to
RADC via the RADC MULTICS system . The digital computer V

software has been delivered via a RADC MULTICS directory
hierarchy accessible to RADC contracts personnel. Each
subdirectory within the hierarchy conta ins an explanatory V

segment named info. These explanatory segments are presented V

below.

The deliverables directory contains all software tools
develope d by the Charles V Stark Draper Laboratory, Inc.,
Cambridge, Ma. under contract F30602—76—C0408 with the Rome

V 
Air Development Center at Griffis Air Force Base.

V The Deliverables directory contains the five subdirectories
V listed below:

1) dddg Contains all Design Diagrammer Data Base
Generator software.

V 2) ddg Contains all Design Diagrammer software.
3) irivoc Contains all Invocation Diagrammer software. V

4) jest Contains all preprocessor software. V

5) utIl Contains support software.

The directory deliverables>ddg contains all Design Diagram
Generator (DDG) software. It contains the four V

subdirectories listed below :

V 
I) source Contains source code f or the DOG.

V 2) compools Contains source versions of the DOG compools.
V 3) obj Contains object code for compiling and running
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the DDO.
4) control Contains the control segments for running and

compiling the DOG.

V The directory del iverables>ddg> source contains two source
versions of the DDG: ddg.j ovp and ddg.jov . V

The segment ddg.jovp is the primary source version. It is
written in extended JOVIAL (i.e.,. JOV IAL J3 p lus structured V

extensions). All development work was performed on ddg.jovp.

The segment ddg.jov is the preprocessed version of ddg.jovp.
It consists of standard JOVIAL J3 code. The segment ddg.jov
was obtained by executing the JEST preprocessor with the
Input segment ddg.jovp.

The directory deliverables>ddg>compool s contains the source
versions of the compools used by the PDG. They ares

I) spool .cmp Contains the string package global
declarations .

2) dehug.cmp Contains the 1)1)0 debug switches.
3) opt.cmp Contains the DDG options.

The directory delIverables>ddg~ohj contains object segmentsand crnp_out segments (used for compiling DOG e lements) .
They are:

V 
1) spool.ohj Global string package declarations.

V 2) spool.cmp out
3) ~~~~~~~~~ DDG debu gging swItches~V 4) debucj .cnip_oiit
5) opt .obj  DDG options.

V 6) opt .cmp_ out
7) ddg.oh j The DOG.

V The directo ry del iverables>ddg>contro l  contains  the control
V 

secments needed to invoke the GCOS simulator for a

4
_
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compilation or execution . The segments ares V

I )  ddg.jln Compi les the DOG.
2) ddg.rin Executes the DOG.

V 

3) spool.cln Compiles spool.cmp.
4) debug.cin Compiles debug.cmp. V

5) opt.cin Compiles opt.cmp.

The di rectory deliverahl es>ddd g contains  a l l  Design V
Diagraminer Data Base Generator (DDDG) software. It contains
the four subdirectories listed below:

I) source Contains source code for the DDDG.
2) compool s Contains source versions of the DDDG compools.
3) obj Contains object code fcr compiling and running V

the DDG. V

4) control Contains the contro l segments for running and V

compi l ing  the DOG .

The directory deliverables>dddg>source contains two source
versions of the DDDG: ddd9.V~OVP and dddg.jov. Two source
versions of the externa l procedure synth , synth .  jovp and
synth.jov, are also in the directory .

The segment dddg.jovp is the primary source version. It is
written in extended JOVIAL (i.e., JOVIAL J3 plus s t ructured
ex tens ions) .  All  developmental  work was performed on
dddg.jovp.

V 
The segment dddg. joy is the preprocessed version of
dddg.jovp. It consists of standard JOVIAL J3 code. The V

V 

segment dddg .jov was obtained by executing the JEST
preprocessor with the input segment dddg.jovp.

The directory deliverahles>dddg>cornp oo ls contains the source
versions of the compools used by the thidç~. They aret

I) spool.cmp Contains the string package globa l
dec la ra t ions.

2) data.ci ’ip Conta ins  the dddg gloabal dec la ra t ions .
V 3) ntables.cmp Contains the parsing tables used by the

dddg .

4~
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The directory deliverabl es>dddg>obj contains object segments
V and cmp out segments used for compiling the dddg.

They are s

I) data.obj Globa l dddg declarations.
2) data.cmp out

V ~~ ntables.obj Parsing tables.
4) ntables.cmp_out
5) spool.obj String package globa l declarations.
6) spool.cmp..out
7) synth.obj The dddg’s external procedure.
8) dddg.obj The dddg.

The directory deliverahl es>dddg>contro l contains the control
V card segments needed to invoke the OCOS simulator for a V

JOVIAL compilation or execution. The segments are:
V 

I) dddg.jin Compiles the dddg.
2) dddg.rin Executes the dddg.

V 
3) synth.jln Compiles synth.jov.
4) data.cin Compiles data.cmp .
5) ntables.cin Compiles ntables.cmp.
6) spool.cin Compiles spool.crnp .

The directory deliverables’invoc contains all Invocation
Diagrammer software. It contains the four subdirectories
listed below :

1) source Contains source code for the Invocation
Diagrammer.

2) compools Contains source versions of the Invocation
Diagrammer compools.

3) obj Contains object code for compiling and running
V V the Invoca t ion  D iagrammer .

4) control Contains the contro l segments for running and
compiling the Invocation Diagrammer.

V 

9
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The directory deliverables>invoc>source contains two source
versions of the Invocation Diagrammers invoc.jovp and
invoc. ov.

The secjment invoc.jovp is the primary source version. It is
written in extended JOVI AL (i.e., JOVIAL J3 p lus structured
extensions). All development work was performed on
invoc. jovp.

The segment 1.nVOC.JOV is the preprocessed version of V

invoc.jovp. It consists of standard JOVIAL J3 code. The V

segment invoc.jov was obtained by executing the JEST
preprocessor with the input segment invoc.jovp. 

V

The directory deliverables)’lnvoc>compools contains the
source versions of the compools needed to run the Invocation
Diagrammer.

They are s

1) opt.cmp The options compool.
2) spool.cmp The string package compool.

V The directory deliverables~invoc>obj contains the object
segments and cmp_out segments (used for compiling the
Invocation Diagrammer ) relating to the Invocation V

Diagrammer.

They ares

I) invoc.obj The Invocation Diagrammer.
2) spool.ob j The string package declarations.
3) spool.cmp_ out
4) opt.obj The Invocation Diagrammer options.
5) opt.cmp_out

The directory deliverabl es>invoc>control contains the OCOS
control card segments used for running and compiling the
Invocation Diagrammer. They are:

so
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1) invoc.jin Compi les the I nvocation Diagrammer.
2) invoc.rin Runs the Invocation Diagrammer. V

3) spool.cin Compiles spool.cmp.
4) opt.cin Compiles opt.cmp.

V F

The directory deliverabl es>jest contains the source and
object versions of the JOVIAL Extended Structures Translator
(JEST). JEST is a preprocessor which translates programs 

Vwritten in extended JOVIAL (i.e., JOVIAL J3 plus structured
extensions ) into standard JOVIAL J3 programs. JEST is a PL/I V

program developed to work in a MULTICS environment . V

The directory deliverabl es>util contains the MULTICS system
support software developed for the JSDD effort. It has two
subdirectori es, exec_coms and code. The exec_com

V subdirectory contains the MULTICS exec_coms developed by V

Victor Voydock which generate OCOS control cards. The V

subdirectory code contains utility software used throughout
the project. V

The directory deliverahles >util>exec ....coms contains the
MULTICS exec_coms which were developed to automatically
generate GcOS job control card decks. The following is a
list of the exec_coms accompanied by a brief description.

~~*~** gcos_setup.ec ~~***

A num ber of exec_com’s have been created to make it easier
to compile programs using translator s which run under the V
GCOS environment simulator and to execute the resulting (COS V

object programs. V

This is a description of what must be done to set up a
process environment in which these exec_com’s can be used.
The actual use of the individual exec_com’s is described
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below.

Once the following instructions are followed , the exec_coms
may be used directly as commands as described below.

Table of Contents:

The fo l lowing  are avai lable:

jovial compile a Jocit JOVIAL program
compool compile a compool to be used by other Jocit JOVIAL

programs
gfort compile a UCOS FORVVFRAN program
gmap assemble a GMAP (OCOS assembly language) program
run load and execute one or more GCOS object programs
prr print edited version of program run output

Instructions :

To use the above exec _ coms d i rec t ly  as commands do the
following:

I) Using the “link” comman d, put the following link in
your “search” directory : (this link may already exist; if
so, the link command will ask you if you wish to delete
the old link ; you should answer yes)
>udd>fc >v lv>Libra ry > on  V

2) In the abbrev command lines listed below , you should V

replace ZZZ by your initials (in lower case). The rest of
the line should be typed literally as shown below. For
example ,

(us er name]

means type a left bracket followed by the word “user ”,
followed by the word “name ”, followed by a right bracket. V

**** install .ec ****

Th e ins ta ll exec_com “installs ” new versions of the jovial,
comp ool, run , gfort, and gmap exec_coms In the directory
>udd>fc>vlv>l ib.

-_ V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ V~~~V
VV ~~~ V V 
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NOTE : THIS EXEC_COM ASSUMES THAT THE USER’S WORKING
DIRECTORY IS: V

>udd> f lowchart>Voydo ck>Libr ary

Syntax:

cwd V>tjcjcj>fc>vjv>Iib ec Install name

Argument s

name is the name of the segment (minus the “ec” suffix) to
be installed .

Notes:

V The installation process is as follows :

I) The segment “name.ec” in >udd >Flowchart>Voydock>Library
(h e r e i n a f t e r  called “the library ”) is renamed to narne .X.ec
where X Is the date and time the installat ion began. V

2) All other names on the old name.ec are removed

3) The segment
>udd*lowchart>Voydock>gcos_exec_com _dev name .ec is copied

V 
into the library .

4) The names of all exec_coms invoked with narne.ec are
converted from r e l a t i v e  to absolute pathnames. This is
necessary to avoid forcing the user to know the names of

V all the exec_coms invoked in name.ec and having to place
links to all of them in any directory which will be his

V 

working directory wh en narne.ec is invoked.

**** jovial.ec ****

The jovial command allows the user to easily ir1voke the
Jocit JOVIAL compiler which runs tinder the t4ultics GCOS
Environment Simulator to translate a segment containing a

V 
~~~~~~~~~~~~~~~~~~~ 
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JOVIAL source program into a GCOS format object segment
which can be executed using the run command. A listing
segment Is optionally produced.

The following output line is always printed out by the Jocit
compiler. There is no way to suppress it , and is not
indicat ive  of a ma jor problem :

gcos_mm_info_: mme geinfo will not return a copy of the SSA. V

Syntax:

jovial  path —joci t _opt ions— V 
V

Argum ents:

path is the pathname of a JOVIAL source segment that is to V

be translated by the Jocit JOV IAL compiler. The actual  
V

entry name of the source segment must have the suffix “joy”.
If path does not have the suffix “joy” then one is assumed. V

That is, the followi ng two command lines are identical :

jovial my_program. joy
jovial my_program

jocit_options are options accepted by the Jocit compiler.
See the Jocit Compiler User’s Manua l for a l ist of
acceptable options. If multiple options are specified , they
must be separated by commas. No embedded blank s are
allowed.

Output Segmen ts:

The following output segments are produced in a subdirectory
of the user’s working directory named jovwrk (which is
created if it doesn’t exist) during the compilation of the
segment myprog. joy:

myprog.obj
OCOS format object program which is the translat ion of
myp rog.jov. The program may be executed by the run
command .

myprog .l i s t

b4
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1
Lis t ing  segment produced by the compi ler  in response to

V user specified options.

myprog .compile.list
Output of the GCOS environment simulator. This is
usually of no interest to the user.

V mypro g . j in
V Card Images of OCOS contro l cards produced by the

V jov ial  command to cause the OCOS enivronment simulator
to perform the t r ans la t ion . U s u a l l y  of no in te res t  to
the user. V

V 

Notes:

V I) If a “jin” segment already exists when the jovial
command is invok ed, the user is asked if he wants to use
it. If he answers “yes” then the old segment is used
wi thout change. If he answers “no” then the old segment
Is deleted and a new “jin” segment is generated.

2) If a “jin ” segment is being generated , the com~nand asksthe user for the names of the compoo l segments to be used
during thi s compilation. The names should be all typed on
the same line separated by at least one space. •fhe names
should be typed without the “cmp_ out” suffix. The

V compools must previously have been compiled using the
compoo l comm and. I f  no corapool s are to be used , a blank
line should be typed .

3) The jovial command automatically compiles all programs
V 

with the com pool
>~Jdd>F~lowchart>Voydock >Lihrary>utilities.ctnp_ otit wh i ch
contains various useful external procedure declarations.

4) The jovial command automatically adds the following
options to the list of user specified options :

xre f
V map

ncomdk
name/xxxxxx/

where xxxxxx is the first six characters of the name of
the program being compiled .  The ncomdk option suppresses

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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the production of a compressed source card image optput V

file wh ich is of no interest to the user. The Jocit
manual claims ncoiudk is the default but this is not the 

V
V 

V case.

5) Since the “ V it h ”  and “compile.list” segments are not of
genera l interest and tend to clutter up one’s di rectory,
the user m ay  wish to use abbrev or exec_com to
automatically delete these segments after translation is
coripleted. This feature may later be added as a control
argunent to the jovial command . 

V

V Example :

The following command line will translate the source 
V

V program ~any_dir>some_prog.jov using the xref , map, and
lstou compiler options and store the output segments in
the user’s current working directory :

jovial >any_ dlr>some_prog lstou

**** compool.ec ****

V 
V The compool. command allows the user to easily invoke the

Jocit J1VIAL compiler which runs under the Multics GCC)S
V V Environnent Simulator to translate a segment containing the

source code of a JOV IAL comoool.

Synt ax :

V comoool path —jocit_options—

Argurnents$

path is the pathname of a JOVIAL com pool source segment to
V be t rans la ted  by the Jocit JOVIAL compiler .  The ac tual

entry name of the source segment must have the s u f f i x  “cmp ” .
If path does not have the suffix “cmp ” then one is assumm’~ed.

V That is, the following two command lines are Identical:
V 

compool my program .cmp

V - V - V V ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~~~~~~~~~ 
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compool my_program

V jocit_options are options accepted by the Jocit compiler.
V See the Joc it Compi ler User’s Manua l for a list of

acceptable options. If multiple optipns are specified , they V

must be separated by commas. No embedded blank s are
allowed. V

Output Segmen ts: V

V 
The following output segments are produced in a subdirectory V
of the working directory called jovwrk during the
compilation of the segment myprog.cmps V

myprog.cmp_out V

Contains the translated form of the procedure and data
declarations of the source compool which do not V

actually generate any storage. That is, procedure V

V declarations and non compoo l common data declarations.

V myprog.oh.j
Contains storage for compoo l commo n data declared in
the source compool. In theory , if there are no compool
common data, this se~ment should not he produced.
However , the compiler seems to always produce this
segment . In the case when there are no cotnp ool common
data, It seems from empirical evidence to be safe to
ignore the “ohj” segment.

V myprog.list 
V

V Listing segment produced by the compiler in response to
V V user specified options.

myprog.compile.list
Output of the (COS environment simulator. This is
usually of no interest to the user.

myprog.cin
V Card images of GCD S control cards produced by the

jovial command to cause the OCOS enivronment simulator
to perform the translation. Usually of no interest to

V the user. V

I
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Motes : V

I) If a “C m ”  segment already exists when the compool
conm~and is invoked, the user is asked if he wants to use
it. If he answers “yes” then the old segment is used
wi thou t change. I f  he answers “no ” then the old segment
is deleted and a n ew “c m ”  segment is generated. V

2) The compool command au toma t ica l ly  adds the fo l lowing
V options to the list of user specified options:

ncomdk V

nanse/xxxxxx/

V where xxxxxx is the first six characters of the name of
the comp ool being translated . The ncomdk option
su ppresses the produc tIon of a compress ed sourc e card
image optput file which is of no interest to the user.
The Jocit manual claims ncomdk is the default but this is

V not the case.

3) Sinc e the “c m ”  and “compile.list” segments are not of
general interest  and tend to c lu t te r  up one’s di rectory,
the user may wish to use abbrev or exec_com to
automat ical ly  delete these segments after translation is
completed. This feature ~nay later be added as a control
argument to the compoo l command.

Exam ple s
V The following command line will translate the source

V program >any_dir>some_prog.cmp using the xref , map, and
lstou compi ler opt ions and store the outpu t segmen ts in

V 

the miser’s current working directory :

compool >any_dir>some_prog xref,map ,lstou V

**** run.ec ****

The run com mend allows the user to execute one or more GCOS
format object segments using the OCOS environment simulator.
A current implementation restriction allows only object

V 

segments produced by the JOVIAL compiler to be run.

V 
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Syntax:
V run path i ... pathn

Argumen ts:

path i ... paths are the pathnames of the object segments to
V be run. The actual entry names of the object segments must

have the suffix “obj”. BUT the pathnames given In the 
V

V con~nand line must not specify the “obj” suffix. Vrhat is,
the com.aand line :

run f i r s t_prog my_prog

is legal. i~hereas the command line:

run fi rst_prog.ob j my_prog.obj

Is not.

Output Segments:

The following output segments are produced In a subdirectory
(jovwrk) of the user’s working directory during the
execution of the run command :

V f i r s t_prog.run.list
V rlhere “first_prog” is the first object segiTlent

V specified in the command line. This segment contains
V two types of output. First it contains output produced
V by the GCOS simulator during the execution . ThI S is

usually of little interest to the user. Then it
contains all program output directed to logical unit
number 06 and a l l  output  produced by monitor
s ta tements .

The prr command allows the user to print the contents
V of this seiment ignoring the OCOS simulator output.

There is no way to divert output directed to logical
V uni t number 06 to the t e r m i n al .  To p r in t  output on the
V term inal use the trm ou t and tout procedures .

V There cur ren t ly  is no way to diver t  moni tor  output  to
V the t e rmina l .  rhms is a problem in the Jocit runtime
V l ib ra ry .  I t  is being looked at by the compi le r

imp lem!I entors .  V

_________ V~~~~~~~~~L~~~~~~~~
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first...prog.rin
This segment contains card images of OCOS control cards V

produced by the run command to cause the OCOS
enviroment simulator to execute the programs. Usually
it is of no interest to the miser.

Notes:

I) If a “rin ” segment already exists when the run comi~iand 
V

is invoked , the user is asked if he wants to use it. If
he answers “yes” then the old segment is used without
change. If he answers “no ” then the old segment is

V deleted and a new “rin ” segment is generated. 
V

2) If a “ V iifl segment is being generated , the command asks
the Liser for the names of the files which will be
referenced during the execution of the object programs. V

The names should all be typed on the same line separated
V by at least one space. Output files need not exist when

the run command is invok ed ; they are automatically created
when needed. The files are assigned logical unit numbers V

startln-j with I) (that is, the first file specified is
assioned II , the second 12 , etc.). The file declarations
In the object programs uust, of course, assign logical
unit numbers accordingly.

3) Th~ logical unit number 08 is reserved for use by the
t rmi n  procedure , the u n i t  09 is reserved for use by the V
trmout procedure , u n i t  10 is reserved for possible special

V use, None of these un i t  numbers should he used by user
r r oc~rarns .

4 ) The run command a u t om a t i c a l l y  loads the t r rn in , trmout ,
tout and frstnh programs for every execution.

V **** prr.ec ****
V The prr commmna nd prints the results of a run stored in a

“r’in.lIst” segment starting with the line containing the
stri ng “EXECUTIJN Pi.lO(RAM ENTERED AT” That is, it ignores

V all of the output of the simulator (load map, etc.) whi ch
Is usually of no interest to the miser.
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Syntax : V V 
V V V

prr path 
V 

V 
V

Argument s

path is the pathname of the segment containing the- output to
be printed. The actua l name of the segment must have the
suff ix “run. list”. However this suffix must not be
specified In path. That is,

prr my_prog 
V~~

is legal; whereas V

prr my_prog.run. list

V is not.

**** on.ec ****

V Function s on is a condition—handling program for commands.

Syntax: on condname handler_com_ line options
subject_corn_line 

V

V Argumen ts: “subject_corn_ line ” will be executed, if
condition “condname ” is raised, then the handler for it wi ll
call cu_Scp to execute the line “handler_corn_ line ”. V

V Control arguments: —brief (—bf) to suppress the comment
when condition is raised —retry to return to point of

V faul t after handler —long (—lg) to print machine conditions
when condition raised —ci to call cu_Sd after handler
(com mand level, preserves machine conditions )

Notes :
Normal action after handler is to do a non—local goto and

V cont inue to the next  command a f t e r  “on ” . V

V
t oI

- 

V 

V 
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“subject_corn_l ine” begins wi th first non—option and need V
not be enclosed in quotes (“handler_corn_l ine ” must be
though). If “condname” is ,1*,~~, then an any_other handler 

V

is set up In this case, “alrm ”, “cput”, “quit” , and V

V 
“program_interrupt” will not activate the handler.

Examples: on * “ec error” —Ig v2pll foobar on qui t ts on V

* ts myprogram$myprogram I on command_error db —rt —bf V
foobar on accessviolation “58 &I rewa” —rt print &1

The directory deliverables util>code contains the JSDD V

software support code. The segments contained in the
directory are listed below accompanied by brief descriptions
of their purpose and use. V

utilities.cmp
utilitles.cmp_out V

utilities.ohj V

The compool >udd>Flowchart>Voydock>Llbrary>utilities.cmp_out V

is automatically used by the jovial command for every
V compilation. It contains the proper declarations for the

following Items.

External procedures :

trmout print a character string on the terminal
V 

suppressing leading blanks
tout print a portion of a character string on the

term inal
trmin read a line typed at the terminal into a

V character string
frstnb return the index of the first nonblank character

V in a string 
V

Cu rrently u~eless:

The following two declarations will eventually allow the
user to divert the output of “mon itor ” statemen ts to a
segment other than the “run.llst” segment. Since the j’fIle

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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procedure described in the Joc it manual does not currently
work (any program which Invokes It blows up), these items
are not of current interest. They are included for
completene ss.

fi le mon’output h I r 132 v (null) 10$
V proc j’flle(mon’output’file)s

trmout.gmap trmout.obj

The procedure trmout allows a JOVIAL program to print a
character string of any length on the terminal. Leading 

V

- blanks, if any, are suppressed. Since the procedure Is
declared in utllitles.crnp_out, it can (and must ) be used in
a JOVI AL program without being declared.

Syntax:

trmout (char-’string , str’lng ) $  V

Arguments:

char’string is any character string known to the program
V In which the call to trmout is located.

str’!ng is the length of the string in characters.
It should either be a constant or declared
wi th the following declaration:

item str’ing i 35 uS

‘V 
trmIn.gfort trmin.obj

The procedure trmin allows a JOVIAL program to read a line
V typed at the terminal into a character string. This

character string may be of any length. If the line typed is
shorter than the string, it is stored r ight  adjusted with

V leading blanks. Since the procedure is declared in
V utilities.cmp_out , it can (and must) be used in a JOVIAL
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V

program without being declared.

Syntax; 
V

trmin (char’strlng, str’lng)$

Arguments :

char’string is any character string known to the program
in which the call to trmin is located.

str’lng is the length of the string in cha~acters.It should either be a constant or declared
with the fol low ing declarat ion:

item str’lng I 35 uS

tout.gfort tout.obj

The procedure tout allows a JOVIAL program to print part of
a character string on the terminal. The character string 

V

may be of any length. Since the procedure is declared in V

utilities.cmp_out , it can (and must) be used in a JOVIAL
program without being declared.

Syntax:
V 

tout(char’strlng , first, str’lng)$

V Arguments :

char’string is any character string known to the program
V in which the call to tout is located.

V first the rightmost str’lng—f irst+ I characters
V 

of char’string are printed. First should
be declared as follows:

item f irst 1 35 uS
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str’lng is the length of the string in characters. V

It should either be a constant or declar ed
wi th the following declaration:

i tem str’lng I 35 uS

frstnb.gmap frstnb.obj

The function frstnb returns the index of the first nonblank
character in a specified character string. This string may 

V

be of any length. Since the procedure is declared in
utilities.cmp_out, it can (and must ) be used in a JOVIAL
program wi thout being declared.

V Synt ax :

index=frstnb (char’str ing, str’lng)S

Argumen ts:
V Index is the index of the first nonbiank character in

V char’string. The count is from the left; the index
of the left most character is one. If the string
contains no leading blanks then index is set to zero.

V Index should be declared as follows :

item index 1 35 uS

char’string is any character string known to the program
in which the call to frstnb is located.

str’lng is the length of the string in characters.
It should either be a constant or declared
with the following declaration s

i tem str ’lng 1 35 us
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