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A STATISTICS COLLECTION PACKAGE FOR THE JOVIAL J3 PROGRAMMING LANGUAGE

Robert E. Stover, Jr.

1.0 INTRODUCTION

The JOVIAL J3 Statistics Collector, produced under an in~house effort by
the Rome Air Development Center, is a software package designed to
measure usage of the various constructs and features of the JOVIAL J3
higher-order computer programming language. The statistics collector
takes as input a JOVIAL J3 source program, and operates upon this code
to obtain various statistical quantities about the program. It is hoped
that the statistical information derived by this package will enable
more effective programming in the JOVIAL J3 language, greater efficiency
in inplementation of JOVIAL J3 conpilers, and suggestions regarding
possible language changes. Since JOVIAL J3 has been the official Air
Force language for command and control applications, it is an ideal
language for such analysis.

This statistics collector is currently hosted and running on the HIS
600/6000 GCOS computer system at RADC, but has been designed to be as
system independent as possible. It processes JOVIAL J3 as described by
MIL~-STD-1588 (USAF), 30 June 1976, with certain features added for
compatibility with the JOVIAL Compiler Implementation Tool (JOCIT).

A summary of basic facts about the JOVIAL J3 Statistics Collector
appears in Table 1.

2.0 HISTORY

A brief summary of key events in the development of the JOVIAL J3
Statistics Collector is presented here. Since the productivity of the
programmer and implementor, expressed in lines of code generated as a
function of man-hours of work, is of interest, this information is
presented in Graph 1.

2.1 Early Work

Construction of the JOVIAL J3 Statistics Collector began in July 1974,
after a need for statistical information about the language became
evident within the Air Force. The first task undertaken involved the
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execution of a hash coding(*) routine with a given 1list of names as
input; no processing of an actual program was performed.

In November 1974, a design for the statistics oollector consisting of a
compool, main program, routine to return tokens of the language, and
output routine was put onto the system. At first the token returning
routine was merely a prearranged list of tokens, but soon an actual
operational scanner was implemented. These four modules correspond to
the present STCOMP, STATCO, GETTOK, and PUTOUT.

2.2 Process of Major Development

Once its basic structure had been established, the statistics oollector
was progressively beefed up. At first the package only yielded
information on numbers of types of statements and perhaps one or two
other miscellaneous items, but in December 1974, a subroutine to process
assignment statements and count various operators and operands contained
therein was implemented. In January 1975, hash coding of identifiers was
restored as part of the package, using the independently compiled
subroutine TOKHSH.

Work on the statistics collector was then suspended for six months. One
of the first tasks oconducted upon resumption of the effort was the
detection and counting of various types of declarations. Also, the
reconpilation of the entire statistics collector every time a change was
made to any part of it was found to be wasteful and expensive, so a
procedure was established for saving the object code of modules on
permfiles on the GOOS computer system and only recompiling modules
affected by changes prior to a run. Since changes to a compool generally
require recompilation of any referencing programs, it was decided to
move the statistical data, only referenced by STATCO and PUTOUT, into a
new compool COMPST, requiring recompilation of only this compool and
these two executable modules whenever the statistical data base was
revised.

In October 1975, a symbol table containing information about identifiers
was incorporated into the statistics collector, and this capability has

(") Hash coding is a method by which a name is assigned to a unique
location in a table having n entries by determining the value modulo n
of some integer function of the name, such as the sum of the machine
representations of the words containing it. If the entry determined.for
a given name is already occupied by another name (this is called a
collision), a quadratic function is applied with successive integers,
and this amount added to the original location, to determine a new
table entry until a vacant position for the name can be found in the
table. When this name is again referenced by the program, this
procedure can be repeated to find where it was originally stored,
precluding the necessity of searching through most of the table for the
name.
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been progressively upgraded to the present. The hash coding output
routine, previously called HSHOUT, was renamed TABOUT, and now printed
both the hash coding and symbol tables.

The inclusion of a symbol table prompted the revision of the statistics
collector to a two-pass structure. This was done for a while by making
GETTOK the entire first pass, fetching all of the tokens upon one call
from STATCO and creating the symbol table, while STATCO performed the
second pass statistical processing. This was found to be inefficient, so
a new subroutine module, PASS1, was called once from STATCO, and called
GETTOK, which had been reverted to yielding one token per call, whenever
the next token in the input stream was needed. At this point, all eight
independently compiled modules of the present statistics collector
structure were in place (see Section 3.0).

From this point until major testing of the package was begun in June
1976, most of the work consisted of refinement of the statistics
collector‘ and increasing the types of statistical quantities obtained.
Two major extensions which deserve mention are the mplementatlon of
compool resolution of identifiers and the processing of define
directives and substitutions.

2.3 Recent Testing and Debugging

During most of the process of its development, the statistics collector
was run with its own modules as input. However, during June, July, and
December 1976, the JOVIAL J3 Compiler Validation System (JCVS-J3) and
certain software produced by Strategic Air Command (SAC) headquarters
were used as input to the package. Previously undetected errors
uncovered by this process included failure to handle unnamed tables;
wrong detection of control transfer and switch names in some instances;
and incorrect symbol table type assignments from item descriptions. The
utility of the SAC software was 1limited by lack of access to the
compools referenced by those programs.

3.0 DESCRIPTION OF MODULES

The JOVIAL J3 Statistics Collector currently oconsists of eipht
independently compiled modules: two compools, one driver progran,-and
five procedures performing various functions within the package.
Reference has already been made in Sections 2.1 and 2.2 to the
historical development of each of these modules. 'I'hey are md:.v:.dually
described below, and their logical mterre.lat:.onshlp appears in Table 2.
Table 3 lists the size of each module, and summarizes its funcvion.

3,1 STCOMP

STOOMP is the main compool of the statistics collector. It contains
declarations of simple items, tables, arrays, files, and procedures used
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during execution, as well as a few declarations of statistical items
calculated by the scanner GETTOK. It is referenced by all executable
modules.

3.2 COMPST

COMPST is the campool ocontaining declarations of most statistical
quantities. It is only referenced by STATCO, where these values are
calculated, and PUTOUT, where they are output.

3.3 STATCO

STATCO is the driver program of the package. It calls PASS1 to perform
the first pass, then does the statistical counting and calculation of
the second pass itself. After this is completed, it calls output
routines PUTOUT and TABOUT. It contains closes to collect statistics
about arithmetic expressions, named tables, unnamed tables, and arrays,
and subroutines to determine type of assignment and to collect
statistics about item description types.

3.4 PASS1

PASS1 conducts the first pass of statistics collection, which consists
primarily of symbol table creation. It calls GETTOK to obtain the next
input token when needed, employing token lookahead in some instances. It
also calls TOKHSH to hash code identifiers. PASS1 contains a close for
assigning symbol table name, scope, and class to identifiers, and
subroutines to discern between unsigned and signed integer and fixed
items and to create symbol table entries for like tables.

3.5 GETTOK

GETTOK is the scanner. It performs essentially as a finite state
machine, scanning the stream of input characters until a token of the
language is detected. In the case of a define name reference, the scan
can be diverted to the appropriate define string. GETTOK contains
subroutines for assigning a numerical value to each character and for
detecting and handling the end of an input line or define string.

A list of the tokens of the JOVIAL J3 language, all of which are now
detected by GETTOK, appears in Table 4.

3.6 TOKHSH

TOKHSH, the hash coding routine, uses a quadratic hash coding algorithm
which places each distinct compool and source program identifier at a
unique position in the hash table, and sets up a symbol table reference
for the identifier. It contains subroutines to determine whether
identifiers of identical spelling are in fact the same or different with
regard to scope and oontext, and to determine how an identifier is
declared.

SO
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3.7 PuTOUT

PUTOUT is called by STATCO, and prints a summary of the statistical
information collected and evaluated by the package.

3.8 TABOUT

TABOUT, also called by STATCO, prints the hash coding and symbol tables
for the input program, including any associated compools.

4.0 DOCUMENTATION

Written information about the JOVIAL J3 Statistics Collector and its
construction and implementation has been maintained in various forms for
a number of aspects of the effort. These are listed ‘below, and their
structure is portrayed in Table 5. The number of pages in each document
appears in Table 6.

4.1 Descriptions and Reports

A considerable amount of general information about the statistics
collector has been provided at various times during the course of the
project. A brief summary of such documents is presented here.

Early in the effort, a brief review of the nature and purpose of the
statistics collector was set forth in "JOVIAL J3 Statistics Collector,"
dated 10 September 1974. This was accompanied by "Statistics Collector
Components," an outline of statistics expected to be gathered by the

package, bearing the same date. This report and outline both reside on
the HIS 600/6000 Multics computer system at RADC.

An early, and now somewhat out of date, design plan for the statistics
collector appears in "Overall Des:.gn of the JOVIAL J3 Statistics
Collector." The date of this paper is uncertain, but is _probably around
October 1974. A handwritten copy of this report exists in the statistics
collector records, but it has never been put onto a computer system.

Two interim reports of progress in the development of the statistics
collector have been produced. The first, "Status of the JOVIAL J3
Statistics Collector," dated 13 January 1975, resides on the GCOS
computer system at RADC, and has been distributed to some extent. This
report summarizes early work on the package, discusses its structure in
some detail, and provides an analys:.s of errors made up to that point.
This material was updated in “Second Interim Report on the JOVIAL J3
Statistics Collector," dated 26 March 1976, which resides on the Multics
computer system at RADC, but has never been formally published.

An RADC Status Report, Form 77b, dated 1 October 1976, describes the
state of the statistics collector effort as of that date in handwritten
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tabular form, and is in the statistics collector records.

It is expected that a brief report will be produced at the end of the
entire statistics collector project, updating this RADC Technical Report
and summarizing the final work on the effort.

4,2 List of Highlights

This is a chromological listing of the major milestones and extensions
of capability for the statistics collector from its inception to the
Present.

4.3 Daily Diary

This 1is a day-by-day account of work performed on the statistics
collector, and other related events, from 23 September 1974 to the
present. Monthly summaries describe work accomplished prior to the
inception of daily accounting.

4.4 Time and Cost Information

Hours spent working on the statistics oollector, number of terminal
sessions, total terminal connect time, terminal cost, number of batch
runs, total processor time for batch runs, batch cost, and total
computer cost are recorded for each date on which work was performed on
the statistics oollector from 15 October 1974 to the present. Table 7
contains a summary of this information on a monthly basis.

4.5 Error Data

This is a record of all prograrmer errors made on the package since 1
October 1974, and all compiler and system errors occurring since its
inception. Prior to 30 September 1975, accounts of errors were written
up in paragraph form; since 1 October 1975, they have been recorded in
tabular form. Programmer errors have been subdivided into six
categories: forgetfulness, logic, data management, subroutine linkage,
input/output, and resource allocation. Aspects of errors considered
include criticality, relationship to attempted correction of previous
errors, and number of runs required to fix. A summary of the error
information obtained so far in the project appears in Table 8.

Reclassification of these errors based on the categories established by
TRW Systems Group in a recent study of software reliability (1) has been
accomplished. The results of this reclassification appear in Table 9.
Further discussion of error analysis appears in Section 6.

4.6 Computer Output

Listings of terminal sessions and batch runs have been saved since quite
early in the effort. These listings are not complete, but cover most of
the significant work done on the statistics collector.

6




5.0 RESULTS ACHIEVED TO DATE

As is indicated in Table 10, the statistics collector now possesses an
extensive capability for describing usage of JOVIAL J3 oconstructs and
features by programmers. Counts and percentages of both declaration and
executable statement types are provided. A further breakdown of tokens
in arithmetic expressions is derived. Information such as number of
lines in the program, average line length, average comment length, etc.,
is also calculated.

No real analysis of the statistical data obtained by runmning various
programs through the statistics collector has yet been conducted. In
fact, some of the programs used as input are not truly representative of
JOVIAL J3 software, so the applicability of such an analysis might be
limited. However, it has been noticed that the use of structured
programming technology has been somewhat lacking (data not explicitly
declared, IF statements used in preference to IFEITH, many GOTO
statements, etc.) Another cbservation is that certain programmers tend
to completely avoid using particular features of the language, such as
arrays or exchange statements.

An example of an actual output listing from execution of the statistics
collector, including hash coding and symbol tables, appears in Table 11.
The first pass and symbol table routine PASS1 of the statistics
collector itself, with reference to main statistics collector compool
STCOMP, was used as source program input in this case.

6.0 ANALYSIS OF ERRORS

As mentioned in Section 4.5, the source and compiler errors made in the
process of coding the statistics collector have been categorized both in
terms of the implementor's own classification scheme, and that devised
by TRW Systems Group (2). The reason for going to such great lengths to
analyze these errors is that it was felt that this effort provided a
ready-made opportunity to observe the commission, discovery, and
correction of errors during the actual software development process. It
is hoped that investigation of this data and its corparison with that
from other software projects will provide meaningful insight into the
problem of software errors.

As indicated previously, Tables 8 and 9 summarize this data. A further
analysis of each of the two error classifications follows in Sections
6.1 and 6.2,

Ancther important aspect of source errors is the relationship between
the total number of errors and the lines of code produced. Graph 2
expresses this relationship.

6.1 Implementor's Classification

:
!
|
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As stated in Section 4.5, this classification consists of six categories
of user errors, plus a separate category for compiler or system errors.
The most prevalent categories of user errors are s2en to be logic and
data management., This reflects the extensive logical branching required
to identify language constructs from the source code and tokens, and the
extensive manipulation required to operate upon data entities,
particularly in relation to the symbol table. Subroutine linkage errors
are fewer in number, but are more often critical (causing all or most of
the statistics collectar to fail to operate properly), as would be
expected. Resource allocation errors are almost always critical, for the
package cannot really run without the provision of required space or
time. Nearly 20% of all user errors are related to attempts to correct
previous errors; this is considered a high figure.

6.2 TRW Classification

As is seen in Table 9, the errors are divided among 20 categories (3), 4
of which are oonsidered non-applicable to this effort for the reasons
stated. As with the previous classification, logic and data handling are
the most prevalent error categories, and errors related to the global
operation of the software tend to be more critical. The "Recurrent"
category is a catch-all for all errors resulting from another attempted
error correction, and these errors are not further classified, except
with regard to criticality. Compiler or system errors are generally
included in the "Operating System/System Support Software" category.

The total number of errors included in this second classification is
slightly greater than that in the first because some errors were made
between the times of the two classifications, and also because some
single errors in the first classification were considered multiple
errors for purposes of the second.

7.0 FUTURE PLANS

The statistics collector is now pretty well corpleted, with most of the
desired capability having been incorporated into the package. Trere are
a few features yet to be added. These include collection of further
information about IF, IFEITH, and FOR statements, and the levels of
nesting of such statements; increased analysis of the right side of
assignment statements; treatment of arithmetic expressions in contexts
besides assignment; and recording of frequency of usage of
implementation procedures and functions.

It is also planned to modify the statistics collector to record
information about a large number of programs in a data base maintained
by the host system. Currently, information can only be obtained about
one program at a time, and is lost after output. By replacing the
process of outputting information about a single program with that of
using this information to update a continuously existing data base, a

8
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statistical summary of as many programs as desired can be maintained.

8.0 CONCLUSION

As has already been indicated, the JOVIAL J3 Statistics Collector has
been in the process of development for same time, and is now approaching
completion. The value of this tool to the Air Force and others cannot be
fully appraised until it is run against a significant number of
representative yet diverse JOVIAL J3 programs. However, the specific
results derived from the limited inputs applied to the package to date
give promise of its increased utility in the future. The task of its
construction has been a valuable learning experience for the
implementor, both in regard to the JOVIAL J3 language and to software
design and development procedures. As pointed out in Sections 4.5 and
6.0, the software error information collected throughout most of this
effort is expected to significantly increase understanding in tiis area.

In short, the JOVIAL J3 Statistics Collector has already enhanced a
number of aspects of software understanding within the Air Force, and
will do so in even greater measure in the future. It will prove to be a
highly useful tool in assisting the Air Force in various phases of
JOVIAL J3 and software development.
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Start date: July 1974

Periods during which work conducted:
July 1974 through January 1975
July 1975 through July 1976
December 1976 through January 1977

Total time expenditure: 7 man/months

'é‘otal cost of camputer (HIS 600/6000 GCOS) usage since 15 Oct 74:
7366.82

Number of independently wompiled modules: 8

Lines of source code as of 21 Dec 76: 4023

User coding and implementation errors, 1 Oct 74 - 21 Dec 76: 285
Pages of written documentation as of 21 Dec 76: 307

Approximate percentage of code employing top~down design: 90%
Approximate percentage of code employing structured programming: 95%
Percentage of code written in JOVIAL J3: 100%

Table 1: Facts about JOVIAL J3 Statistics Collector
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STATCO
PASS1

TOKHSH
PUTOUT
TABOUT

Function

Main compool

Compool containing statistical data
Driver program

First pass, symbol table creation
Scanner, token detector

Hash coding

Statistical output

Hash coding and symbol table output

Total number of lines

Average number of lines per module

Size in
Lines

226
213
810
931
754
287
577
225

4023
503

Table 3: Size and Function of Statistics Collector Modules
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I. Tokens identifying type of statement or clause

IF FOR RETURN
IFEITH &0TO TEST
ORIF STOP ASSIGN

II. Tokens identifying type of declaration

ITEM CLOSE

STRING PROGRAM or 'PROGRAM (independently compiled close)
TABLE ARRAY

FILE COMMON

PROC MODE

OVERLAY SWITCH

DEFINE MONITOR

III. Single letter tokens indicating declaration attributes
A (fixed item, or integer if precision not specified)
B (boolean item or binary file)

C (ASCII item)

D (dense table packing)

F (floating item)

H (hollerith item or file)

I (integer item)

L (like table)

M (medium table packing)

N (no table pack;i.ng)

P (item preset or paralell table structure)

R (rounding, rigid table size, or fixed length file)
S (signed or status item, or serial table structure)

T (transmission code item)

U (unsigned item)
V (variable table size, or variable length file)
14




IV. Statement or character string delimiters
$ (statement or declaration terminator)

BEGIN, END (compound statement, grouped declaration, or constant
list delimiters)

START, TERM (independent compilation delimeters)
DIRECT, JOVIAL (direct code delimiters)

() (parentheses)

($ $) (subscript or BIT or BYTE parameter delimiters)
s (comma)

... (range limit separator in item descriptions)

. (period, statement name terminator)

V. Arithmetic, relational, or logical operatars

A. Arithmetic and assignment operators
®

= (exchange) /
#* (exponentiation)
(® ®) (exponentiation brackets)

t + 0N

B. Relational cperators

EQ (equal) LQ (less than or equal)
NQ (not equal) GR (greater than)
LS (less than) GQ (greater than or equal)

C. Logical operators
AND

OR
NOT

VI. Variables and constants

Identifier Hollerith constant
FOR parameter Transmission code constant
Integer constant ASCII constant

15
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Fixed constant Status constant
Floating constant Accumulator specification
Octal constant

VII. Built-in functions

BIT ENT or ENTRY
BYTE 1LOC or 'LOC
CHAR NENT

MANT NWDSEN

ABS ODD

(/ /) (absolute value brackets) POS

ALL

VIII. Input/output primitives

OPEN INPUT
SHUT OUTPUT

Table 4: Tokens of the JOVIAL J3 Language
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Item
Listings of Source Code
"JOVIAL J3 Statistics Collector"

"Statistics Collector Components"

"Overall Design of the JOVIAL J3 Statistics Collector"

January 1975 Interim Report

March 1976 Interim Report

Early Sample Output Listing
Standard RADC Status Repor'f:

List of Highlights

Diary

Time and Cost Accounting Information

List of Errors

Total Number of Pages of Documentation

(1) Based on 50 lines of source code per page (code totals 4023 lines).

Pages
80(1)

108
12
80

311

Table 6: Available Written Documentation Regarding the JOVIAL J3

Statistics Collector as of 21 December 1976
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Month

October(3)
November
December

Houre
Spent

46
86
Y

1974 Totals(4) 176

January
February
March
April
May

June
July
August
September
October
November
December

1975 Totals

January
February
March
April
May
June
July
August
September
October
November
December

1976 Totals

Grand Totals

(1) Clock time.

1153

Terminal Usage
Sessions Time(1l) Cost

[ NeoloNolelt-

3
271
535

.812
9. 464
6.465

16.741

4,633
.000
.000
.000
.000
.000

3.689

9.172

12.880
8.728
3.579

17.298

59.979

11.400
10.497
5.876
9.657
9.402
29.610
1,725
.000
.000
.000
.000
10.968

89.135

165.855

$6.52
63.31
45.27

$115.10

$50.21
.00
.00
.00
000
.00
26.45
69.70
99.88
65.38
30.45
136.91

$u78.98

$85.57
82.28
49.05
73.92
68,34
239.14
12.36
.00
.00
.00
.00
101.65

$712.31

Batch Runs
# Time(2) Cost

8 .1113
26 .1585
17 .2792
51  .5480

8 .3740

0 .0000

0 .0000

0 .0000

0 .0000

g .0000
4 .1554
32 .5506
43 .6800
19 .5982
11 .4132
41 3.2360

174 6.0074
20 ,.9993
29 .u4693
21,3107
21 .3221
1T 2279
77 1.2700

8 .0578

0 .0000

0 .0000

0 .0000

0 .0000
33 .41u6

226

$60.68
167.70
212.27

$440,65

$293.49
.00
.00
.00
.00
.00
96.94
370,75
445,21
224,05
144,06
933.64

$2508.14

$290., 54
556.65
432.19
280.10
232.09
940.82

46.75
.00
.00
.00
‘00

332.50

Total
Cost

$67.20
231.01
257.54

$555.75

$343.70
.00

.00

.00

.00

.00
123.39
440,45
545.09
289,43
174.51
1070.55

$2987.12

$376.11
638.93
481.24
354,02
300,43
1179.96
59.11
.00

.00

.00

.00
434,15

4,0715 $3111.64 $3823.95

$1306.39 451 10.6279 $6060.43 $7366.82

(2) Central Processing Unit (CPU) time,
(3) From 15 October 1974 through end of month,
(4) From 15 October 1974 through end of year.

Table 7: Statistics Collector Time and Cost Expenditures,
15 October 1974 - 31 December 1976
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User Errors
Category Total # Critical Errors(l) Secondary Errors(2) % of all
of Errors # % # % User Errors
Forgetfulness 49 28 57.14 6 12.24 17.19
Logic 119 22 18,43 22 18.49 41.75
Data 80 35 43,75 16 20.00 28,07
Management
Subroutine 19 13 68,42 7 36.84 6.67
Linkage
Input/ 10 1 10.00 1 10.00 3.51
Output
Resource 8 8 10,00 0 0.00 2,81
Allocation
Totals 285 107 37.54 52 18.25 100.00
Compiler or System Errors(3)

Critical 13
Non-critical  _4
Total 17

(1)Errors causing most or all of the statistics collector to fail to
operate properly.

(2)Errors caused by attempted correction of another error.

(3)Collection of data begun at inception of project in July, 1974,

Table 8: Statistics Collector Errors from 1 October 1974 through 21
December 1976, Using Implementor's Own Classification
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Error Number of Errors % of % of
Cate~ e Non- Critical Total #
gory Description of Category Critical Critical Total FErrors of Errors
1 Computational 5 22 27 18,52 1.92
2 logic 29 78 107 2710 31.38
3  Input/Output 5 10 1S 33.33 4,40
4 Data Handling 26 34 60 43,33 17.60
5 Operating System/ 13 L 17 76.47 4,99
System Support Software
6 Configuration 0 0 0 0.00 0.00
7  Routine/ 8 7 15 58.33 4,40
Routine Interface
8 Routine/ 2 3 5 40,00 1.47

System Software Interface
9 Tape Processing Interface Not applicable because magnetic tapes
not directly used with software
10 User Interface 2 0 2 100.00 B.59

11 Data Base Interface 0 0 0 0.00 0.00

12 User Requested Changes Not applicable because not yet any other users

13 Preset Data Base 10 Z 1:2 83433 3.52
14 Global Variable/ 7 2 9 77.78 2,64
Campool Definition

15 Recwrrent 26 38 64 40.62 18.77
16 Documentation Not applicable because such errors not recorded
17 Requirements Compliance 8 0 8 100.00 2,35
18 Operator 0 0 0 0.00 0.00
19 Questions Not applicable because not yet any other users
20 Unidentified 0 0 0 0.00 0.00

Totals 141 200 341 41,35 100.00

Table 9: Statistics Collector Errors from 1 October 1974 through 31
December 1976, Using TRW Systems Group Classification
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I. General information about program

mmpow»

Number of lines

Number of tokens with and without define expansion
Number of characters, and average per line

Nunber of comments, and average length

Number of define directives, and average length

Number of define calls, and average per define directive

II. Number and percentage of various types of declarations

A.

ZI‘KQH':EO"!MUOUJ

Simple item

Array, including breakdown by number and size of dimensions
Table, including breakdown by table attributes
Overlay

File

Switch

Close

Program

Common

Monitor

Procedure and function

Breakdown of all item descriptions by type
Number of mode directives

III. Summary of external references

Breakdown of compool resolved names

External closes referenced

System defined procedures and functions

Mode defined simple items

Simple items resolved to default attributes
Percentage of identifiers declared implicitly

IV. Number and percentage of various types of statements

AC
B.
C.
D.
E'
F.
G.
H.
IO

Assignment, including breakdown by type of assignment
Exchange

&0TO

Return

Stop

Test

Procedure call

Input/output, including breakdown by exact nature

LE'

22




J.

K‘

IFETTH
FOR

L. Direct

V. Summary information about statements

A.
B.
C.
D.

Total number of simple and complex executable statements
Total number of executable and non-executable statements
Number of compound statements

Number of statement labels

VI. Information about arithmetic expressions

A.

Total nunber

Total number of tokens

Number of constants

Number of variables

Number of subscripted variables

Counts of occurrences of various operators

Counts of references to built-in and other functions

Table 10: Statistical Information about Source Program Currently
Available
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Lines of Code
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Graph I. Lines of Code Produced as a Function of Man-hours of Work
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