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User Experience and Compatibility in Documentation Standards
A Summary *

Betty F. Maskewitz

Engineering Physics Information Centers (EPIC)
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This paper reviews existing guidelines for documentation of scientific
computer programs or data libraries and outlines the essential e'ements for
facilitating excnange of the software. Selected case studies will be made
in which accepted standards were followed froin the programming stage through
documentation, and an analysis of user experience.
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1. INTRODUCTION

The problem of computer software inter-
change is one that has long plagued computer
users. Converting a computer program from
one computing environment to another is
frustrating, tedious, time consuming and
costly. The problem is compounded when
documentation is inadequate or unavailable.
Early informal efforts by individuals who
recognized the importance of software docu-
mentation to facilitate exchange resulted in
the formation of several standards groups
under varied sponsorship. One such group,
developed under the auspices of the American
Nuclear Society's (ANS) Mathematics and
Computation Division {II4CD), is today a sub-
committee (AHS-10) of the Society's Stan-
dards Committee. This standards effort,
aimed at scientific computing applications,
is the one with whicn I have been most
closely associated. Several standards to
facilitate interchange were developed by
ANS-10 over the last 20 years.

In the early 1960s we were very cau-
tious in our approach to standardization.
The name we adopted (STICC) has long lost
its identity, but we pronounced it "sticky."
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The above premise, part of the foreword
of '.he f i r s t proposed standard promoted by
STICL, appeared in the f i r s t d ra f t c i r cu -
lated for coirr.entj. [1 ] I t was e n t i t l e d ,
"A Code : •' Good Practices for the Documen-
ta t ion ot D ig i ta l Computer Programs."
Adopted as ANS-STD. 2-1967, i t was revised
and reissued as American National Standard
ANSI N413-1974 [ 2 ] and is now again in the
revis ion process. During th is san:<? period
progress was also made in para l le l comp'e-
mentary standardizat ion e f f o r t s .

*Research sponsored jointly by U.S. Nuclear Regulatory Commission
under Interagency Agreement ?£ 548-75, the Defense Nuclear Agency
(DMA), and the U.S. Department J Energy, Office of Energy Technology,
under contract W-7405-eng-26 with the Union Carbide Corporation.
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2. USER EXPERIENCE AND COMPATIBILITY

My long involvement in the standardiza-
tion process has had profound influence on
all my professional activities. The ORNL
Radiation Shielding Information Center (RSIC)
has always treated computing technology in
its subject coverage in the same manner as
any other valid technology, insisting that
it must be well documented, open to critical
examination and to modification, and avail-
able for general use. The first and most
important criteria, it must be documented.

RSIC had two favorable elements in pro-
moting standardization: a specialized user
community that needed RSIC's technology
resources and a monthly newsletter. We've
come a long way. The examples I've chosen
to support the premise that standards make
a difference are taken from the RSIC
experience.

Monte Carlo methods for forecasting the
behavior of radiation in diffusing through
matter has been used as a research tool
since the advent of large digital computers.
It is a complex tool, and its use is more an
art than an exact science. Human judgment
is an essential element. The early practi-
tioners of tne art believed it impossible to
document. Transmittal to other than the
developers followed only after a one-to-one
apprenticeship of days and/or weeks.

My ORNL division invested many man-
years in programming Monte Carlo techniques
in what was meant to be a reactor research
tool. Without documentation, the end result
remained unused by other than the developers.
Using preliminary drafts of a set of guide-
lines for documentation to facilitate ex-
change (vintage 1963-1965), the developers
were encouraged to document their modular
Monte Carlo code system, 05R. To test their
efforts, we featured 05R [3] in a seminar-
workshop at ORNL in 1965 and, by invitation,
at the OECD Nuc'ear Energy Agency's Computer
Program Library at Ispra, Italy, in 1966.
The international radiation transport com-
munity accepted 05R as the Monte Carlo code
to use for at least 10 years. The code
package was disseminated to more than 400
requesters, the heaviest action in RSIC in
the late 1960s. The computing technology
was obsoleted by later development in 1977.
The documentation of the Monte Carlo pro-
cesses is still requested.

A similar experience in high energy
physics can be cited with the National
Bureau of Standards (NBS) Center for Radia-
tion Research's Monte Carlo code system for

electron and photon transport. Documented
in 1968 using available guidelines, [4] a
seminar-workshop in 1969 with 53 attendees,
disseminated 158 times (1968-1982) all over
the world, ETRAN today is used in the nature
of a standard in its area of application.
It has, of course, been modified (code and
document) many times in early usage, less
so as time passed. It was last shipped in
February 1982.

Another example of standardized software
documentation is that represented by the
discrete ordinates codes of Los Alamos
National Laboratory. The documentation of
the two-dimensional, multigroup, transport
code systems, TRIPLET [5] and TRIDENT [6] so
explicitly follow early ANS-10 guidelines
as to be a prototype of the standard. The
abstract, the theory, the guide to user
application, and programming information
sections are each directed toward a specific
audience. Just as important, standardized
programming practices were also followed.

Documentation, although important, is
not the only factor in facilitating exchange
of computing technology. Programming prac-
tices, [7] program design with user consider-
ation [8] in mind, verification, and ease of
modification are important elements and each
can be improved through standard practices.
Standards can be used to promote effective
utilization and enhance reliability of
computer programs in any application area,
not just the scientific.

There exist several sets of guidelines
for the documentation of scientific computer
programs. Good documentation promotes under-
standing, reduces duplication of effort,
eases conversion to different computer
environments and aids modification for ex-
tended applications. Good documentation is
needed to facilitate effective usage, trans-
fer, conversion, and modification of com-
puter programs. Good documentation is
essential for implementation and effective
use of programs within installations other
than those in which they are developed.

I was recently involved in the valida-
tion of energy-economy models used in
predictive calculations for the DOE Energy
Information Administration's annual report
to congress. As usually happens, the first
serious problem area was related to inade-
quate or nonavailability of documentation
of the models. I was asked, at some stage
of the validation effort, to review the
several documentation standards efforts and
suggest guidelines for the modelers to
follow.



A brief comparative review was made of
FIPS PUB-38, "Federal Information Processing
Standards (FIPS)" publication of February
1976 entitled "Guidelines for Documentation
of Computer Programs and Automated Data
Systems" and ANS-1O.3/ANSI N413-1974 "Stan-
dard on Guidelines for the Documentation of
Computer Programs" and its 1982 revision;
and ANSI/ANS-1O.5-1979, "Guidelines for Con-
sidering User Needs in Computer Program
Development." The result of the study is
appended.

The RSIC experience in promoting soft-
ware standards points to several conclusions.
The first of which suggests that we can and
should cooperate in this important task.

3. CONCLUSIONS

Either or all of the aforementioned
guidelines, if followed reasonably closely,
would produce better documentation. The
fault, then, is not in the guidelines but
in the failure of code developers to con-
sider documentation as an important function.
Code development evolves in phases from the
time that an idea to create the software
occurs through the time that that software
produces the required output and, beyond
that, to the time that there is extensive
usage in a wide variety of applications
with resulting feedback to a software main-
tenance group. Four phases apply to the
software life cycle: initiation, develop-
ment, operation, and continuing maintenance
until it is no longer used. The documenta-
tion of the software should evolve through
the same phases. If the documentation
develops as the code develops, draft copies
should be available during the test stage
and continue through the operation and
maintenance phases, updated as needed. By
the time the code will have achieved
"public domain" status, the documentation
should be current. It follows that any
contract let for code development should
include as a vital part of the action plan
the necessity to document the code
development.

Documentation preparation, therefore,
should be treated as a continuing effort,
evolving from preliminary draft through
changes and reviews, through the documenta-
tion and software delivery, and to subse-
quent updates indicated by user feedback.

There are at least four essential
parts to the documentation of computer code
systems: 1) the program abstract, directed
to the potential user; 2) the application

information (user's manual), directed to
the individual concerned with the execution
of the program to obtain results for his
application; 3) the problem or function
definition, directed to those concerned
with the mathematical models and algorithms
employed in the program; and 4) the program-
ming information, directed to the programmer
concerned with the implementation, mainte-
nance, and modification of the program.

The above, which snould outline the
content of the documentation, car. be one
all-inclusive document for a simple code
system or up to four separate volumes for
a complex system.

A sampling was made of the experience
of an information analysis center (RSIC)
which treats scientific computing technology
in the same manner as any other valid scien-
tific information, i.e., open to critical
examination, widely used, freauently changed
to reflect the changing state of the art,
and documented following published standards.
The 20-year history of the center in which
the use of documentation and other standards
were vigorously promoted records tangible
evidence that the use of standards makes a
significant difference in utilization and
increased usage serves to advance the state
of the art.

Selected case studies were presented
in which it was obvious that standards were
followed in the original documentation of
the code development. It has been amply
demonstrated that compatibility with modern
software technology and methodology can be
maintained by frequent documentation and
program review, and resultant updates made
through the "open code/data package" concept
described below.

Validation of any computing technology
in a rapidly changing technological environ-
ment, is a continuous process and necessar-
ily requires the dynamic interaction of
several elements. RSIC leaders have pio-
neered in related work and have been cited
by their peers as having materially ad-
vanced the state of the art in the field by
developing and following procedures and
techniques designed to promote a standard-
ized product with consequent quality
assurance. The "open code/data package"
has been the concept through which RSIC has
promoted standards. "Open" codes (models/
computer programs) and data libraries are
those which become well-documented, closely
scrutinized by the industry at large,
widely used and frequently modified, i.e.,
open to the same critical examination given



to any valid scientific information. The
concept is realized when the developer, the
center, and the user collaborate to assess
and improve the state of the art. Positive
feedback and this close inter-relationship
results in changes that are reflected in
the "open code/data package" as updated
(improved) versions. Dissemination of the
packages with a training and consultant
service promotes wider usage with consequent
feedback to the Center. As long as there is
an interest in the problem area, the code
package continues to grow in use and effec-
tiveness. The concept serves to promote
standardized methods with consequent quality
assurance.

The process begins and ends with
documentation standards.

7. American Nuclear Society Standard,
ANS-Std. 3-1971, "Recommended Program-
ming Practices to Facilitate the Inter-
change of Digital Computer Programs,"
April 1971, published by the American
Nuclear Society.

8. American National Standard, "Guidelines
for Considering User Needs in Computer
Program Development," ANSI/ANS 10.5-1979.
American Nuclear Society, Hinsdale, IL.
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APPENDIX

GUIDELINES FOX DOCUMENTATION
TO FACILITATE INTERCHANGE OF DIGITAL COMPUTER PROGRAMS

Betty F. Maskewitz
Oak Ridge National Laboratory (ORNL)

There exist several sets of guide-
:i .e# for :he documentation of computer
programs. Good documentation promotes
understanding, reduces duplication of
effort, ea ,es conversion to different
computer environments and aids modifi-
cation for extended applications. Good
documentation is needed to facilitate
effective usage, transfer, conversion,
and modification of computer programs.
Good documentation is essential for
implementation and effective use of
programs within installations other
than those in which they are developed.

The following definitions are ap-
plicable specifically to this memoran-
dum: (1) Algorithm. A well-defined
Procedure or process for the solution
'••f a problem to a specified degree of
ccuracy in a finite number of steps.
'2) Benchmark Problem. Both a well-
defined problem and corresponding solu-
tion, endorsed by a professional society
•T other recognized technical entity that
•:an serve as a validated reference. (3)
External Data Files. The data files
which exist prior to execution or after
completion of a computer run. (4) Com-
puter Installation Environment. The
.omputer hardware devices and software
.upport that are utilized by a computer
orogram and affect its design and opera-
.ion. (5) Code Package. All computer-
rpadable and printed material necessary
For transmitting and implementing a cro-
•̂ ram (or model) in a different computer
installation environment than th?.c in
..'hich it was designed.

A. DOCUMENTATION GUIDELINES

There are at least four essential
parts to the documentation of computer
code systems: J) the program abstract,
directed to the potential user; 2) the
application information (user's man-
ual), directed to the individual con-
cerned with the execution of the program
to obtain results for his application;
3) the problem or function definition,
directed to those concerned with the

mathematical models and algorithms em-
ployed in the program; and 4) the pro-
gramming information, directed to the
programmer concerned with the implemen-
tation, maintenance, a.̂ d modification of
the program.

The above, which should outline the
content of the documentation, can be one
all-inclusive document for a simple code
system or up to four separate volumes for
a complex system.

1. Computer Program (Model) Abstract

The abstract provides a summary of
the capabilities of a computer program
(model), or code package, and the require-
ments for implementation. The abstract
should be concise, but convey sufficient
information to permit the reader to assess
the applicability of the program to his
needs and the effort required to make it
operational. It should include a brief
statement of: (a) program identification:
name, descriptive title, and information
necessary to uniquely define the current
version; (b) description of problem or
function; (c) method of solution: math-
ematical techniques, procedures, and nu-
merical algorithms; (d) auxiliary routines
or external data files required for utili-
zation; (e) limitations imposed by the
mathematical model or computer facilities;
(f) identification of computer(s) on which
the program has been successfully execu-
ted; (g) information to enable a user to
estimate computer execution time for a
typical application; (h) programming lan-
guages; (i) operation systems: software
system and versions utilized; (j) a list
of the computer hardware required for
utilization; (k) the names and addresses
of the individual(s) or group currently
responsible for the code model package;
(1) references; (m) material available:
the contents of the code package and the
procedure for obtaining this material.

To b* reriucait 20% to that Final Copy vnill b* 80% oi original.
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2. Application Information (user's
Manual)

The User's Manual should be suffi-
ciently detailed to permit effective use
of the program (model) and yet concise
enough to serve as a referral document
for preparation of input data and in-
terpretation of results. It should in-
clude general description including a
synops"1: that conveys the nature of the
problem solved, defines the processing
tasks performed, and describes the
methods and procedures employed. It
would be useful to schematically display
the flow of the calculations.

2.1. Program Considerations. De-
tailed information snould be jivon en the
following: (a) function of each major
program option; (b) alternate paths which
may be dynamically selected by the program
from tests on calculated results; (c) re-
strictions on the range of values of var-
iables; (d) the dimensions of data arrays;
(e) dependence of data storage require-
ments on problem input parameters; (f) the
values assigned to constants built into
the program; (g) restart and recovery pro-
cedures; (h) programmed diagnostics and
their causes; (i) any man-machine inter-
actions; (j) information to estimate exe-
cution time; (k) any special forms of
output; e.g., microfilm, cathode ray tube
display.

2.2. External Data Files. External
data files should be described as follows:
(a) outline the general contents and or-
ganization of each external data file;
(b) relate the usage of data files to
the execution of the program; (c) refer-
ence available auxiliary programs which
create, modify, or edit these files;
(d) reference sources of fixed or perma-
ent data.

2.3. Input Data. General and spe-
cific considerations should be given to
input data. Generally, one should de-
scribe: (a) special input techniques
and requirements; e.g., blank field
treatment, order of items, field de-
lineation; (b) the handling of consec-
utive cases (giving conditions of data
retention or reinitialization for the
next case); (c) the general conventions
governing default values.

Specifically, for each input vari-
able one should give variable name,

description or definition, format, dimen-
sional units of variable, and the default
value if appropriate.

The operating system control commands
(cards or statements) required to execute
the program should be given with an indi-
cation of interdependence with input op-
tions and data files.

2.4. Output. The program output
should be described with relationships
shown; e.g., edited output to input op-
tions and output to appropriate equations.
Any normalizations of results should be
described and associated dimensional units
listed.

The physical problem and associated
data files should be descriDed and the
input data and results presented.

2.5. Sample Problems. The following
should be considered in selecting sample
problems: (a) choose a benchmark problem
or a well-defined example; (b) exercise a
large portion of the available programmed
options; (c) use onl" a reasonable amount
of computer time.

The following should be considered
in presenting the edited output: (a) pro-
vide representative output for the options
exercised (detailed output can be trans-
mitted on tape); (b) present results of
key items in concise form; (c) indicate
precision of results.

Report computer execution time for the
sample problems giving central processor
time, peripheral processor time and elapsed
(clock) time, and channel use applicable
and available.

3. Problpm of Function Definition

The problem or function definition
information should convey a thorough under-
standing of the theoretical and mathemati-
cal foundations, referencing the open lit-
erature wnere appropriate. It should de-
fine the ;:r3blems solved, describe the
mathematical model employed, and docunent
the computational algorithms and numerical
techniques implemented in the program
(model). It should specifically include a
comprehensive description of the problem
solved or of the data processing functions
performed. The description of the physical
theory in terms of a mathematical model
should be reasorably self-contained.



A-3

Sources for the model and the mathemati-
cal formulations should be referenced.
Sufficient detail is needed to permit a
user to judge the suitability of the
mode) for application to a particular
situation. Assumptions should be noted
and information given aboot limitatfons.

3.1. Algorithms and numerical
Techniques. The -romputationa i algorithms
used to ODtain numerical solutions of
mathematical equations should be de-
scribed and references to algorithms
and numerical techniques provided. The
precision of results obtained by impor-
tant algorithms and any known dependence
on the particular computer facility
should be described. Unusual features
of techniques used should be described.
For iterative solutions, the use and
interpretation of convergence tests and
recomnended values of convergence cri-
teria should be included. For proba-
bilistic solutions, the precision of
results having a statistical variance
should be discussed.

3.2. Data Sources. Background
information about source, contents, and
use of data libraries should be provided.

4. Programing Information

The programming information is
directed to the individual responsible
for implementing the program on his
computer, modifying or extending it to
meet local needs, or converting it to a
different computer environment.

Reference may be made to appropri-
ate items described in other sections
of the program document. Give further
information as necessary, to explain
the programming details. The citing
of comDuter-prod'jeed documentation that
is generally available may complement
traditional documentation. Examples
of such computer-produced documentation
are: a listing of the source program
that contains carefully composed com-
ment cards, a cross-reference dictionary
of subroutine names and entry points,
and flowcharts of the program logic.

4.1. Source Program. The source
program description should include:
(a) identification of the source lan-
guages) of the coding; (b) a flowchart
showing the overall progrim structure
and logic, and detailed flowcharts
where appropriate; and (c) an indication

of known areas of dependency upon the local
computer installation support facilities.

Detailed information should be given
as follows: (a) define the role and func-
tion of the main program and each subpro-
gram (identify argument lists and their
use); (b) for a particular subprogram,
indicate those routines which call it and,
in turn, those subprograms it may call;
(c) relate the problem variables and
constants to the program mneomics; (d) de-
scribe shared storage assignments; e.g.,
COMMON in FORTRAN; and (e) describe in
detail the functions performed by machine-
dependent Subprograms that are unique to
this program.

4.2. Data Files. The computer-ori-
ented details of temporary and external
data files should be provided: (a) speci-
fy the names, usage (input, output, or
scratch), structure, mode and data elements
of each data file; and (b) discuss program
procedures related to the use and mainte-
nance of data libraries and files, giving
data file retention and allocation require-
ments.

4.3. Hardware and Softwarp. Logical
devices ussd~snould be enumerated and the
use of each device and any associated data
blocking schemes described. The contents
and format of the information resident on
each d'.-vice should be identifiau.

The computer installation environment
in which the model is normally executed
should be described as follows: (a) list
the machine configurations on which the
model has been tested successfully; (b)
enumerate the main memory storage require-
ments, the amount and type of auxiliary
storage (drum, disk, data cell, tapes) and
the peripheral equipment (punch, printer,
plotter); (c) identify any special hardware
utilized; e.g., clock, on-line communication
channel.

In addition, the software requirements
should be given: (a) identify the operat-
ing systen, language processors, and asso-
ciated subroutine libraries invoked by the
model, citing the manufacturer's appropri-
ate versions .md releases; (b) describe
known deviations from the manufacturer's
supported software that are required by the
model; e.g., local mathematical and utility
routines, and other installation-dependent
software.
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4.4. Programming Considerations.
Certain programming considerations are
important for successful implementation:
(a) explain the system-control commands
required to execute the program; (b)
document the overlay or segmentation
scheme if one is used; (c) describe
the storage allocation and data-manage-
ment procedures; indicate the problem-
depenuent nature of the memory require-
ments; discuss program alternatives
which jffect data storage and use of
data buffering; e.g., variable dimen-
sioning; (d) discuss the restart, re-
covery, and successive case capability.

B. CODE PACKAGE TRANSMITTAL FORMAT

The code package is the aggregate
of card decks and printed material as-
sociated with a computer program (model),
including an abstract of the complete
code package for publicizing availa-
bility. The package should include:

1. Computer-readable material
written on magnetic tape as separate
files: (a) source (main) program in
the form of card image records; (b)
any auxiliary code used to generate
input for the main program or analyze
results; (c) any external data librar-
ies; (d) input data for sample prob-
lem(s); (e) system control cards for
execution of the program; (f) output
from running the sample problems in
line-printer format.

2. Printed Materials: (a) master
tapa list describing each file in (a)
and how each is written on tape; (b)
documentation of the compl' f.e code
package; (c) abstract of the code
package (in standard format) for pub-
lication.

C. VERIFICATION/VALIDATION RECORDS

Initial verification of the code
system is normally done by the code
developers and the results documented
in the original report (see item A).
Validation is normally a spparate
effort, independently done and re-
ported. As validation results be-
come available, they should also be
included in the code package, as de-
fined in item B. These records should
include: documentation - published
results of findings, audit trail on
data used, and record of experience
gained from running benchmark or other
calculations.


