February 10, 1978

Pubiicly Released ’ ]}

Part I-Final Report, Tasks 1 and 2
FEASIBILITY STUDY OF AN INTEGRATED

PROGRAM FOR AEROSPACE VEHICLE DESIGN (IPAD)

Volume ITI: Support of the Design Process

D6-60181-3
September 21, 1973

————s7UDpY OF AN T §78-16013

T R-132393) FEA! Ty STUD

T¢R-132393) FEASIBILI F B :
S B 2 AEROSPACE VEHI 1 f'l? f‘

PROGRAM FOR ]
INggghT&gm) 7 JOLUME 3: SUPPORT OF TH \K, SN
%gSIGN PROCESS Final Repgrtté?2?1n236 o 53,02 s
i i COa., S€a

commercial Alrplang L

Prepared under Contract No. NAS1-11441 by
Boeing Commercial Airplane Company
P.O. Box 3707
Seattle, Washungton 98124

for

Langley Research Center
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION



1

Report No 2 Government Accession No

3 Recrpient’s Catalog No

P

Title and Subtitle

FEASIBILITY STUDY OF AN INTEGRATED PROGRAM FOR AERCSPACE
VEHICLE DESIGN (IPAD)

VOLUME ITY SUPPORT OF THE DESIGN PROCESS

5 Report Date
September 21, 1973

6 Performing Organization Code

Author(s}
W. B. Gillette R. E. Bateman
S. D. Hansen J. W. Southall

B Performing Organization Report No

D6-60181-3

Performing Organization Name and Address

Boelng Commercial Airplane Company
P. 0. Box 3707
Seattle, Washington 98124

10 Work Unit No

11 Contract or Grant No

NAS1-11441

Sponsoring Agency Name and Address
National Aerconautics and Space Administration
Washington, D. C. 20546

13 Type of Report and Period Covered

Contractor Report

14 Sponsoring Agency Code

Supplementary Notes

Project Manager, Dr. R. E. Fulton, Structures and Dynamics Division,

NASA Langley Research Center, Hampton, Virginia 233635

16

Abstract

Volume ITII of the Boeing report on the IPAD feasibility study identifies the
user requirements for computer support of the TPAD design process. The User-
System interface, language, equipment, and computational requirements are

considered.

17

Key Words {Suggested by Author{s) } 18 Distribution Statement

Computer System
Management Information
Peripheral Equipment
Personal Terminal

User Language

14

Security Glassil {of this roport} 20 Securlty Ctassif (of this paga)

Unclassified Unclassified

21, No of Pages 22 Price*

136 JRs,

. ——
et ————— . . . . [N Y [

"]




FEASIBILITY STUDY OF AN INTEGRATED

PROGRAM FOR AEROSPACE VEHICLE DESIGN (IPAD}

Volume 1A
Summary of IPAD Feasility Study
o D6-60181-1A

Volume 1B
Concise Review of IPAD Feasibility Study
D6-60181-1B

A

Part {—Final Report, Tasks 1 and 2

Volume kt

The Design Process

Dé-60181-2
] % e

Volume |}§

Support of the Design Process
D&-60181-3

Volume 1V

IPAD System Design

D6-60181-4
I _mﬂ L]

Volume V

Catalog of IPAD Technical Program Elements

D6-60181-5

Part 11—

By -

Final Report, Tasks 3 through 8

Volume Vi

IPAD System Development and Operation
Dé6-60181-6

Volume VIi
IPAD Benefits and Impact
D6-60181-7




SUMNARY

Volume IITI of the Boeing report on the IPAD feasibility
study establishes the user?s regquirements for conmputer support
of the design process. These reguirements were determined
during the study of the design process which is presented in
Volume If. The user-System interface is described and includes
maintaining the data and code bases, preparing to do a job,
executing the job and examiming the results. A user language is
developed as a further means of describing this interface. The
user—terminal environmeat 1is discussed and suggestions are
presented for peripheral equipment and the manner in which the
equipment should be arranged. The need for a Management
Information System is presented. The required computaticnal
capabilities of the host hardware are developed from the design
netvorks of Volume II and the Catalog of Technical Program
Elements of Volume V. The ansvers for two Task 2 questions are
included in this Volure.

It is concluded that a computing system which satisfies the
user requirements presented in this Volume will provide improved
control of complex design prodlems and improved technical
compunications. The initial implementation of the system shonld
provide the data base management capability, the ability to
execute ‘jobs, continuity of day~to~day activities and
information display capability. The long term developrent of
this system should support project planning capability and
rigration to later generation host computers.
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1.0 INTRODUCRION

This Yolume reports the findings of Task 1 of the IPAD
feasibility study relative to the user identified requirenments
for support of +the IPAD design process, These support
requirements and concepts have been placed 1in a sSeparate
document from the description of the design process to provide
a convenient grouping of information.

1.1 OBJECTIVES

The following objectives were established to determine the
user requirements for support of the IPAD desigp process: (1) to
identify a user-System interface environment including a
preferred language and rules for its use; (2} to identify a
user—terminal interface environments; {3) to identify
requirements for the peripheral equipment capability; (4) to
identify an information base upon which the computational
requirements for a host computer system would be determined; and
(5) to jidentify a desired strategy for short term and long term
IPAD implementation of the required computing system features.

1.2 BACKGROUOND

The principal activity of +the technical representatives
assigned to this feasibility study was to characterize in detail
the design processes for subsonic and supersonic commercial
transports. These are reported in Volupme II. 1Two itemns were
measured fron the design processes. They are the computational
requirements of the host hardware presented ir Section 6 of this
volume and the status of the technical computer programs denoted
Technical Program Elements (TPEs) presented in Volume 5. Other
requirements which could not be measured include: user-Systen
interface, Section 3: user—-terminal enrvironment, Section 43 and
peripheral equipment capabilities, Section 5. These items are
difficult to establish and were based on observationm, experience
and opinion. Section 2 contains the answers for two Task 2
questions which involve support of the design process.

For users of IPAD to function as an interdisciplinary tean,
it will be pecessary to have consistent definitaon of terms and
compatibility of inpnt and output data at the boundaries of
technical modules. To 1initiate +the development of anrn IPAD
community discipline, a user oriented command (or function)
language has been developed. This language is presented 1in
Section 3 and 1includes some initial throughts on rules vwhich'
¥ill be required for its effective use.



Finally, Appendix A contains examples of +the IPAD User-
System Interaction. These exanples vwere developed to insure
compatibility of the IPAD System design with the user needs for
maintaining the IPAD data base and for doing work with IPAD.



2.0 ANSWERS TO TASK QUESTIONS

2.1 GENERATL

The answers to Task 2 questions which relate to the wuser
requirements are presented in the following section. The
remaining Task 2 questioas which relate to the support of the
design process are ansv¥ered in Volume IT and those which relate
to the System design are answered in Yolume IV.

2.2 TASK 2 QUESTIONS {10 and 11)

Task_ 2, Question 1l0--What degree of flexlibility should be
given to the system operator in arranging available OHl's into
different sequences according to the needs?

Answer--The user should have complete flexibility in
arranging the available O0OM's. The IPAD System should support
the user by keepirg records of key words, dinput-output, and
internal engineering descriptions to facilitate the selection of
the proper OM?s. This flexibility will reduce the total number
of Technical Program Elements from which OM's will be
constructed to do the tasks., Reducing the number should enhance
the credibility and integrity of the result because a small
number of Elements can be more thoroughly certified than can a
large number.

Discussion-~The IPAD System will provide sufficient support
to allow the auser to identify OH's already in the System that
will do the proper portions of his job, and to allow the user to
construct these OM®s into the specific sequence of execution
that he desires. 1If suitable OM's are not available, then the
Systen will provide the user with the same degree of support in

recognizing and constructing Technical Progran Elements.

The System support will be based on information supplied at
the time an Element is entered into the dictiomary or at the
time an OM is defined. In both cases, a key word list as well
as a conclse statement of the engineering activities will be
provided, and the input-output list will be specified. The key
word list will subseguently be used for a library search, and
the engineering statement will relate the significant featuTes
of the intermnal calculations and results.

It is intended that users , assisted by the System, will
examine the list of available OM's and Elements before entering
their own code. The System should allow the user to select p
path through a network of OM's and to simulate the solution.



This simulation should show the user which Elements will be
executed as well as those data sets which will appear as input,
output and those data sets which are internally connected.
These System aids of searching key word 1lists and simulating
network solutions will tend to reduce the amount of code in the
community library. 2 smaller number of Elements and OMN's 1is
more likely to be thoroughly checked, and will enhance the
credibility and integrity of the result.

Lastly, giving the user the ability to rapidly identify and
modify OM sequences will tend to reduce problem set up effort
and duplication of capability. If the system is very flexible,
then OM's will be defined in smaller units with the very thought
in mind to subsequent rearrangement.

Task_ 2, Question ll--What I/0 devices will best serve IPAD?

Answer-—~The most important class of devices will be those
required to support the user at his personal terminal. Large
volume and special purpose offline devices will complement these
personal terminals.

Discussjon-—-The primary user device will be the personal
terminal. The largest number will be teletype, either with
paper printout or with a text scope. There will be a lesser
number of teletypes with a scope capable of vector plotting.
These will be interactive thkru the keyboard. Finally, there

will be a few display-interactive graphics scopes.

The user will be supported at his personal terminal by card
readers, tape readers, digitizers and hardcopy printers and
plotters.

Much of the input-output volume will be handled offiine.
In addition to the equipment typically provided as a part of the
host installation, there will be a need for autonmated
digitizers, document quality printers, high volume plotters and
drafting quality plotters. This equipment 15 expensive, and the
particular choices of equipment will depend or the tasks to be
done.

In addition, the users of IPAD will need special devices to
fully exercise the capabilities of the 1IPAD Systen. For
example, a hybrid simulator will be required in Levels V and VI
to couple the data contained in IPAD with the analog simulator
tor pilot evaluation of the airplanes response +to control
commands. Also the data base in IPAD would contain 1location
information of documentation stored on microfilm, and a remotely
accessed microfilm storage device would present reference
material to the IPAD user.



3.0 USER-SYSTEM INTERFACE

3.1 OBJECTIVE

The major objective of the user-system interface is to
develop an environment vwhich will support the user in the
maintenance of both data and code and in the preparation,
execution and examination of jobs. The following information
was provided as user identified regquirements for the IPAD Systen
design. In addition, a user-system interaction was postulategd
by representatives from the user group and the systenm design
group. This process formed the primary method by which the user
requirements were accounted for during the development of the
IPAD system design presented in Volume IV. The user-systenm
interaction that was developed as a result of this coordination
work is presented im appendix A of this document.

3.1.1 Maintaining the Data Base

IPAD must support the development of a large data base that
must provide short and long term storage of data. These data
must be readily accessible to the user. Capability +to extend
the data base wmust be provided and the size of the data base
should not degrade the IPAD system performance. Each IPAD
installation will likely have its own data base. There will be
corporate data of a historical nature that will be Trelegated to
long term or archival storage. There will be data sets to be
used to construct default iaputs for general classes of
problems. There will also be recently calculated or new
information included as data sets in the data base.

It will bhe desirable for some governmental facility that
has an IPAD System to naintain a data bank composed of standard
data items, such as standard atmospheres, tables of ephenerides,
physical constants, and so on. Other IPAD installations would
then access the required standards as needed for current jobs.
The central set of standards will help to promote uniformity
throughout the +total wuser community. It will also mean that
each installation would not have to provide storage capacity for
all the standard data items in use.

Each set of data must contain dinformation that will
preserve its integriiy. The data set nmust be gualified in ternms
that relate the owner and the source of the data. The source
may be either a reference for experimental and statistical data
or a computing program that generated the data. In either case,
the qualifier for +the data set must contain sufficient



information to support the resolution of any questions that nmay
arise in regard to the contents of the data set.

Several types of security are required for the contents of
the data base. The first type will be controlled by access
codes. These access codes will establish read and write
anthorization. The next type of security will be imposed@ by
corporate rules and will involve data considered proprietary to
the company. Finally, government security classifications will
be imposed on certain data.

A process must be provided to control purging data sets
from the data base. Unconditionally purge of data sets cannot
be allowed if other users have uncompleted activities that
depend on that data set. This requirement will protect the
integrity of the dependent user's input data. Therefore, the
IPAD System should perform a search of tasks in work to f£ind any
that depend upon the data set to be purged. This dependence
could be contained in the data set qualifiers. If sech a
dependence is found, the IPAD System should not accept the purge
reguest.

There is clearly a requirement to provide manaders or their
designated lead personnel the capability to pnrge obsolete data
sets. This capability conld be controlled by permission codes,
wvhereby a restricted set of nsers would be allowed +to 1issue
purge conmands that the IPAD System would unconditionally obey.
The permission codes .will be discussed further in section
3.1.6.3.

3.1.2 Maintaining the Code Base

Bach IPAD installation will contain a substantial

collection of <c¢oded programs or program elements. These
elements will be combined and executed as -jobs.

Each element or set of technical code wmust contain
informataon in the form of gualifiers that will preserve the
integrity -of +that code. The IPAD System must not allow
unrecorded modificatioas of code to be made. The System nust
provide an automatic revision of the qualifier so that users of
the code will be aware that they are dealing with nmodified code.
Also, the System should identify the person responsible for the
revision of the code.

In addition to the qualifier, the System should provide the
capability for brief documentation and a set of key words to be
related to the code. This will facilitate searches for the
proper code by prospective users.



Security provisions similar to that'regquired for data sets
will have to be provided for code {see section 3.1l.6.3). Access
codes will establish the users who have the authority to modify
or duplicate a given set of code.

A capability to purge obsolete code is also reqguired and
should have the same safeguards provided for data sets.

3.1.3 Preparing to Do_a_iJgb

3.1.3.1 Selecting the Job

One of the first activities in the organized process of
developing a product will be to establish comprehensive networks
of ° the work to be done. There vwill be a plan to identify all
tasks of the project and this plan will be expanded +to 1include
plans for all of the subtasks within each task. The next
division of subtasks into jobs acccomplished by individual IPAD
users. The plan of jobs within a subtask are the responsibility
of the individual user. The plans so developed for the project,
tasks and subtasks will be gtored as a part of a NManaqgement
Information Systen.

The preparation for a job will begin with collection of the
proper code. The IPAD System should assist the user to locate
a suitable job already in the code base. If a suitable existing
job cannot” be found, the user nust construct the form of his
job. In doing so, he will construct logical networks of code,
and will insert instructioms into the netvorks that will support
his 4interactively monitoring and controlling the job during
execution.

3.1.3.2 Preparing the Code

In most cases, the user will execute an existing collection
of code. In these instances, the user will have only to collect
the data needed as input., But there will alsc be cases where
the user will bhave to modify or introduce new code to perforn
his work.

#hen the user does not know of an existing set of code to
do his job, he should first search through the code available to
him in the library. The search will begin on a key word basis.
For the items indicated by the key word search, the user will
then read the abstracts contained as a part of the information
about that item. Further investigation into code that appears
correct from the ahstract will be done on a manual communication



basis or by extracting complete documentation from microfilm
storage.

The search for the correct code should be first made among
the available Jjobs. If a job is found that will perform the
user's intended activity, then the user vwould merely have to
collect the input data. If no satisfactory job was found, then
the search would be among the operational modules (OM) from
which jobs are built. A set of OMs may be located that could be
collected into a job. 1If the proper OMs are not available, then
the searching must be done among the basic units of code, the
coding modules. If the proper coding modules are not found, the
user will have to supply new code in order to perform the Jjob.

In a typical <case, the user will find an existing job or
will modify existing coding modules and OMs. However, in sone
cases the user will introduce new code. The process of
modifying and buildiag new forms of code for the Jjob is best
done on a personal terminal, with the user being able to edit
the code until it is proper for his job. However, all of the
System features of assembling code should be available in the
batch job process. Then the coding nodules will be developed as
& network into large blocks or OMs, which, 4in +turn, will be
developed as a network into a job. )

The wuser should be able to specify networks with logical
branches. The decision peints at these branches may depend on
a calculated result. Or, at execution time, the user may supply
certain parameters as a part of the execution instructions.
Whereas calculated variables may be used to make decisions in
the network during execution, there cannot be instructions that
will do arithmetic replacements or any other alterations to the
calculated values. This limitation is necessary to preserve the
integrity of the results, by having them generated only by code
that itself has integrity. It will be necessary to have all
calculation and generation of values for variables to be done
within the coding modules, which will be qualified.

The user will need the capability to insert instructions
into the networks-that will support his interactively monitoring
and cortrolling the execution process. One class of instraction
will ~ be to monitor and display only. A higher level will be to
monitor, display and wait for instructions. The wuser should
have +the ability +to interrupt the execution and be able tc
preserve the results to that point. These conmands wmay be
inserted into the coding modules or into the actual networks.

As a final step in buildirg a new network, or as a process
of evaluating an existing one, the user should have a means of
tracing through selected paths of the network. This will



indicate to the user whether those parts of the networks are
logically complete, if the intended CHMs and OHs will be
executed, and will determine the data sets required by that
particular path.

3.1.3.3 Preparing the Data

There are two distinct parts to the process of preparing
the data. The first part 4is +to establish +those sets of
variables, termed unqualified data sets, that are required by
the job. The second part 1s to provide values for the set of
variables. In +this «condition, the data set is said to be
gualified.

When the user selects an existing job, the IPAD System will
provide a 1ist of the ungualified data sets that must be
provided for that job. The process is more difficult when a nev
or mpodified Jjob 1is to be used. In this case, the IPAD Systen
should assist the wuser imn recogmizing first +the 3individual
variables required. Then, the System wiil support searches in
the 1library for ungqualified data sets that contain these
variables. FPinally, the wuser will define new data sets as
required.

Once the ungualified data sets have been determined, the
user must gualify the data sets, or, in other words, tell the
System which version of the data set contains the values desired
during execution. Tn the cases vhere a given job is a part of
a larger npetwork, most of the inputs w%ill actually be data sets
produced by preceeding jobs. The user nust determine the
gqualifier for +the proper set in this instance. The user will
then supply the remaining input data which was not produoced by
preceeding jobs.

Once the data is all collected into gnalified data sets,
the values should be examined for errors prier to actual
execution. Gross errors may be found by the IPAD System, based
on information in the library dictionary (see 3.1.6.1). An
example would be that Mach number would be limited to 0 = I =
100. Any value outside this lipit could easily be detected by
the System. Other examinations would be done by visual
inspections of plots from on—-line graphics and off-line
plotters. Also, the System shonld be able to compare two data
sets and inform the users of differences between the two. The
user wounld be able to confirm that his intended change had been
achieved, from this information.



3.1.4 Executing a_dJdob

The schedule for a particular subtask will be identified by
the project plan which will be recorded by the HManagement
Information Systen. The user will execute the jobs that are
required for the subtask. The userts effort will be divided
between procedure development {preparing the code for the job}
and data preparation {selecting the data to be used as input}.
These aspects were considered in section 3.1.3.

The execution of a job in IPAD should be a relatively
simple matter. The execution process should be able *o run
unaided, or the auser mnmnust be able to monitor, interrupt or
interact during the executiom of the network sequences. The
capability must be provided to execute a job both by batch
processing or by active nonitoring at a personal +terminal
without sacrificing any of the data management characteristics
of the IPAD Systen.

3.1.5 Examining the Results

The IPAD System should have a general display capability
for examining results. This nust support the display
requirements of the typical user and the display requirements
for a Hanagement Information System. This capability should be
based on a method of accepting specific display formats and the
user need only specify the format and qualified data sets to be
plotted. The displays should be graphical and textual, and will
be done using on-line graphical devices, hardcopy printers and
plotters, automatic type-setters, and so on. These display
formats should be preserved as a part of the code base, and will
become the basis for a standard documentation processes.

The Management Information System will use display <foreats
to present -data to management. Planning and control of
resources as well as management of the product activities will
be guided by dinformation presented from the data base by the
display formats. In addition to the usual ontput devices,

control yooms may require projection of panagement information
onto screens.

The user ¥ill employ selected display formats to iritially
determine if his results are essentially correct. Later, the
display formats will be used for detail examination and
interpretation of the results., Finally, the user will document
his results for communication outside the IPAD environment. The
documentation will use selected display formats to prodnce text
as well as high quality line drawiegs and graphical
presentations.
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3.1.6 QOther Considerations

3.1.6.1 User Community Discipline

Perhaps the most important result of the IPAD environment
will be to bring a consistent discipline to the user community.
This discipline means consistency both 4in the definition of
variables and 1in the processes that produce values for the
variables. Discipline will be achieved partly through the
tanagement structure of the user's organization, and partly
through features of the IPAD Systen.

There should be a 1library maintained by the Systen,
available to all the users. Within this library will be a
dictionary of standard definitions, user definitions, variables
and their gross ranges, and other terms as required to introduce
consistency to the user community.

3.1.6.2 Continuity Over Task and Time

The IPAD System must provide for continuity in the day to
day activities as well as the on-going long term activities of
the usirng community. Daring day to day activities, the user
must be able to interrupt a subtask at any reasonable point,
intluding a Jjob in execution, place the subtask in a hold
status, and return at an indeterminate later time to resume the
subtask without penalty. This will provide the user convenience
for completing subtasks. '

In addition, the IPAD System nmust provide for continuity
over an entire project network which may spasn several years.
This may best be supplied in conjunction with the Managenment
Information System, because continuity of results and timeliness
of effort must be the product of the coordinated effort of all
the users working to design the sane product. Users, working on
a subtask, may be located both physically and organizationally
remote from some of their data sources. The IPAD System nmust
provide conmunication regarding availability of data and must
preserve that data.

3.1.6.3 Security and Control of the Data Base

There are ‘three categories of control that must be
considered for the IPAD System. The first will establish the
extent to which the user will be allowed to use the features of
the IPAD System. This control will be provided by pernission
codes. The second will establish the extent to which +the user
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¥ill be allowed to access the data base. This control will be
provided by access codes. The third are the security codes
which are identified by corporate or government regquirements.
For this type of security, use of the IPAD Systenm and host
computer must comply with the established regulations.

3.1.6.4 HManagement Information Systen

The titles of Management Information System and Management
Information Display have been used to identify itess of
management information discussed in this document. The
capability to provide control of the progress of the work
accomplished relative to plams, schedules and status reports of
work required for an identified project is an IPAD System design
requirement. However, the capability to display informatjon
from the IPAD data bhase which 1is pertinent to managenment
information items such ‘as badget expenditures, technical
reports, comparisons of evaluation parameters, etc., are OH
functions and Technical Program Elements will be reqguired to
jdentify and format the desired information.

3.2 USER LANGUAGE

The language structare to be employed by the user as he
communicates with the IPAD Systexz is of great importance. That
language must convey in a concise set of primary commands all of
the functions and capabilities of the IPAD System. Further,
that language and its rules nust preserve the balaance of human
management authority within IPAD that the user is fampiliar vith
outside of IPAD. The command language postulated below has been
derived by representatives of the future IPAD user conmmpunity,
and is felt to meet these needs.

Before presenting the 13 basic commands some terms and
related rules will be defined. Then, general rules for this
language will be stated.

3.2.1 Definition of Terms

The terms used to describe the user language are presented
and defined.

3.2.1.1 Access Code

Access codes will be required to authorize the following
functions.
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1. Write — the user may write into the item and change
its contents. Except for edit in place (sece Section
3.2.3.5), the user gets a copy, and the result of his
modifications will require a new qualifier.

2. Read - the user may read, but not write into the iten.
The user cannot get his own copy, in this case.

3. Extend - the user may write 1into +the item only to
extend the 1tem. He cannot change the existing
contents. The extended item will be requalified.

§. Execute - this code applies to operational modules and
jobs. The user may have a copy of the item 1in
executable binary form only.

3.2.1.2 Coding HNodule

Coding modules are the smallest division of user source
code that can be qualified in the IPAD environment. There are
two classes of information pertaining to the coding module.
When unqualified, the only information will be a dictionary
entry giving the generic name, key word list, generic abstract,
and references. There will be only one of these entries for
each generic group of coding modules. The generic abstract will
describe the purpose and plams for that group of coding modules.

When gqualified, +the above information will be extended by
the qualified name, access codes, sSecurity codes, status,
specific abstract, the list linking internal variable names to
engineering variables in the dictionary, and the source code
itself. The status will indicate whether the code 1s not
checked out, verified, or 1legally certified. The specific
abstract will contain additional information describing this
particular variant of the coding module.

3.2.1.3 Community Library

The community library is the library common to a community
of users. There will be a general dictionary for each community
library, and each user in the community will have available all
the information in the community library, subject to limitations
contained in the access, permission or security codes. There
may be more than one community library imn each IPAD.
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3.2.1.4 Data Set

A data set is an identified, organized collection of
alphanumeric information. It may be made entirely of text, of
nunerical information, or a combination of the two. Data sets
will exist in two classes. First, there will be given to ‘the
dictiomary the wungualified information of generic nane, key
words, generic abstract and references. In the qualified state,
a data set will have associated with it the gqualified nane,
access codes, security codes, and the specific alphanumeric
contents. Those contents will be established by the particular
stored data definition used in storing those contents.

3.2.1.5 Dictionary

There will be two dictionaries known to each user in the
IPAD System. First, the community library dictionary will
contain the definitions and information that are the standards
for all of the dictionary types available to the users in that
compunity. Second, each user will have a personal dictiocnary in
his private subtask library. This dictiopary will define all of
the dictionary types reguired by the user to do his subtask
wvhich are not contained in the community library.

The discipline that will require the wuser community to
agree on coherent standards and definitions w»ill be largely
motivated by the dictionary in the community library. It may be
desirable in many community libraries to prevent, via permission
codes, any users from establishing private dictiomaries in their
own subtask libraries. This would force all users to rely on
the standard dictiomary of the comnunity, thus mpaking all
information known to the entire community. Access codes vwould
st1ll prevent unauthorized use and in certain cases, permission
may be granted for a user to have his own dictiomary.

. There are several types of entries into these 1libraries,
denoted as dictionary types. They are coding modules, data
sets, display formats, engineering variables, jobs, operational
modules, and stored data definitions. Each 1is defined
separately in this section.

3.2.1.6 Display Format

A display format is a special class of job that is used for
displaying data sets by graphical methods, whether on line or
off 1line, It has been made a special class of job so that the
action of display may be done with ease to support the
Management Information System (see section 3.1.5).
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The dictiorary information for a display forpat will
consist of name, abstract, reference and the display format
source code. Display formats will not be gualified, as their
unauthorized alteration or destruction 1s merely a question of
nuisance rather than one of integrity of results.

3.2.1.7 Engineering Variable

An engineering variable has one standard definition an the
dictionary. There 1s uniqueness by definition of this variable.
There may be alternate names for this variable contained in the
codirng modules of the user community. But in engineering or
scientific terms, there should be only one entry of thas
variable in the dictionary. The dictionary will contain the
dictionary name of the variable, a key word 1list and an
abstract.

3.2.1.8 IPAD

The Integrated Program for Aerospace-Vehicle Design {(IPAD)
is defined to include the technical data, technical program code
and the IPAD System software. All computing systems outside of
IPAD will be considered as remote systems. There may be more
than one YPAD per host.

3.2.1.9 Job

A job is a netvwork of operational modules whose code is in
executable form. The job 1is the collection of code the user
submits to the host computer for execution. The definition of
a job in the dictiomary will consist of two states. In the
unqualified state, the information consists of generic name, key
words, generic abstract, and references. In +the aqualified
state, the information added describes the gqualified nane,
access codes, security codes, specific abstract, and the higher-
level lanquage statements describing the network of the job.

3.2.1.10 Keywords

The key word list is an important item for each dictionary
type. This 1list will allow users to search and find exasting
dictionary types +that will 1likely £fill their needs. This
capability will help to Iimit the number of entries in the
library which contain the same information or perform the sanme
activity.
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3.2.1.11 Operational pModule

An operational module is a network of coding modules, whose
code 1s in exacutable form. The definition of an operatiomal
nodule in the dicticnary will have tvwo states. In the
ungualified state, the information consists of generic name, key
words, generic abstract and references. In the qualified state,
the information added describes +the gualified name, access
codes, security codes, specific abstract, and the higher-level
language statements describing +he network of the coding
nodules.

3.2.1.12 Permission Code

The pernission codes will be equivalent to a management
system withan the command laaguage. The typical user will
operate with capabilities and limits established by permission
codes. These are constraints on the user, in contrast to access
codes, which are constraints on library information. There are
several classes of control contained in the permission codes.
A partial list of these classes is presented.

1. User entry into command language states--each user
will have a profile of permission codes declaring
which commands of the language he is allowed to use.
For example, only designated users might be allowed to
construct code. Use of the purge command to destroy
library contents, even by the owner of the contents,
may alsoc be 1limited by the permission codes. In
summary, this application of permission codes panages
the user by controlling the parts of the conmand
language he is allowved to use.

2. Hanagement of the data base-—-only selected users,
representing management, will have the authority
granted by permission codes to control the data base.
As examples, certain users will have permission to
issue absolute purge commands. Other permission codes
will allow selected users to alter the access codes
normally established by the owner of the library item.
In summary, this application of pernmission codes
manages what the user has done after it has entered
the library.

3. Management of security—-selected users will have
security monitor status, as afforded by permission
codes. These mnmonitors will have the power to

establish and alter the security classification of a
library item.
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4, Monitoring the subtask activities--selected users will
have the ability to examine subtask libraries granted
by the permission codes. This allows management to
monitor the process of the user activities while the
user is still working within his subtask.

3.2.1.13 Qualifier

Qualifiers are the means of distinguishing between sets of
library information with the same type and generic name but with
different contents. Qualifiers also identify and help track the
process by which the qualified information was created. The
gqualifier will contain a part given by the user, to be used as
his notes on the item, and an automatic part generated by the
IPAD Systemn.

The gualifiers are somewhat different for the various
dictionary types. Engineering variables, display formats and
stored data definitions are not qualified. Identity of the
owner will be sufficient 4information for these itenms. For
coding modules, operational modules and jobs, there will be a
user part of the qualifier, plus the system part that will
describe the particular item in sufficient detail to establish
its uniqueness. For data sets, the user will provide part of
the qualifier, and the system part of the qualifier will contain
sufficient information to allow the events leading to the
generation of the contents of the data set to be repeated.

3.2.1.14 Security Code

Security codes are those established to meet corporate or
governmental rules. The IPAD System and host computer must have
provisions to comply with the established security regulations.

3.2.1.15 Stored Data Definition

The actual structure of the contents of a data set will be
specified by the stored data definition. The stored data
definition will identify the engineering variables and the order
of those variables in the data set. Consequently, part of the
qualifier of a data set will contain the identity of the stored
data defainition used to store that data set.
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3.2.1.16 Subtask Library

The subtask library is where the individual user perforans
his subtask. The user may establish his own dictionary in this
library, and has privacy from the other users in the community.
Only wusers vwith permission codes +to exanine subtask library
contents may violate this privacy.

3.2.2 General Rules

The following rules are 0f a general nature and apply to
all of the command Jlanguage. Other rules will be stated
concurrent with the language command that they are associated
with.

Rule l--There will be provision for more than one comnunity
library in each IPAD. ¥n this way, the conmunity library
becomes an additional gualifier on the contents of a particular
IPAD. This will be helpful, for example, in performing key word
searches, in that airplane and hydrofoil terms would not be
interposed. Alsc, the provision for multiple community
libraries may aid the management process. For exanple, company
archives may be a separate community library.

Rule 2--There will be seven dictionary types, nramely,
coding module, data set, display format, engineering variable,
operational module, stored data definition, and job. There will
be uniqueness of ungualified names only within dictionary types
and community library.

Rule 3-—-The owner of ap entry in the community library or
its dictionary will be the user who makes the entry.

Rule_ 4--0Only the commands of ENTER, SEND and TRANSFER will
allow the user to cross the boundary of the community iibrary he
is in, and only 1f allowed to do so by the permission codes.

Rule _5—--A user in his own sub-task can access information
only in the conmunity library or his own subtask 1library. He
nust have information in another subtask library transferred to
him by the owner of that subtask 1library, unless he has
permission code authority to enter that subtask labrary.

Rule_ _6--Each command state #ill be interactive to the user
in three degrees of conversation. Por the beginning user, the
dialog will be conversational, with the IPAD System reguesting
information, and the user responding, For the average user, the
IPAD System will prompt by means of one word queries. For the
nost experienced users, the TPAD System will make po remarks on
its own; the user will supply all information without aids. of
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course, the user can change to any of these three modes of
dialog at any time.

Rule 7--The TPAD System will maintain a message file for
each wuser. When the user signs on into any subtask, the Systen

¥ill indicate to the user if any messages are in his message
file.

3.2.3 Command Language

The following commands are all on the same level, and may
be done in any order, providing that the prerequisites for the
actions reguested by the command have been done. This level of
command is available as soon as the user has performed the log-
on and 1initiation actaivity, including the naming of the

community library and subtask library he wishes to be in. The
command language 1is presented in a typical order of use for a
totally new subtask. Table 3.1 summarizes the inforpation

discussed for each command and may be used for reference.

3.2.3.1 DEFINE

This is +the command for entering or modifying definitions
of unqualified dictionary types into +the dictionary. The
following information is regquired.

Command:
DEFINE/PLACE/TYPE/TITLE/DOCUKENT/RANGE

PLACE--The wuser specifies either +the conmmunity library
dictionary or his private subtask library dictionary.

TYPE-~The user denotes which dictionary +type 1s being
defined.

TITLE--The unqualified name is given. For display formats,
engineering -variables and stored data definitions, this will be
the only name.

DOCUMENT-~-A list of key words, then a generic abstract and
references are given. This command does not apply to stored
data definitions. ’

RARGE--For engineering variables only, a gross range that
the value of the variable is never to exceed is given to the
dictionary.
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RULES--The following are special rules for this command.

1. The permission codes will prevent certain users from
using this command.

2. A definition to the dictionary may be modified only by
a. the owner,

b. users with permission code authority to modify
definitions other than their own.

3. The defanition in the community library dictionary can
not be changed or purged if there are gqualified
entries in +the communicity library depend on thas

definition.

4. There must be an eptry 1in the conmunity 1library
dictionary for each item stored ain the community
library.

3.2.3.2 ENTER

This is the command for entering information into the IPAD
data base. The following information is required.

Command:

ENTER/PLACE/TYPE/TITLE/SECURITY /ACCESS/STATUS /DOCUMENT/LINK
LIST/RENOTE

PLACE--The user specifies either the communaty library or
his private subtask library as the destination.

TYPE--The user denotes which dictionary type 1is being
entered. The engineering variable type 1s not valid, as all of
the contents for this type are entered under DEFINE.

TITLE--The user gives fairst the generic name as Kknown to
the dictionary, then specifies his part of the qualifier. The
exception is for display formats and stored data definitions;
for these, only the name is given.

SECURITY~-The legal security classification (codes) for the

contents to be entered. This is required only for coding
modules, data sets, operational modules and jobs.
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ACCESS~--~The owner assigns the access codes for the contents
to be entered. This 1s required only for the types listed under
SECURITY.

STATUS~-This is given only for coding modunles, and declares
whether the code is not checked out, verified, or legally
certified.

DOCUMENT--Special documentation differing frem that given
to the dictionary 1s entered. Additions to the generic key word
list are not alloved.

LINK LIST--This applies only to coding modules, and gives
information relating internal variable names to engineering
variables.

REHOTE-~First the device, then its "address,® and, for data
sets, the stored data definition is given to be used in entering
the information into the user?'s IPAD.

RULES~-The following are special rules for this command.

1. The permission codes will prevent certain users from
using this command.

2. The user can make entries only into his own community
or subtask library.

3.2.3.3 TRANSFER

This command is the means of moving information, cother than
dictionary definitions, to different communrity or subtask
libraries within the same TPAD. The foilowing items are
required.

Commandz

TRANSFER/PLACE/TYPE/TITLE/DESTINATIGN

PLACE~-The user specifies either the community labrary or
his private subtask library as the source.

TYPE--The user specifies which diactionary type is being
transferred. Engineering variables are the exception; they must
be entered as an action under DEFINE.

TITLE--The user gives the generic name and enough of the
qualifier to uniquely select the contents to be transferred.
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The exception is for display formats and stored data
definitions; for these, only the name is given.

DESTINATION-—~The user declares the commnunity and subtask
library that the information is to be copied into.

RULES~--The following are special rules for this conmmand.

1. The permission codes will prevent certain users from
using this command.

2. TRANSFER is not a purge. The information is 1ot
transferred; only a copy 1s transferred.

3.2.3.4 SEND

This command is the means for moving information from the
user's IPAD to another IPAD or remote location. The following
items are required.

Commands:
SEND/PLACE/TYPE/TITLE/REMOTE

PLACE--The user specifies either the community library or
his private subtask library as the source.

TYPE~-The user specifies which dictionary +type 1is being
sent. The dictionary 1nformation on engimneering variables can
be sent, as well as can the entire contents of any other type.

PITLE--The user gives the geperic name and enough of the
qualifier to uniguely select the contents to be sent. For
display formats, engineering variables ard stored data
definitions, only the generic name is reguired.

REMOTE~-First the device, then its "addressY, and, for data
sets, the stored data definition is given to be used in sending
the information from the user?s IPAD.

RULES--The following are special rules for this conmmand.

1. The permission codes will prevent certain users from
using this conmand.

s A record of a SEND and +the user to contact for
teference will be maintained.
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3. An IPAD receiving an engineering variable via a SEND
will mnot accept that information. An IPAD receiving
any of the other dictiopary types wvia a SEND will
accept the contents, only if the proper dictionary
information has been entered in the receiving IPAD
with DEFINE conmmands. That is +to say, dictionary
definitions will be made only thru DEFINE.

4. SEND is not a pirge. Only a copy of the information
is sent.

3.2.3.5 EDIT

This command is a means of locating and changing
information, other thanm that input via DEFINE, in the commonity
and subtask libraries. The following items are required.

Commandzs:

EDIT/PLACE/TYPE/TITLE/SECURITY/ACCESS/STATUS/TEXT/COMPILE

PLACE--The user specifies either the community library or
his private subtask library as the source.

TYPE--The user specifies which dictionary +type is having
its contents edited. Engineering variables cannot be edited
except thru DEFINE.

TITLE-—-The user gives the generic name and enough of the
qualifier to wuniquely select the contents to be edited. For
display formats and stored data definitions, only the generic
name is given.

SECURITY~~For coding modules, operational modules, jobs and
data sets, the user gives the modification to the present
secuarity code.

ACCESS~-For the same four types as above, the auser gives
modifications to the access codes.

STATUS-~-For coding modules, the user can change the status
of a set of code. The three choices are verified, legally
certified or not checked out.

TEXT--This is a large set of higher level editing commands.
This language will be drawn from existing editing languages.
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COMPILE--In the construction of a coding module or display
format, the user will require all of the host system's compiler

functions. = -

RULES--The following are special rules for this command.

1. Any user may edit in his own subtask 1library. The
permission codes may prevent a user from editing
entries in the community library.

2. The ability to edit security codes reguires permission
code authority.

3. No item of information that is entered thru DEFINE can
be accessed or edited by EDIT.

L, The ability to edit in place, that is edit contents
without changing the qualifier, requires that no other
entry 1n the community library depends on this entry
for its generataion.

5. The link list for a coding module 1s considered to be
a part of the contents of that coding module, for
editing purposes.

3.2.3.6 PURGE

This command is the means of erasing information, other
than i1nformation entered through DEFINE, from community and sub-
task libraries. The following items are required.

Command:
PORGE/PLACE/TYPE/TITLE

PLACE~-The wuser specifies either the community library or
his subtask library as the location of +the information to be
purged.

TYPE~--The wuser specifies which dictionary type is having
its contents edited. Engineering variables cannot be purged
except through DEFINE.

TITLE~-~The user gives the generic rame and enough of the
qualifier to uniquely select the contents to be purged. For
display formats and stored data definitions, only the generic
‘name is given.

RULES-~The following are special rules for this command.
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1. If the permission codes allow a user to use PURGE,
then that purge request vill have absolute authority
only within the  user’s subtask library. Parge
requests issued by the aser to purge information from
the community library wifll be subject to the following
conditions.

a. Purge regquests on data sets will not be honored
1f a qualified data set in the community library
depends on the set to be purged for its
generation.

b. Purge requests on coding modules, operational
modules and Jjobs will not be honored 1f a
qualified operational module or Jjob in the
community 1library depends on the item to be
purged for its execution.

c. A stored data definition cannot be purged if a

_qualified data set in the community library lists
it as necessary to read the data set.

2. The permission codes will give  absolute  purge
agthority, unrestricted by Rule 1 above, to selected
users.

After this absolute purge has occurred, a record will be kept of
the purge action and the user to contact for reference.

3. Information entered through DEFINE cannot be erased
thru PUBGE.

3.2.3.7 COMPARE

This command is the means of making comparisons between
similar information or comparisons of information with given
values., The following items are required.

Command:

COMPARE/PLACE/TYPE/TITLE/FUNCTIOR

PLACE--The user specifies either the community library or

his subtask library as the location of the information to be
comnpared.

TYPE--The user specifies which dictionary type is having
its contents conpared. Engineering variables cannot be
compared, and the options under FUNCTION may apply selectively
to some of the types.
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TITLE-~The user gives the generic name and erough of the
qualifier to uniquely select the contents to be compared. For
display formats and stored data definitiomns, only +the generic
name is given.

FONCTION--There are several +types of COMPARE activities
listed below. Other types may be added as needed.

1. RANGE - each engineering variable im the dictionary
has a gross range associated with it. For example, a
Mach number may be limited to be not 1ess than zero
nor more than 100. A gross range check wonld reveal
any Mach numbers in a data set that were outside this
range,

2 DIFFERENCE - for this option, the PLACE apd TITLE
information is repeated for a second item of the sane
TYPE. The two are then compared, and the systen
indicates where the contents of the two are different.

RULES--There are no special rules for COMPARE.

3.2.3.8 CONSTRUCT

This command 1is the means of developing new operational
rodules, display formats and Jjobs, and of modifying or
interrogating existing operational modules, display formats and
jobs. The following items are required.

Cotimandsz
CONSTRUCT/TYPE/TITLE/NETWORK /SIHULATE

TYPE--The user specifies whether an operational nodule,
display format or job is being constructed.

TITLE--The user gives +the generic name, then his part of
the gualifier, if he is building a new iten. If he 1is
nodifying, then he gives +the generic name enough of the
gualifier to uniquely select the item. Display formats have no
gqualifiers, therefore only the generic name is given.

NETWORK--The network for +the type is developed, using a
higher level languade specifically for the purpose of network
specification.

SIMULATE-~-This allows the user to select a given path thru
the network. The IPAD System will trace this path, and indicate
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the data sets that appear as ipput and output and that are
internally connected along this path.

RULES--The following are special rules for this command.

1. The permission codes may prevent a user from using
CONSTRUCT.

2. The higher 1level network language will allow
examination of computed values, but will not allow
alteration of computed values for variables. A1l
generation of data must be done 1nside coding modules.

3.2.3.9 EXECUTE

This command is the means of executing jobs. The following
items are reguired.

Command:
EXECOTE/PLACE/TITLE/DATA/PARAHETERS

PLACE——-The wuser specifies vwhether the Jjob 1s 1in the
community library or his private sub—task library.

TITLE-~The user gives the generic name and enough of the
gqualifier to unigquely identify the job to be executed.

DATA--The user identifies by generic name, qualifier and
place, the data sets to be used during the execution of this
job. The user will also indicate disposition of the data sets
once execution is complete. The IPAD System will assist the
selection of data sets by providing the 1list of data sets
required by the job.

PARAMETERS—-~The user specifies those job control parameters
allowed by the job for internal control during execution.

RULES-—There are no special rules for this command.

3.2.3.10 DISPLAY

This command 1s the means of bringing information from
community or subtask libraries to a display device in a defined
set of display formats. A display format is actually a special
class of job that is executed via DISPLAY rather than EXECOTE.
This is intended to allow information display to be done as
easily as possible. Once the display format begins execution,
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the user will be in a dialog mode to specify +the informataion
concerning the data sets to be used 1n generating the displays.
Of course, for batch Jjobs, the information will be given
beforehand. Furthermore, display formats are not gualified, as
a violation of their integrity does not affect the integrity of
any of the results in the libraries. Consequently, only twvo
items of information are Tequired to get the display format ainto
execution.

Command:
DISPLAY/PLACE/TI?LE

PLACE~--The user specifies whether +the display format 1is
located in the community library or in his subtask library.

TITLE--The user gives the generic name of the display
format to be used.

RULES--There are no special rules for this command.

3.2.3.11 FIND

This command is the means of locating selected informatior
in the libraries. The following items are required.

Compandz:
FIND/PLACE/TYPE/SEARCH

PLACE-—-The user tells whether to search in the community
library or his own subtask library.

TYPE-~The dictionary type to be searched 1is given. All
types are allowed.

SEARCH-—A special language for searching. There are
different types of searches.

1. Information entered thru DEFINE can be located by
neans of key word searches.

2 Information in data sets can be found by key word
searches on engineering variables known to be an that
data set.

3. A user gives the name and gualifier of a data set to

the IPAD System, and the System will tell the user all
of the entries 1in hoth the community library and
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subtask libraries which have used that data set. This
information will enable a user +to inform dependent
users of an erroxr in the data set.

RULES--There are no special rules for this comnand.

3.2.3.12 HKESSAGE

This copnmand is the peans of sending a personal message to
apother IPAD user. The following items are required.

Cormandsz:
HESSAGE/ADDRESS/CONTENT

ADDRESS~-The address information in sufficient detail to
locate the user to whom the message is intended.

CONTENT-~The content of the message.
RULES--If ¢the receiving user is not signed on when the

message is sent, the originator can have the message entered
intc the user's message file.

3.2.3.13 LEARN IPAD

This 1is a tutorial state whose purpose is primarily to
teach the new user how to use IPAD. It wmay also be used in
getting assistance in case of difficulty.

3.2.3.14 General Commands

These are a series of general commands available to the
user at any tine.

PAUSE--This is a short~term exit from a command state. The
status is preserved for a subsequent RESUME command.

HOLD--This is a long term exit, such as log-off without
completing the sabtask, from a command state, with the ability
for interruption of the subtask. The status is preserved for a
subsequent RESUME command.

RESUME--This resunes the activity that was in progress when
the PAUSE or HOLD command was issued.

STOP--This is an unconditional stop, withomt recovery
ability.

ROLES--There arse no special rules for these commands.
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Table 3.1

Application of Command and Dictionary Actions to Dictionary Types

DICTIONARY TYPE
2 19 8%
[ = & O
me |0 0
oM Rl BE(EMad
Z 1 zmﬁq ﬁz
Eg ﬁf—r g'; SE:{ IZiIB OE m
ITEM o ot
L go|gal Ao d|ag|ad) 9
DICTIONARY ENTRY? X X X X X X X
QUALIFIED? X X X X
COMMAND | SUB-COMMANDS |
PLACE, TYPE, TITLE X X X X X X X
DEFINE DOCUMENT X X X X X X
RANGE X
PLACE, MYPE, TITLE X X X X X X
SECURITY, ACCESS X X X X
ENTER STATUS, LINK LIST X
DOCUMENT, REMOTE X X X X X X
PLACE, TYPE, TITLE,
TRANSFER DESTINATION X X X X X X
SEND PLACE, TYPE, TITLE, X X X X X X X
REMOTE
PLACE, TYPE, TITLE X X X X X X
EDIT SECURITY, ACCESS X X X
STATUS, COMPILE X
TEXT X X X X X X
PURGE PLACE, TYPE, TITLE X X X X X
PLACE, TYPE, TITLE X X X X X X
COMPARE FUNCTION: RANGE X
FUNCTION: DIFFERENCE X X X X X X
TYPE, TITLE, NETWORK,
CONSTRUCT SIMULATE X X X
PLACE, TITLE, DATA,
EXECUTE PARAMETERS X
DISPLAY PLACE, TITLE X
FIND PLACE, TYPE, SEARCH X X X X X X X
MESSAGE N/A IN/AIN/A | N/AIN/A [N/A [N/A
LEARN IPAD N/A IN/A|N/A | N/A|N/A[N/A [N/A
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4.0 USER-TERMINAL ENVIRONMENT

4.1 PERSONAL TERHINAL ENVIRONMENT

The user will have a choice of doing a job in either the
batch mode or £from a personal terminal. The terminal mode of
operation should satisfy certain human factors in order +to
achieve an optimum reduction in flowtime. The terminal mode
should not frustrate the user. Dialog with the computer through
the terminal should have response times compatible with the
userts neads to think and conmunicate effectively. For
instance, response times by the computer of less than one or two
seconds are probably necessary if intensive creative dialog is
to be done.

The 1language the user will employ to communicate with the
comrputer must compromise somevhere between the limits of boredom
and bewilderment. The user side of the dialog should
accommodate the casual user as well as the dedicated user. The
casual user will want to employ a highly descriptive language
whereas the dedicated wuser will require a style approaching
muemonic language. The computer side of the dialog shounld
provide effective prompting, dependent on the skill of the user.

4.2 TERMIFAL EQUIPMENT ARBANGEMENTS

Careful arrangement of the user's facilities will be
raquired to achieve the best use of personal ternminals in +the
IPAD environmemnt. There should be different types of work
arrangenents, dependent on the size of the using unit, their
class of activity, and the particular equipment to0 be used.

For example, figure 4.1 shows an engineering organization
of approximately 225 people. The central rooms will contain the
on~line terminal equipment and off-line printers and plotters to
support the using organization and its interface with IPAD. The
equipnent density represents projections for the time period of
1976 thru 1979.

Figure 4.2 shows an arrangement for a unit composed of
eight users. These eight users would be a basic group which
Tepresents the major technical disciplines required to support
each design network identified in section 4 of Volume II for the
preliminary design Levels. Their IPAD terminals would consist
of two silent teletype units and one interactive graphic console
vith vector plotting capability. W#ith the equipment centered in
the work area, access w#ould be convenient, and terminal
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availability could be determined without having to get up and go
to another area. Furthermore, a Jjob that would reguire
sequential execution by different members of the unit, such as
an examination of a configuration in Levels III and IV, could be
done in a sequential manner at the terpinal. Continuity of ‘the
solution would be present in the user's pind as well as in the
IPAD Systen.

Figure #.3 shows a central arrangement of on-~line terminal
equipment to support approximately 150 other engineers having
less terminal support requirements. This room has six silent
teletype units and three interactive graphics consoles with
vector plotting capability. This room also has two manual
digitiZers and three work tables.

Figure #.4 shows a central arrangement of off-line plotting
equipment to support the entire organization. This room has one
high volume 1low accuracy plotter, two wmedium volume haigh
accuracy plotters and one very accurate drafting plotter. High
volume printers and medium accuracy film plotters are assumed to
be in a central facility remote to the using organization.

This arrangement is one example of many ways to provide the
user access to IPAD. Effective utilization of IPAD will require
facility planning, as well as the more obvious selection of the
peripherial equipment itself.

4.3 MANAGEMENT INFORHATION DISPLAY

Display of management information will be accomplished by
special jobs which provide pre-formatted displays of data. This
will provide management the capability to review plans,
schedules and costs. The plans will outline the sequence of
design and analysis tasks and the technical depth of design and
analysis reguired at each step. As the design progresses, the
plans will be updated to show the completion of each step. This
will provide management with a well-supported capability to
track the costs, such as design engineering and development
cost, and estimates of the production cost, product support cost
and product operation cost.

Hanagement information system displays will be accessed
through personal terminals or project comtrol —rooms may have
large-screen display devices which project the pre-formatted
displays using the latest information from the data base. When
information 1s in question, it may be possible for a manager to
interrogate data in successively increasing detail wuntil the
source of the discrepancy is found.
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5.0 PERIPHERAL EQUIPMENT CAPABILITIES

Efficient use of the «capabilities provaided by the IPAD
system will require a variety of peripheral equipment. There
are three distinct cateqories for this eguipment. Personal
terminals will provide on-line communications with the computer.
Off-line equipment will provide services where time is not the
prime factor. Certain special devices will be needed to support
the activities involved in the design of the product.

5.1 PERSONAL TERMINAL EQUIPMENT

The largest and wmost used category is expected to be silent
personal termirals. Careful consideration will be required at
each IPAD installation to provide the most effective types and
equipment density. The following list gives a definition of the
types.

1. Keyboard and printer - the traditiomal teletype, for
use primarily in data and code manipulataion.

2. Interactive text scope - a text scope, with keyboard.
This device only displays text. Interaction will be
through the keyboard. -

3. Keyboard-interactive graphics scope - a scope with
vector plotting capability, as well as text. The
interaction will be through the keyboard.

4, Display-interactive graphics scope =~ a scope with
vector plotting capability, as well as text. The
interaction will be through devices such as light pens
or "control sticks," as well as througk the keyboard.

5. Card reader - a low volume card reader for ainputting
low card volume data.

6. Tape reader — a small on-line tape reader, probably a
casette type. Certain data sets and programns where
portability 1s desired may be efficiently stored and
loaded in this method.

7. Digitzers - a manually operated device to read curves
and introduce them into the systen.

B. Cn-line printer - required to produce immediate
hardcopy of text. Document quality is not required.
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9. On—-line x—-y plotter - required to produce immediate
hardcopy of graphical displays. Document guality may
not be required.

5.2 OFF-LINE EQUIPHNENT

This category considers that equipment which is not usually
a part of a personal terminal. The common host system equipment
will be required, in addition to some devices that are not part
of the typical installation. The following types are necessary
to support the design process.

1. High volume card reader - the typical input device in
present host installations.

2. Automatic digitizer - a large capacity digitizer with
automatic line following capability, for inputting
large columes of data from drawings.

3. High volume printer - the typical M"chain-print" device
for producing large volumes of printed output.

4. Document quality printer - required to allow
utilization of the IPAD capability for having display
formats that prepare reports directly from the data
base. This may be a type-setting device or a high-
guality typewriter.

5. High volume plotter ~ a device to produce large
numbers of plots for internal company communication.
Accuracy 1s not a high requirement.

6. Drafting guality plotter - to produce highly accurate
drawings for design and manufacturing purposes.

7. Tape drive -~ the typical tape read/¥rite device for
entering information and producing copies onto
magnetic tape.

5.3 SPECIRL DEVICES
A category of special devices has been identified fronm
requirements established both by the design networks and by the

user. Following are two examples of this category. Other
devices will be required by additional applications of IPAD.
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Hybrid simulator - this represents the occasions when
the IPAD system will drive any simulation process
using an analog computer.

Microfilm storage ~ a systep vhere documented results
would be microfilmed. Locatior information would be
maintained as a part of the IPAD data base, apnd users
would employ the IPAD System to retrieve a particular
mnicrofilm record.
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6.0 COMPUTATIGNAL REQUIREMENTS

6.1 GENERAL DISCUSSION

The purpose of this section is to provide an estimate of
the computational requirements for +the IPAD System host
hardware. These requirements were calculated for design
projects 1 and 2 enumerated in section 4 of Volume II and are
based on the catalog of Technical Program Elements contained in
Volume V.

The computational requirements will be expressed in two
parts. The first part will express  the significant
computational information relating to each design 1level of
Project 1 and Project 2. The second part will attempt to
identify a total usage requirement for the IPAD System's host
hardware in terns of hardware capacity and performance.

The technical tasks for the IPAD Feasibilaity Study are
expressed in terms of design projects and consists of work flow
networks and Technical Program Elements which are formulated to
solve the ©postulated design problem. Each design project is
broken down into product levels as shown in figure 6.1.

From the technical tasks vhich are required to solve the
postulated design problems, certain information regarding IPAD
computational requirements can be formulated for each design
level of Project 1 and Project 2. This information is as
follows:

L. The purpose of each level;

B. The user environment expressed in terms of the
following.

i. Identification of the primary users of the
analysis.

2. An estimate of the desired computational flow
time for executing the analysis in order to be
responsive to the needs of the users.

3. An estimate of the number of configurations which

would be executed through the analysis during a
typical design program.
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4. An estimate of the number of executions of the
level analysis which the user groups would desire
to store on-line.

5. A description of the types of runs that will be
executed through the analysis. Will they be full
or partial executions of the entire analysis?
Will they be single or multiple executions (trade
studies) of the analysis? Will the analysis be
executed in a serial or a parallel manner? Also
how will optimization be used in the analysis of
each level?

The computational size of each level. The analysis of
each level is comprised of activities described in
Section 4 of Volume II and will be performed by
Technical Program Elements which are described in
VYolume V. Since the Techmical Program Elements are
interdependent, in order to complete the analysis with
a converged design, most of the elements will have to
be executed several times for each configuration. A
description of how the Technical Program Elements
might be ordered to do the analysis is shown in tables
for each level, The text describes what the
particuiar order is designed to achieve - e.g., a
converged design or a single pass through the
apalysis. For the later levels (Level V and beyond),
since the analyses will be executed in paraliel by
each technical discipline, the computational activity
is estimated in total for each techmical discipline.

The computational size of the analysis of each level
15 represented by the sum of the computational size of
each Technical Programn Element +times the pumber of
times that the Element is expected to be executed.
The computational size of each Techmical Progran
Element 15 represented by Central Processor {CP)
seconds of execution (on the CDC 6600), amount of
ipput and output (60 bit) data words, average data
transfer rate, and boxes of program source code cards.
Eachk box of source code contains 2000 cards. A
typical input/outpat profile is shown in figqure 6.2.
It 1s 3important to note +that the estimates of
computational size of each Techrical Program Element
are based on executing that Element separately and in
a batch mode. Consequently, the computational size of
each Element will probably increase if it were
operated in the IPAD System and in an interactive
node. Also, the computational sizes are based on
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Elements which are candidates for first implementation
of IPAD. Beyond first implementation, it is expected
that the capability afforded by an IPAD System will
allow the development of more sophisticated Technical
Program Elements having increased capability.

Execution Frequency and Computational Load. In order
to demonstrate what the demand of the analysis of each
level nmight be on the IPAD System host hardware, the
information from the user environment is used to
develop a continual, averaged daily execution rate.
Thke execution rate is then multiplied by the CP time
per execution fo develop an averaged daily
computational load on the host hardware.

Computational Flow Time. The computational flow time

represents an estimate of the time it would take to:

1. Develog procedures and prepare data for a job;
2. Execute the job;

3. Analyze and evaluate the output;

4. Document and exchange the output information.

Kan/Machine Interfaces. The devices listed 2i1n this
section represent the capability which could be used
in conjuncticn with the Technical Program Elements
which are candidates for first implementation of IPAD.
Beyond first implementation, it is expected that the
demand for more sophisticated devices ¥will increase as
more sophisticated Technical Program Elements are
developed.

The format of computational regquirements (section 6.2
and 6.3) relates ipnformation identified as A thru F
{above) for each 1evel of Project 1 and Project 2.
Section 6.4 presents the demand on an IPAD System in
terms of hardware performance and capacity in order to
accomplish the computational tasks of one Project 1
and one Project 2 design effort. In addition section
6.4 contains an estimated company mix based on these
projects and is intended to represent all areas of a
major aerospace company.



6.2 PROJECT 1 - SUBSONIC COMMERCIAL TRANSPORT

Design Project 1 was chosen to be the design of a subsonic
commercial transport. The design Project 1 was divided ainto
design levels which represent distinct activities that support
the design process as shown in figure 6.1. The computational
rejuirements described below are based on the identified
computational activities 1n the Preliminary Design Levels
{Levels II, TII, IV, and V), together with an estimate of the
computational activities in the Product Levels {Levels VI, VII,
¥III, and IX).

6.2.1 Project 1 - Level II Computational Reguirements

A. Purpose

The purpose of Level II is to select the design
mission regquirements that +the candidate airplanmes
defined and analyzed in the succeeding design levels
will be required to satisfy.

B. User Environment

The user environment for Level IT is expected to have
the following characteristics.

1. The primary users of Level II will be the
Marketing and Preliminary Design groups.

2. In order to be responsive to the needs of the
users, +the desired wminimum computational flow
time reguired to execute the Level II analysis is
one half hour.

3. The user groups would use the Level II analysis
to execute approximately 30 design mission
selections during two thirds of the Preliminary
Design Phase.

4. The user groups shonld have 10 rumns accessible
on-line.
5. Host of the runs 4im Level II will be single

executions; although within the Level II
analysis, approximately 50 airplanes will be
generated to satisfy each design mission.
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Computational Size

level IT is comprised of +the activities listed an
table 6.1. These activities are described in section
4.2.3.2 of Volume II, and the estimates of the
computational size of each activity are based on the
Technical Program Element descriptions in Volume V.
With allowances for recycling within +the Level IT
analysis, to select the design mission will require
1700 CP seconds (on +the <CDC 6600). The Technical
Program Elements which are required to vperform the
Level IT1 analysis consist of approximately 35 boxes of
source cards.

The input +to Level IY is on the order of 1000 data
words together with marketing and economic data stored
in the data base. The output from Level II 1s on the
order of 10,000 data words. The largest activity
within Level II has approximately 20,000 words of
input and output. The average data transfer rate is
on the order of 100,000 words imn 1700 CP seconds.

Execution Frequency and Computational Load

Projecting +the Level TII activity to usage on a
continual basis would result in the following
computational load on the IPAD systen by each user
groupsz

(BOEDCECUTIONS (lPDPHASE) (E%Erﬁgs)( 8 MONTHS LEVEL TIME )

PD PHASE YEAR 12 MONTHS PROJECT TIME
X {1 USER GROUP) = .OT GROUP EXECUTIONS
DAY
.07 GROUP mcacunons) (.hI cp HOU'RS) (2.3 RERUN PACTOR )
DAY EXECUTION
= .043 CP EOURS (0N THE CDC 6600)
DAY

Computational Flowtime

Based on the Technical Program Elements which are
candidates for first implementation of IPAD, an
estimate of the minimumn computational flowtime
required to execute a rum through the Level II



Table 6.1  Computational Activity Flow — Project |=~Design Level 11

Activity|| Activity Activity Source
ID No. CP Sec® [Input/Output (10%) | Iterations Cards w®
II-2 216 4 2
II-3 50 3 1
I1-3 50 3 1
II-5 58 4 28
1I-6 150 3 2
I1-7 432 4 1
II-3 50 3
II-3 50 3
II-5 58 4
I1I-6 150 3
II-7 432 4
1696 10° 35
(.47 Hours)

* CbC 6600
**Boxes
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A.

analysis 1s approximately tvo days. The Level IX
analysis contains a "thumbpraint" analysis which
identifies approximately 50 candidate airplanes which
will satisfy each design mission. At present, 1t
regquires a man decision to select which airplane
configurations will be pursued in the analysis.

Man/Machine Interfaces

The types of man/machine interfaces desired for Level

IT would be:

1. Interactive text scopes to display and enter
data.

2. Oon-line x-y plotters to plot most graphical
output.

3. Drafting plotters to plot selected dgraphical
output;

4. Printers to praint document quality output.

5. Card readers to input data.

Proiect 1 - Level IITY Computational Requirements

Purpose

The purpose of Level IITI is to size an airplane which

will perform the required design mission.

User Environment

The user environment for Level IJI is expected to have
the following characteristics.

1. The primary asers of Level III will be the
Preliminary Design groups.

2. In order to be responsive to the needs of the
users, the desired minimum computational flowtinme
required to execute the Level III analysis is one
half day.

3. The user groups would use the Level III analysis
to execute approximately 100 configuration sizing



runs during two thirds of the Preliminary Design
phase.

4, The user groups should have 10 runs accessible
on-line.

5. Most of the rums i1n Level III will be single
executions, although occasionally there will be
multiple configurations which are executed in
series {trade studies). It is expected that
configuration optimization type of runrs will be
limited to the first half of Level III “Geometry
Sizing" and that suboptimization ¥ithain
particular activities will be accomplished during
the second half of Level III *Structure Sizing."

Computational Size

Level III is comprised of the activities 1listed in
Table 6.2. These activities are described in section
4.2.3.3 of vVolume 1II, and the estimates of the
computational size of each activity are based on the
Technical Program Element descriptions ia Volume V.
With allowances for recycling within the Level III
analysis, to size the <configuration's geometry and
structure will require 4300 CP seconds {or the CDC
6600) . The Technical Program ZElements which are
required +to perform the Level IIT analysis consist of
approximately 170 boxes of source cards.

The input to Level III is on the order of 10% data
words, and thes output from Level III is on the order
of 105 data words. The largest activity within Level
III has on the order of 10% data vords of input and
output. The average data transfer rate is on the
order of 107 data words in 4300 CP seconds.

Execution Frequency and Computational Load
Projecting the Level IIT activity to wusage on a
continual basis would result in the following

computational load on the IPAD system by each user
groups:
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Table 6.2 Computational Activity Flow
Project I—Design Level j}]|

Activity || Activit Activity x Source
ID No. CP Seg Input/Output (107 Iterations | Cards®™*
=m== — m
I1I-1
III-2 10 3 11
III-3 29 4 3 15
11I-5 . 3 3 8
I11-6 20 3 2
I11-9 29 4 11
111-2 10 3
111-3 29 4 2
III-5 3 3
11I-6 - 20 3
11I-9 29 4
I1I-2 10 3
111-3 29 4 2
11I-5 3 3 }
11I-6 20 3
III-9 29 4
I111-11 " 50 3 5
ITE-12 8 3 3
11I-13 2 3 3
I1I-14 350 (total) 6 } 4 10
11I-15 350 {(total) 6 10
11I-17 352 6 ' 78
I1I-14 125 (total) 6 } 2
III-15 125 {total) 6
I1II-17 152 6
TI1E-2 10 3
I1I-3 29 4 2
11I-7 3 3
I1I-6 20 3
LI1I-9 29 4
I11-2 10 3
III-3 29 4
I1I-7 3 3
I1I-6 20 3
IIT-9 29 4
III-2 10 3
11I-3 29 4
11I-7 3 3
III-6 20 3
III-9 29 4
I11I-11 50 3
ITI-12 8 3
I1I-13 2 3
TII-14 350 (total) 6 4
1I1~15 350 {total) 6
111-17 352 | 6
111-14 125 (total) 6 } 2
III-15 125 (total) 6
T1I-21 200 5 10
III-22 45 4 2
11123 3 2 4
TII-24 100 3
4280 108 169
{1,19 Hourls)

» CDC 6600

*& Boxes
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(;po EXECUTIONS) (1 FD PBASE) ( ) ( 8 MONTHS LEVEL TIME )
FD PHASE YEAR 280 DAYS/ \12 MOKTHS FROJECT TIME

x ( 1 USER GROUP) = .24 GROUP EXECUTIORS
TAY

(.2& GROUP EXECUTIONS) 1.19 CP HOURS) (1.3 RERUN FACTOR)
DAY EXECUTION

= ,37 CP EOURS {OK THE CDC 6600)
DAY

E. Computational Flow Time
Based on the Technical Progran Elements which are
candidates for first dimplementatior of IPAD, an
estimate of +the - minirunm comnputational flowtime
required to execute a run through the Level ITI
analysis is approximately two and one half weeks.

F. Man/Machine Interfaces

The types of man/machine interfaces desired for Level
III would be:

1. Graphics scopes to display and enter data;

2 Interactive text scopes to display and enter
data;

3. Oa+~line x-y plotters to plot most graphical
output;

4. Drafting plotters to plot selected graphical
outpat;

5. Printers to print document quality output;

6. Card readers to input data.

6.2.3 Project 1 - Level IV Computational Beguirements

A. Purpose

The purpose of Level IV is to refine the configuration
determined in Level T1III.
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User Environment

The user environment for Level IV is expected to have
the following characteristics.

1. The primary users of Level IV will be the
Technology Staff 4groups and to some extent the
Preliminary Design groups.

2. In order to be responsive to the needs of the
users, the desired minimum computational flowtime
required to execute a configuration once through
the Level IV analysis is one week.

3. The user groups would use the Level IV analysis
to execute approximately 30 configuration
refining ruas during two thirds of the
Prelininary Design phase.

4. The user groups should have 4 runs accessible on-
line.

5. Since the Level IV analysis is quite 1long and
complex, most of the runs using the analysis will
be 1limited to having each technical discipline
execute +their own analyses using the 1latest
information 1in the data base, and update the
information in the data base with the results of
their analyses. Therefore, even though the Level
IV Detailed Design Network (Section 4.2.2.1 of
Volume II) indicates that Level IV is a serial
analysis, most of the time, the activities will
be executed in parallel. fThe exceptions to this
will be that Level IV amalysis may be executed in
total once in the beginning of the Level IV
phase, and once in total after all the technical
disciplines are satisified with their indaividual
analyses of the Level Iv configurations.
Optimization type of runs will be linited to
suboptimization within particular activities.

Computational Size

Level IV is comprised of the activities 1listed in
Table 6.3. The activities are described in section
4.2.3.4, and the estimates of the computational size
of each activity are based on the Technical Program
Element Descriptions in Appendix A. To make one
complete execution through all the options within the
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Table 6.3 Computational Activity Flow
Project |=Design Level 1V

Activicy | Activity Activicy Source
ID No CP_Sec* ! Input/Qutput ITterations | Cards**
Iv=-1
Iv-2 614 3 7
Iv-4 1600 3 14
V-5 1] 5 156 {total}
Iv-4 200 3
iv-10 1000 [ 30
Iv-g 600 ]
Iv-12 253 1 26
v-15a 13 k] 16
Iv-17 1040 [ 30
w-18 T 244 5
Iv-20 350 (total) & 3 ]
vi=21 5400 3 7
v-23 160 I 3
V=24 ] 3
IV-20 350 (total) & k]
Iv-21 5400 ]
Iv=-23 100 I 5
Iv-25 106 5
Iv-20 350 {total) 5 3
v=-21 5400 3
Iv-23 100 5
V=25 100 5
EM-1 10 5
EM-2 500 & 78
EM-3 1230 k] 18
EM=4 1000 4 7
EM-5 147 5 1
EM-7 18 ) 2
EM-8 200 5 10
EM-9 75 i 3
EM-10 } 600 6 5
EM-11
Iv-28 200 ]
Iv-31 40 3 i0
Iv-29 250 1 24
IvV-10 20 5 E
1v-28 200 &
Iv=-31 40 3
Iy=35 5 2
Iv-38 200 5
Iv-41 200 3
Iv-42 480 5 9
Iv-43 1800 § f
IV=45 350 5
V-4 5400 6
IV-44 200 5
IV-42 490 5
V=43 1800 6
Iv=45 350 S
Iv-46 5400 [
1v-4& 200 ]
iv-28 200 [
Iv-31 40 5
V=29 250 14
Iv-30 20 5
Iv-28 200 6
Iv-31 40 5
V=35 5 2 N
IV-38 200 5
IV-52 200 13
Iv-53 255 4
v=42 480 5
Ev-43 1860 &
V=45 350 5
IV-46 5400 )
Iv-48 200 5
W-42 480 5
Iv-43 1800 €
Iv-48 200 5
V=52 200 6
Iv=-53 255 4
-4 lpao 1
IvV-10 1000 [
V-9 600 4
IV-15p 13 3 .
Iv=17 1040 4
Iv-18 244 5
IV-56 200 1

BE439 EE 453

{24 56 Hours)

i

& CPC §600
*& boxas
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Level IV analysis will require 88400 CP secoands ({on
the CDC 6600) in a batch nmode. Under normal
circumstances, the conputational time will be
considerably longer because of the necessity of havang
to go back and re-execute previous levels, ard because
there will be a considerable amount of on-line,
interactive activity regquired to support the Level IV
analyses. The Technical Program Elements which are
required to perform the Level IV analysis coasist of
approximately 450 boxes of source cards.

The 1input to Level IV is on the order of 105 data
words, and the output from Level IV is on the order of
10¢ data words. The largest activity within Level IV
has approximately 3.2 million data words of input and
output. The average data transfer rate is on the
order of 108 data words in 88400 CP seconds.

Execution Fregquency and Computational Load

Projecting the Level XV activity to usage on a
continuval basis would result in the following
computational load on the IPAD system by each user
group:

(30 EXECUTIOHS) 1 PD PHASE) 1 YEAR ( B8 MONTHS LEVEL TIME
PD PHASE YEAR 280 DAYS Y2 MONTHS PROJECT TIME

x {1 USER GROUP) = ,06 GROUP EXECUTIONS
DAY

(.06 GROUP EXECUTIONS) (2&.56 cp HOURS) (1.3 RERUN FACTOR)
DAY EXECUTIONS

= 2,01 CP HOURS ( ON THE CDC 6600)
DAY

Computational Plow Time

Based on the Technical Program Elements vwhich are
candidates for first implementation of TIPAD, an
estimate of the minimum computational flovwtime
required to execute a run through +the ILevel IV
analysis 1s approximately one month for one design
cycle and two months to complete all the iterations
required for a converged design.



Man/Machine Interfaces

The types of man/machine interfaces desired for Level
IV would be:

1. Graphics scopes to display and enter data;

2. Interactive text scopes to display and enter
data;

3. On-line x-y plotters +to plot most graphical
output;

4. Drafting plotters to plot selected graphical
output;

S. Printers to print document guality output;

6. Card readers to input data.

6.2.4 Project 1 — Level ¥V Computational Requirewments

A-

Purpose

The purpose of Level V is to verify the configuration
established in the previous levels by conducting wind
tuanel tests and more refipned analyses on the
configuration'’s components.

User Environment

The user environment for Level V is expected to have
the following characteristics.

1. The primary users of the Level V will be the
Technology Staff groups and the Preliminary
Design groups.

2. - In order to be responsive to the needs of the
users, the desired minipum computational flowtime
required to execnte a configuration through the
Level V analysis is one month.

3. The user groups wonld use the level V analysis to
execute approximately 8 configuration
verification exercises during two thirds of the
Preliminary Design phase.
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4. The user groups should have 2 runs accessible on-
line,

5. Since the Level V is very long and complex, 21t
will be used in a parallel manner in which each
technology discipline will execute its own
analyses using the latest information in the data
base and update the information in the data base
with the results of their analyses. Therefore
Level V will never be executed in its entirety at
any one time, but instead, will consist of
parallel, partial executions. Optimization type
of runs will be limited to suboptimization within
particular activities.

Computational Size

Since most of the activities in the Level V¥ analysis
will ©be performed in a parallel sequence--rather than
in a serial sequence which existed in the previous
levels, it is not feasible to develop the
computational activity flovw in the same manner as was
done for the previous levels. Instead, each technical
discipline was asked to estimate the computational
size of theilr lLevel V analyses as a whole, rather than
for each individual activity. Consequently, the Level
¥ computational activity sizes shown in Table 6.4
represent each technology discipline's estimate of the
effort required +to support the Level V analysis for
ei1ght configurations over an eight month period. The
total estimated CP time for Level V is 294 hours {on
the CDC 6600). The Technical Program Elements which
are required to perform the Level V analysis consist
of approximately 560 boxes of source cards.

The irput to Level V is on the order of 106 Jdata
words, and the output from Level V is on the order of
108 data words. The largest technical discipline's
effort consists of 130 million data words of input and
output. The average data transfer rate is 2.9 x 108
data words in 1 x 106 seconds.

Executation Frequency and Computational Load

Projecting the Level V activity +to usage on a
continual basis would result in the following
computational load on the IPAD system by each user
group:



Table 6.4 -Computational Activity Sizes by Technical Discipline
Project |~ Design Level V

cP Sec®* | Source Cards Input/Output
Technology (x103) (Boxes) (Words-10%)
_j;érodynamics 147 72 5
Flight Controls 57 15 8
Propulsion 1 5 4
Loads 33 50 6
Stress 560 72 8
Flutter 28 8 7
Weights | EY 250 7
Design ” 93 40 7
Other 96 51 7
l 1059 563 108
— ——— — =}
CP Time/Configurataion =(%g%%%%%) = 36.77 Hours

* CDC 6600
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(B EXECUTIONS 1 FD PHASE) ( 1 YEAR ) ( 8 MONTHS LEVEL TIME )
FD PHASE YEAR 280 DAYS 12 MONTHS PROJECT TIME

x {1 USER GROUP} = .019 GROUP EXECUTIONS
DAY

«019 GROUP EXECUTIONS) (36.TT Cp HOURS) (1.3 RERUN FACTOR)
DAY EXECUTION

= .89 CP HOURS {ON THE CDC 6600)
DAY

Computational Flowtime

Because of the complex nature of the Level V analysas,
most of the technical discipline's actaivities will be
done in parallel. This parallel operation may have
serious implications for handling the updating of
information in the data base and the concept of a
"Jjob" within the context of the IPAD Paper Design.
The 1implications are that each technology discipline
will want to execute their activities (jobs} with the
"most current, official" ainformation in the data base
and will want to keep re-executing their jobs as long
as information pertinent to their analysis continues
to change. Therefore, no group is finished executing
their jobs until every group is finished, because most
of the activities are interdependent. The minimum
computational flowtime {excluding wind tunnel
activities) to cycle omne configuration through the
Level V analysis is one and one half wmonths for one
design cycle and three months to complete all the
iterations required for a converged design.

Han/Machine Interfaces

The types of man/machine interfaces desired for Level
¥ would be:

1. Hybrid simulators to evaluate airplame handling
gunalities;

2. Interactive graphics scopes to display and edit
data;

3. Graphics scopes to displdy and enter data;
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A.

4. Interactive text scopes to display and enter
data:

5. On-line x-y plotters to plot most graphical
output;

6. brafting plotters to plot selected graphical
output;

7. Printers to print document gquality output;

8. Card readers to input data.

Project 1 - Level VI-IX Computational Requirements

Purpose

Levels VI through IX are the product levels in which
the functions of Product Detail Design {Level VI),
Product Manufacture (Level VII), Product Verification
{Level VvII¥), and Product Support (Level TIX) are
perforned.

User Environment

The aser epvironment for Levels VI through IX 1is
expected to have the following characteristics.

1. The primary users of Levels VI through IX will be
the Product Design groups with support from the
Technology Staff groups primarily in Level VI.

2. The user groups will be using IPAD throughout the
duration of the product levels which is expected
to be an active design period of two years after
which a sustaining effort will last through the
life of the product.

3. The activities within Level VI are expected to be
similar to those within Level V 1in whach there
will be parallel executions of detail design -and
analysis activities by each technical diascipline
using the latest information 1n the data base and
updating the data base with the results of their
work. Therefore, Level VI will never be executed
in its entarety at any one point 1in time.
Optimization type of runs will be limited to
suboptimization withan particular activities.
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Beyond lLevel VI, the primary usage of the IPAD
systen would be to receive, store, and
disseminate information 4using the IPAD data
management system and the data base.

Computational Size

Since the desaign and analysis activities in Levels VI
through IX are executed in a similar manner to those
in Level Vv, an a paralliel, 1independent sequence, a
representative of each technical discipline was asked
to estimate the computational size of his analyses
within levels IV through IX as a vwhole. The
computational activity sizes shown 1n table 6.5
represent each technical discipline’'s estimate of the
effort required to support the product levels over a
tvo year period. The total estimated CP time for
Levels IV through IX is 1076 hours {on the CDC 6600).
The Technical Program Elements which are required to
perform the analyses in-Levels VI through IX consist
of approxaimately 720 boxes of source cards.

The input to Level IV 1s on the order of 108 data
words, and the output from Levels IV through IX is on
the order of 109 data words.

Execution Frequency and Computational Load

Projecting the computational activities within Levels
VI +through IX to usage on a contipual basis wonld
result 1n the following computational load on the IPAD
system by each uaser group:

1 EXECUTION -5 PRODUCT PHASE 1 YEAR 24 MONTHS LEVEL TIME
PRODUCT PHASE- TEAR 280 DAYS 2L MONTHS PROJECT TIME

x {1 USER GROUP} = 0018 GROUP EXECUTIONS
DAY

(.0018 GROUP _EXECUTIONS) /1076 CP HOURS (1.3 RERUN FACTOR)
DAY EXECUTION

= 2,50 CP HOURS (ON THE CDC 6600)
DAY .



Table 6.5 Computational Activity Sizes by Technical Discipline
Project |=Design Level V|- X
5
CP Sec® |Source Cards Input/Output
Technology (x103) (Boxes) {Words-~10X)
Aerodynamics 400 10¢ 5
Flight Controls 114 30 8
Propulsion 4 10 4
Loads 100 50 7
Stress 840 100 9
Flutter 28 10 7
Weights 176 250 8
Design 1860 100 9
Other 352 65 8
3874 715 109
CP Time/Configuration = 3%%%%99 = 1076.11 Hours

* CDC 6600
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E. Computational Flowtinme

Because of the complex natare of the design and
analysis activities within the product levels, most of
the technical disciplinet*s activities will be done in
parallel over a long period of time. Bevond doing the
required amount of detailed desigr and analysis to
obtain an airplane which can be manufactured,
certified and put into service, additonal effort will
be spent on solving problems, design improvements,
customer variatiomns, and keeping information current.
This means that the coaputational flowtime for product
levels will last from the product go-ahead to the end
of the progranm.

F. Han/Machine Interfaces

The types of man/machine interfaces desired for Levels
VI through IX would be:

1. Hybrid simulators to evaluate airplane hardling
gqualities;

2. Interactive graphics scopes to display and edit
datay

3. Graphics scopes to display and enter data;

4. Interactive text scopes to display and enter
data;

5. On-line =x-y plotters +o plot most graphical
ountput;

6. Drafting plotters to plot selected graphical
output;

7. Printers to print document guality output;

8. Card readers to input data.

6.3 PROJECT 2 - SUPERSONIC COMMERCIAL TRANSPORT

Design Project 2 was chosen to be the design of a
supersonic commercial transport. The Design Project 2 was
divided into design levels which represent distinct actaivities
that support the design process as shown in figure 6.1. The
computational regquirements described below are based on the
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identified «computationmal activities in the Preliminary Design
Levels (Levels ITI, III, IV, and V), together with an estimate of
the computational activities in the Product Levels (levels VI,
VII, VIII, and IX).

The 1nformation presented below for Project 2 is very
similar to the information presented for Project 1 except that
some of the values of the computational requirements parameters
are different.

6.3.1 Project 2 -~ Level II Computational Regquirements

A. Purpose

The purpose of Level II 1is to select the design
mission requirements that the candidate airplanes
defined and analyzed in the succeeding design levels
will be required to satisfy.

B. User Environment

The user environment for Level II is expected to have
the following characteristics.

1. The primary users of Level II will be the
Marketing amd-Preliminary Design groups.

2, In order to be responsive to the needs of the
users, the desired wminimam computational flow

time required to execunte the Level II analysis is
one half hour.

3. The user groups would use the Level II analysis
to execute approximately 45 design mission
selections during almost one half of the
Preliminary Design Phase.

4. The user groups should have 10 runs accessible
on-line. .

5. Most of the rumns 1in Level IXI will be single
executions; although within the level 1II
analysis, approximately 50 airplanes will be
generated to satisfy each design mission.
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Computational Size

Level II is comprised of the activities 1listed in
table 6.6. These activities are described in section
4.3.3.2 of Volume II, and the estimates of the
computational size of each activity are based on the
Technical Program Element descriptions 1in Volume V.
With allowances for recycling within the Level II
analysis, to select the design nmission will require
1700 ¢P seconds ({on the CDC 6600). The Technical
Program Elements which are required to perform the
Level IT analysis consist of approximately 35 boxes of
source cards.

The input to Level ITI is on the order of 1000 data
words together with marketing and economic data stored
in the data base. The output from Level IT is on the
order of 10,000 data words. The largest activity
within Level II has approximately 20,000 words of
input and output. The average data transfer rate is
on the order of 100,000 words in 1700 CP seconds.

Execution Frequency and Computational Load

Projecting the Level 1II activity +to' usage on a
continuval basis would result in the following
computational load on the IPAD System by each user
group:

45 EXECUTIONS ) (.5 D PHASEY [ 1 YEAR 10 MONTHS LEVEL TIME
TD PHASE YEAR 280 DAYS) \ 2l MONTHS PROJECT TIME

x {1 USER GROUP) = .033 GROUP_EXECUTIONS
DAY

(.07 GROUP EXECUTTONS) (.47 CP HOURS) (1.3 RERUN FACTOR)
\ DAY EXECUTION

= ,020 CP HOURS {ON THE CDC 6600)
DAY

Computational Flowtime

Based on the Technical Program Elements which are
candidates for first inmplementation of IPAD, an
estimate of the mininum computational flowtime
required to execute a run through the IlLevel II



Table 6.6

Computational Activity Flow= Project 2~ Design Level I}

Activity Activity Activity X Source
ID HNo. CP Sec * Input/Output (107) Iterations Cardghr
I1~2 216 4 2
11-3 | 50 3 1
I1-3 50 3 1
I1~-5 58 4 28
II-6 150 3 2
11-7 432 4 1
i1-3 50 3
Ii-3 50 3
I1-5 58 4
I1-6 150 3
I1-7 432 4
1696] 1o 35
(.47 Hours)
|
* ODC 6600
** Boyes
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analysis is approximately +two days. The Level 1II
analysis contains a Wthumbprint" analysis which
identifies approximately 50 candidate airplanes which
will satisfy each design mission. At present, it
Tegquires a man decision to select which airplane
configurations will be pursued in the analysis.

Man/Machine Interfaces

The types of man/machine interfaces desired for Level
IT would be:

1. Interactive text scopes to display and enter
datay

2. On-line x-y plotters to plot most graphical
output;

3. _brafting plotters +to plot selected graphical
output;

L. Printers to print document guality output;

5. Card readers to input data.

Project 2 - Level III Computational Requirements

Purpose

The purpose of Level III is to size an airplane which
wil]l perform the reguired design mission.

User Environment

The user environment for Level III is expected to have
the following characteristics.

1. The primary users of Level III will be the
Preliminary Design groups.

2. In order to be responsive to the needs of the
users, the desired minimum computational flowtime
required to execute the Level IIT anpalysis is two
days.

3. The user groups would use the lLevel III analysis
to execute approximately 115 configquration sizing
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runs during almost one half of the Preliminary
Design Phase.

4. The user groups should have 10 runs accessible
on-line.

5. Most of the runs in Level III will be single
executionsg; although occasionally there will be
nultiple configurations which are executed 1n
series (trade studies). It is expected that
confiqguration optimization type of runs will be
limited +to the first half of Level III "Geometry
Sizing" and that suboptimization within
particular activities will be accomplished during
the second half of Level III "Structure Sizing."

Conputational Size

Level IIY is comprised of the activities listed in
table 6.7. These activities are described in section
4.3.3.3 of Volume 1II, and the estimates of the
computational size of each activity are based on the
Technical Program Element descriptions in Volume V.
With allowances for rvecycling within the level III
analysis, to size the configuration's geometry and
structure will require 75000 CP secoads (on the CDC
6600) . The Technical Program Elewrents which are
required to perform the Level IIT analysis consist of
approximately 335 boxes of source cards.

The input to Level III is om the order of 10¢ data
words, and the output from Level III is on the order
of 10% data words. The largest activity within Level
IIT has on the order of 106 data words of input and
output. The average data transfer rate 1is on the
order of 107 data words in 75000 CP seconds.

Execution Frequency and Computational Load
Projecting the Level III activity to usage on a
continual basis would result in the following

computational load on the IPAD system by each wuser
group:
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Table 6.7 Computational Activity Flow — Project 2—Design Level I1l
Activity . Activity
ID Ne. Ccp Sec® | Input/Output | Iter— Source I No. CP Sec*® Input/OutputfIter— Sourca
{10%) ations | cCards** (0™ ations | Cardsa#
I11-2 10 3 11 ITI-11 50 3
I11-3 420 2 3 a7 1TT-12 8 3
I1I-5 3 3 8 ITI-132 8 4
ITI-6 66 3 5 I1I-14 500 5
ITI-% 29 4 11 ITI-15 60 5 3
I1I-2 10 3 ITI-16 2000 6
111-3 420 1 III-18 66 3
II1-5 3 3 2 I1I-19 446 6
ITI-6 66 3 ITT-14 560 5
II1-9 29 1 III-15 50 5 } 2
I1I-2 10 3 III-16 2600 6
III-3 420 4 III-18 66 3
I1I-5 3 3 2 I1I-19 46 6
III-6 66 3 111-23 | 2257/225 D> 6 35
II1I-9 29 s IIT-24 45 4 10 2
IT1I-11 50 3 ITI-26 30 5 2
111-12 8 3 5 I1I-2 ip 3
III-13 B 4 § 11I-3 420 ;
111-14 500 5 10 III~7 3 3 2
III-15 100 5 10 III-6 66 3
17116 2800 6 g0 b 1119 29 4
III-14 500 s 1112 10 3
III-15 60 5 2 II1-3 420 4 2
III-16 2000 & I11-7 3 3
ITE-18 66 3 1I1-6 66 3
I111-19 446 6 85 TII~9 29 4
III-14 500 5 I¥r-11 50 3
IEI-15 60 5 } 2 IIT-12 8 3
IIXI-16 2000 6 11113 8 4
ITI-18 66 3 1r1-14 500 5
IIT-19 446 6 111-15 50 5 3
IXI-2 10 3 1II-16 2000 6
III-3 420 4 2 III-18 66 3
ITI-7 3 3 I1I-19 446 6
IT1-6 66 3 ITT-14 500 5
ITT-9 29 4 ITI-15 60 5 2
1T1-2 10 2 III-16 2000 6
111I-3 420 4 III-18 66 3
I11-7 3 3 III-19 446 &
I11-6 66 3 ¥11-23 || 1027/225 [0> 6
III-9 29 4 III-24 45 4 5
I11-2 10 3 ¥IT-26 30 5
I11-3 420 4 TII-12 8 3
ITI~7 3 3 111-13 8 4
1T1~6 66 3 III-14 500 5
111-9 29 4 111-15 60 5 3
ITI-16 2000 5
ITI-18 56 3
ITI-19 446 5
ITI~14 500 5
1II-15 50 5 2
ITI-16 2000 6
E> First All Other III~-18 656 3
Iteration Iterations 111-19 446 6
111-23 |} 1027/225 1> 6
III-24 45 4 5
D 1st Stress Cycle III-26 30 5
ITI-31 200 6 18
. ITI~32 §00 3
cpe 6600 III-33 100 3
%% Boxes 74632 TJE 335

(20.73 Hours)
fl
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115 EXECUTIONS +5 PD PHASE 1 YEAR 10 MONTHS LEVEL TIME
PD PHASE YEAR 280 DAYS 2l MONTHS PROJECT TIME

x {1 USER GROUP) = .086 GROUP EXECUTIONS
B DAY

(.086 GROUP EXECUTIONS) {20.73 CP HOURS (1.3 RERUN FACTOR)
DAY EXECUTION

« 2,32 CP HOURS (ON THE CDC 6600)
DAY

Computational Flow Time

Based on the Technical Program Elements which are
candidates for first implementation of IPAD, an
estimate of the pinimum computational flowtipe
required to execute a run through the level III
analysis is approximately one month. The reason that
the computatioral flowtime is greater than Project 1
Level III is the requirement for finite element
structural analysis and the attenpt to solve
configuration flutter problems, instead of assessing
flutter penalties as will be done in Project 1 Level
ITT.

Man/Machine Interfaces

The types of man/machine interfaces desired for Level
IIY would be:

1. Graphics scopes to display and enter data;
2. Interactive text scopes to display amd enter
data;

3. On-line x-y plotters tc plot most graphical
output;

4. Drafting plotters +to plot selected graphical
output;

5. Printers to print document guality output;

6. Card readers to input data.
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6.3.3 Project 2 - Level IV Computational Reguirements

A. Purpose

The purpose of Level IV is to refine the configuration
determined in Level III.

B. User Environment

The user environment for Level IV is expected to have
the following characterastics.

1. The primary users of Level IV will be the
Technology Staff groups and to some extent the
Preliminary Design groups.

2. In order tc be responsive to the needs of the
users, the desired minimum computational flowtime
required to execute a configuration once through
the Level IV analysis is two weeks.

3. The user groups would use the Level IV analysis
to exacute approximately 49 configuration
refining runs during almost one half of the
Preliminary Design Phase.

4. The user groups should have 4 runs accessible on-
line.
5. Since the Level IV analysis is gquite long and

complex, most of the rumns using the analysis will
be linited to having each technology discipline
execute their own analyses using the latest
information in the data base, and update the
information in the data base with the results of
their analyses. Therefore, even though the Level
IV Detailed Design Network (Section 4.3.2.1 of
Volume IIXI) indicates that Level IV is a serial
analysis, most of the time, the activities will
be executed in parallel. The exceptions to this
will be that Level IV analysis may be executed in
total once in the begirning of the Level IV
phase, and once in total after all the technology
disciplines are satisified with their individual
analyses of the Level IV configqurations.
Optimization type of runs will be limited to sub-
optimization within particular activities.
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E.

Computational Size

Level IV is comprised of the activities 1listed in
table 6.8. The activities are described in section
4.3.3.4 of Volume II, and the estimates of the
computational size of each activity are based on the
Technical Program Element Descriptions in Volume V.
To make one complete execution through all the options
within the Level IV analysis ¥%ill require 60 CP hours
{on the CDC 6600) in a batch mode. Under normal
circumstances, the computational tinme ¥ill be
considerably longer because of the necessity of having
to go back and re-execute previous levels, and because
there will be a congiderable amount of on-line,
interactive activity required to sapport the Level IV
analyses. The Tecknical Program Elements which are
required to perform the lLevel IV analysis consist of
approximately 650 boxes of source cards.

The input to level IV is on the order of 105 data
words, and the output from Level IV is on the order of
108 data vwords. The average data transfer rate 1s on
the order of 108 data words in 2 x 105 CP seconds.

Execution Freguency and Computational Load

Projecting the TLevel IV activity to usage on a
continual basis would result in the following
computational load on the IPAD system by each user
group:

40 EXECUTIONS -5 PD PHASE 1 YEAR 10 MONTHS LEVEL TIME
PI} PHASE YEAR 280 DAYS 24 MONTHS PROJECT TIME

x {1 USER GROUP) = .03 GROUP SXECUTIONS
DAY

.03 GROUP EXECUTIONS | (60.k1 cp nours) (2.3 remu FACTOR)
DAY EXECUTIONS

= 2,36 CP HOURS (ON THE CDC 6600)
DAY

Computational Flow Time

Based on the Technical Program Elements which are
candidates for first 4inplementation of IPAD, an

71



ORIGINAYL PAGE 1§
OF POOR QUALITY

Table 6.8 Computational Activity Flow— Project 2—Design Level [V
Activity Activity
iD No CP Sec® Input/Qutput| Iter Source ID No. cP Sec* Input/Output | Iter Sourca
(10%) ations | cards® {16%) ations | Cards**
V-4 250 4 6 1v-35 500 [
Iv-14 1300 4 60 Iv-38 45 4 10
IV-5 1885 4 22 iv-36 690 3
iv-6 50 2 5 v-37 60 4
-7 310 3 2 V.45 550 5
iv-8 60 5 200@ Iv-48 500 €
| 1v-s 1685 4 IV-49 844 5
V-6 50 2 1V-50 200 5
-7 310 3 Iv-51 2700 6
Iv-12 300 3 2 IV-53 500 5
iv-5 1845 4 IV-54 200 5
1v-6 50 2 1v-55 8000 6
Iv-7 - 310 3 Iv-57 550 5
1v-12 300 3 Iv-49 844 5
-17 13 3 16 1V-50 200 5
IvV-19 1175 5 40 1Y-~51 2700 6
Vv-22 200 4 37 Iv-53 500 5
1v-23 500 5 Iv-54 260 5
IV-27X% 200 5 5 IV=55 8000 [
Iv-27 20000 5 10 IY-57 550 5
IV-26 500 5 10 1Y-35 S00 6
1v-28 11200 6 aob Iv-38 45 4 s
IV-26 500 5 IV-36 690 3
V=27 200 5 2 IV~37 60 4
1v-28 8000 6 1v-45 550 5
Iv=-30 422 6 Iv-62 500 6
Iv-31A 140 5 Iv-63 1885 4
Iv-26 500 5 V=49 884 5
Iv-27 200 3 3 V=50 200 5
1v-28 8000 € 1Y-51 2700 5
Iv-30 422 [ Iv-53 500 5
Iv-32 190 6 Iv-52 200 5 3
1Vv-26 500 5 1V-55 8000 &
Iv-27 200 5 2 Iv-57 550 5
Iv-28 8000 ] Iv-62 500 6
1V-30 422 6 Iv-63 1885 4
1v-32 190 6 1v-4 250 4
EM~1 10 6 78 V-5 1885 4
BM-2 2000 6 18 V-6 50 2
EM-3 1230 3 7 Iv-7 310 3
EM-4 1000 4 1 1v-12 300 3
EM-5 147 5 1 v-17 13 3
EM-7 150 4 20 Iv-19 1175 5
EM-8 400 5 a 1v-22 2920 4
EH-3 75 4 5 Iv-23 200 _5
EN-10 600 6 IV-48 500 6
Eif+11 IV-49 844 5
IV-50 200 5
V=51 2700 6
- Iv-57 550 5
V=62 500 6
b Total IV-63 1885 4
V-6 S0 2
[f> aerothermai mnvironment V-7 30 3
Iv-12 300 3
b Thermal Analyzer V=17 13 3
Iv-19 1175 5
B> 1st stress cycle IV-22 2920 1
V=23 200 5
* CDC 6600 IV-66 2600 1
**  Boxes 217478 10° 657
('5'0.41 Hours)
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6.3-4

A.

estimate of the minimum computational flowtime
required to execute a run throughk the Level IV
analysis is approximately two months for one design
cycle and four months to complete all the iterations
required for a converged design.

Man/Machine Interfaces

The types of man/nachine interfaces desired -for Level
IV would be:

1. Graphics scopes to display and enter data;

2e Interactive text scopes to display and enter
data;

3. On-line x—y plotters to plot nost graphical
ountput;

4. Drafting plotters to plot selected graphical
output;

5. Printers to print document gquality output;

6. Card readers to input data.

Project 2 ~ Level V Computational Requirements

PuTpose

The purpose of Level ¥V is to verify the configuration
established 4n the previous ‘levels by corducting wind
tunnel tests and more refined analyses on the
configuration's components.

User Environment

The user environment for Level ¥ is expected to have
the following characteristics.

1. The primary users of the Level V will be the
Technology Staff groups and the Preliminary
Design groups.

2. In order to be responsive to the needs of the
users, the desired minimum computational flowtime
required to execute a confaiguration through the
Level V analysis is two months.
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3. The user groups would use the Level V analysis to
execute approximately 8 configuration
verification exercises during two thirds of the
Preliminary Design phase.

4. The user groups should have 2 runs accessible on-
line.
5. Since the Level ¥V is very long and complex, it

will be used in a parallel manner in which each
technology discipline will execute +their own
analyses using the latest information in the data
base and update the information in the data base
with the results of their analyses. Therefore
Level V will never be executed in its entirety at
any one time, but instead, will consist of
parallel, partial executions. Optimization +type
of runs will be limited to suboptimization within
particular activities.

Computational Size
Since most of the activities in the Level V analysis

will be perfomed in a parallel sequence--rather than
in a serial sequence which existed in the previous

levels, it is not feasible to develop +the
computational activity flow in the same manner as was
done for the previous levels. Instead, each

technology discipline was asked to estimate the
computational size of their Level V analyses as a
whole, rather than for each individual activity.
Consequently, the Level V computational activity sizes
shown in table 6.9 represent each +technical
discipline's estimate of the effort required to
support the Level V analysis for eight configurations
over an eight month period. The +total estimated CP
time for Level V is 1360 hours {on the CDC 6600). The
Technical Progran Elements which are required to
perform the Level V analysis consist of approximately
B90 boxes of source cards.

The inpat to Level V is on the order of 106 data
words, and the output from Level V is on the order of
10® data words. The average data traansfer rate is 5
x 108 data words in 5 x 10% seconds.



Table 6.9 Computational Activity Sizes by Technical Discipline
Project 2—-Design Level V
CP Sec® | Source Cards Input/Output
Technology (x103) (Boxes) (Words—-10%)
— ———————— —————
Aerodynamics 300 100 6
Flight Controls| 114 30 8
Propulsion 2 10 4
Loads 330 150 7
Stress 3400 200 8
Flutter 36 8 7
Weights 88 250 7
Design 186 60 7
Other 446 81 7
"4902 889 10°
e ————— |
. : _ 4902000 _
CP Time/Configuration = 136007 (8) 170.21 Hours

* CDC 6600
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Execution Pregquency and Computational Load

Projecting the Level V¥ activity +to usage on a
contingal basis would result in the following
computational load on the IPAD system by each user
group:

8 EXECUTIONS .5 PD PHASE 1 YEAR ( 16 MONTHS LEVEL TIME
PD PHASE YEAR 280 DAYS 24 MONTHS PROJECT TIME

x {1 USER GRQUP) = .0095 GROUP EXECUTIONS
DAY

.0095 GROUP EXECUTIONSY {170.21 CP HOURS) (1.3 RERUN FACTOR)
DAY EXECUTION

= 2,10 CP HOURS (ON THE CDC 6600)
DAY

Computational Flowtime

Because of the complex nature of the Level V analysis,
most of the technical disciplines'® actaivities will be
done in parallel. This parallel operation may have
serious implications for handling the updating of
information in +the data base and the concept of a
W4ob" within the context of the IPAD Paper Design.
The implications are_ that each technical discipline
will want to execute their activities (jobs) with the
most current, official® information in the data base
and will want to keep re-executing their jobs as 1long
as information pertinent to their analysis continues
to change. Therefore, no group is finished executing
their jobs until every group is finished, because most
of the activities are interdependent. The minimun
computational flowtime {excluding wind tunnel
activities) to «cycle ome configuration through the
level V analysis is three months for one design cycle
and six months to complete all the i1terations required
for a converged design.

Man/Machine Interfaces

The types of man/machine interfaces desired for Level
V would be:

1. Hybrid simulators to evaluate airplane handlang
gqualities:



2. Interactive graphics scopes to display and edit
data;

3. Graphics scopes to display and enter data;

4. Interactive text scopes to display and enter
data;

5. On-line x~-y plotters to plot most graphical
output;

6. Drafting plotters to ©plot selected graphical
output;

7. Printers to print document guality output;

8. Card readers to inpat data.

6.3.5 Project 2 — Level VI-IX Computational Requirements

A.

PUrpose

Levels VI through IX are the product levels in which
the functions of Product Detail Design (Level VI),
Product danufacture (Level VII), Product Verification
{Level VIII), and Product Support {Level IX} are
performed.

User Environment
The user environment for ILevels VI through IX is
expected to have the following characteristics.

1. The primary users of Levels VI through IX will be
the Product Design groups with support from the
Technology Staff groups primarily in Level VI.

2. The user groups will be using IPAD throughout the
duration of the product levels which is expected
to be a period of three years.

3. The activities within Level YI are expected to be
similar to those within Level V in which there
will be parallel executions of detail design and
analysis activities by each technical discipline
using the latest information in the data base and
updating the data base with the results of their
Wwork. Therefore, Level VI will never bhe executed
in 1ts entirety at any one point in tainme.
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Da

Optimization +type of rums will be limited to
suboptimization within particular activities.
Beyond Level VI, the primary usage of the IPAD
systen would be to receive, store, and
disseninate information using the IPAD data
management system and the data base.

Computational Size

Since the design and analysis activities in Levels VI
through IX are executed 1n a similar manner to those
in Level Vv, 1n a parallel, independent seguence, a
representative of each technical discipline was asked
to estimate the computational size of their analyses
within Lavels IV through IX as a vhole. The
corputational activity sizes shown in table 6.10
represent each technical discipline's estimate of the
effort Tequired to support the product levels over a
three vyear period. The total estimated CP time for
Levels IV through IX is 3557 hours {on the CDC 6600),
The Technical Program Elements which are required to
perform the analyses in Levels VI through IX consist
of approximately 1070 boxes of source cards.

The input to Level IV 1s on the order of 10% data
words, and the output from Levels IV through IX is on
the order of 109 data words.

Execution Frequency and Computational Load

Projecting the computational activities within Levels
VI through IX to usage on a continual basis would
result in the following computational load on the IPAD
system by each user group:

1 EXECUTTION .33 PRODUCT PHASE 1 YEAR 36 MONTHS LEVEL TIME
'PRODUCT PHASE YEAR 280 DAYS 36 MONTHS PROJECT TIME

x {1 USER GROUP)} = .00119 GROUP EXECUTIONS
DAY

.0011.9 GROUP EXECUTIONS 3557 _CP_HOURS ( 1.3 RERUN FACTOR)’
DAY - - EXECUTION

= 5.51 CP HOURS (ON THE CDC 6600)
DAY



Table 6.10 Computational Activity Sizes by Technical Discipline
Project 2—Design Level Vi~ IX

CP Sec* | Source Cards Input/Output
m?echnologz | (x103) (Boxes) (Words-10%)
m;erodynamics l 1200 150 7

Flight Controls 228 60 8
Propulsion 8 10 5
Loads 1000 150 7
Stress 5100 200 9
Flutter 36 10 7
Weights 350 250 8
Design 3720 150 9
Other 1164 98 8

12806 1078 ].09

1 R e E———
CP Time/Configuration = EE%%%%QQ = 3557.22 Hours

* CDC 6600
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E. Computational Flowtinme

Becanse of the complex nature of the design and
analysis activities within the product levels, most of
the technology discipline's activities will be done in
parallel over a long period of time. Beyond doing the
required amount of detailed design and analysis to
obtain an airplane which can be manpufactured,
certified and put into service, additonal effort will
be spent on solving problems, design improvements,
customer variations, and keeping information current.
This means that the computational flowtime for product
levels will last from the product go-ahead to the end
of the progran.

F. Man/Machine Interfaces

The types of man/machine interfaces desired for Levels
VI through IX would be:

1. Hybrid simulators to evaluate airplane handling
gqualities;

2. Interactive graphics scopes to display and edit
data;

3. Graphics scopes to display and enter data;

4. Interactive text scopes to display and enter
data;

5. On~line x-y plotters to plot most graphical
output;

6. brafting plotters to plot selected graphical
output;

7. Printers to print document guality output;

8. Card readers to input data.

6.4 PREDICTED TOTAL IPAD ENVIRONMENT

Using the information presented in the  computational
requirements section of each level of each project, it is
possible to formulate what the demand on an IPAD system might be
in terms of hardware capacity and performance in order to
accomplish the computational tasks of a Project 1 and a Project
2 design effort.
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6.4,1 Computational Load

Based on the computational requirements presented in the
previous sections for each level of Project 1 and Project 2,
estinmates of the total computational load on an IPAD System can
be formulated. These estimates are based on the computational
loads generated by continmnal, averaged executions of each design
project--rather than using the computational loads generated by
executing a single design project. The reason for this is that
a single execution of a design project will generate peak
computational loads as shown in figqure 6.3, because of the
requirement that a certain number of configurations have to be
executed within a certain specified time in order to complete
the design project within the specified time period. The
continual, averaged computational loads are based or the average
executions per day for each level and the CPU time regquired to
execute each level as summrarized in figures 6.4 and 6.5 for the
preliminary design levels.

Table 6.1l shows the total execution time (CDC 6600 central
processor) estimated for each project. This time 1s based on a
scenario which represents an estimate of the number of
configurations to be 1investigated 1in each level during the
preliminary design phase of an airplane development cycle. In
addition, the table presents the computational flow time ,
required for one design cycle and to reach a converged design
solotion. The computational flow time is based on the design
networks in Volume II and is estimated from the—computational
activities shown in Tahbles 6.1 through 6.9. #®here experience
pernits, a comparative time estimate is included to show +the
equivalent time required for execution of similar programs using
standalone batch processing.

It will be noted 1m Table 6.11 that the standalone time and
the integrated time to develop the converged design of a
subsonic airplane is shown to be unchanged by the integrated
environment., This 1illustrates that the critical path for the
developnent of a subsonic aircraft is not established by the
calculated data Teguired to define the aircraft. The items that
establish the critical path for a well defined problem such as
subsonic commercial transport are expected to remain unchanged.
These include items such as customer input and coordination,
development testing, management assessment of technical risk,
flight testing, etc. However, for poorly defined problems such
as a supersonic commercial transport, the critical path may be
the development of technical data. Development cycles of # 1/2
years for a subsonic transport and 8 years for a supersonic
transport were assumed as the basis for the estimate of the
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Table 6.11

Summary Execution Time and Computational Flow Time
Project | and Project 2

ESTIMATED ESTIMATED ESTIMATED COMPUTATIONAL FLOW TIME (CDC 6600)
DESION | confratmaTioN | T ONE DESIGN CYCLE CONVERGED DESIGM CYCLE
LEVEL INVESTIGATIONS | CP HOURS
PEMS e (cofpf:w ) stasoavome | inTEcRATED | STAOALONE | \WTEGRATED
INTEGRATED INTEGRATED ENV IRONMENT ENV LRONMENT
ENVIRONMENT | ENVIRONMENT
1 30 15 (3% 2 Weeks 2 Days *e e
= | 100 125 (14™ 8 Weeks 2% ¥eeks an ™
L]
Ou
-2t 30 750 (25%) Y I Month *h% 2 Months
-
= |y 8 300 (37%) | #*+ 1§ Months | ®*% 3 Months
S 2 15 to TR
i5 17 to 15
i g i1 Thru ¥ 168 1190 Months Months
» | ¥1 Thru 1X i 1080 42 Months | U2 Months
1} Thru §% 169 2e*rrE 54 Months | 54 Months
7] s 25 (4% 2 Weeks 2 Days % e
Z | 15 2415 (21%) sx | Month T -
[~
~ 2 v 40 2400 {60™) e 2 Months e % Months
5 E
25|V 8 1300 {170%) sE® 3 Months *e % 6 Months
S = g
2= 27 to 30
a. E H Thru ¥ 208 6140 op— a—— %% Months
wl -
& | vt Thew 1x b 3560 LA 74 Months
7] TR - e e
h I Il Thry IX 209 g7 B e 208 96 Months
_ R

® (P KRS FOR EACH CONFIGURATION EVALUATED
*% | DESIGH CYCLE PROVIDES A CONVERGED DESIGN AT LEVELS 41 AND 1#1 ( SEE VOLUME 11 SEC 4.1 )

* % % N0 EFFORT WAS MADE TD CORRELATE STANDALONE COMPUTATIONAL FLOWTIME TO THESE IPAD LEVELS
# & % $D0ES KOT INCLUDE ALLOWANCES FOR RERUN OR OTHER CATEQORY INCLUGED % FIGURES 6.G6,6.7,A%D 6.8
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computational requirements +that <the IPAD System and host
hardware must support.

6.4.2 Host Hardware Capacity

Based on the computational loads generated by the execution
of each 1level of Project 1 and Project 2, together with other
information regarding the Techmnical Program Elements which are
candidates for first implementation of IPAD, imformation cam be
developad which will aid in specifying the host hardware
capacity reguirements for the IPAD System. These requirements
are shown in figqure 6.6 for Project 1 and in figure 6.7 for
iroject 2 which contain the £following information for each

evels

A. CPU Hours ({on the CDC 6600)

This item represents the computational 1load which
would be required to execute a project on a continual,
averaged Dbasis. The project would consist of one
continual preliminary design effort {Levels II throuagh
V) and a fraction of one product design effort (Levels
VI through IX). 1In other words, it is unlikely +that
there will be continual product design effort because
of limitations in resousrces and narkets, Therefore,
the wuser groups per year for the Project 1 product
levels is reduced to 1/2, and the user groups per year
for the Project 2 product levels is reduced to 1/8.

B I/0 Rate ({Words/6600 CP Second)

This itemr represents the input/outpat rate for typical
Technical Program Elements in each level whichk are
candidates for first implemenation of IPAB., This
information was gathered from the existing Technical
Program Elements (day files) in the form of
{sectors/CP Second) X (64 words/sector). For example:
Technical Program Element STR~-6 (Program ATLAS) used
in Level V of Project 1 and 2 has an I/0 rate of 630
sectors/second.

C. Data Storage {Millions of 60 Bit Hords)

The data storage estimates are based on the amounts of
sectors of data generated by typical Technical Progran
Elements in each level multiplied by the estimated
number of runs that the user groups would desire to
store on-line for each level.
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CPU HOURS | /0 RATE DATA STORAGE _SIMULTANEOUS

(COC 8500) | (WORDS/6600 CP SEC) | (~60 BIT WORDS) |INTERACTIVE PORTS
l ~.1 ~ 40,000 ~1 i ~1
R | B 30,000 1 1
L 4 30,000 10H1 2
30,000 154 5
40,000 X 250 # .10
Vi- |le 80,000 125 # 10
OTHERS “ ~ 100,000 ~ 5M o~ 3
57,000 4704 32

(WEIGHTEDR MEAN)

TOTAL H
o

BASED ON ONE AVERAGE 24 HOUR PERIOD

Figqure 6.6

Project |— Subsonic Commercial Transport —

Host Hardware Capacity Requirements
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(WEIGHTED MEAN)

GPU HOURS 1/6 RATE DATA STORAGE | SIMULTANEOUS
LEVEL | onc 6600 | cHORDS/6800 CP SEC) | (~60 BIT WORDS) |INTERACTIVE PORTS
% e — ‘J'-"_* e

! . ~ 40,080 il -

n A 30,000, 'K 1

i 2.3 40,000 400 2

}] 2.4 40,000 3001 §

y 2.1 60;000. 1000 0.
Vi —1X L1 80,000 10008 10
oThERS | ~ 2.0 ~'100,000 ~ 5 ~ 3§
voraL || 8.7 59,000 28501 32
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® BASED ON. ONE AVERAGE 24 HOUR PER10D

Figure 6.7

Project 2—Supersonic Commercial Transport —

Host Hardware Capacity Requirements




W
v

bB. Simultaneocus Interactive Ports

The number of simultaneous interactive ports for each
level are based on the estimates of the number of
interactive ports required to support each design
effort with Technical Program Elements which are
candidates for first implementation, together with an
estimate of the numher of simultaneocus users. The
line represented by Level I 1is devoted +to continuing
research which 1is described in Section #.1 of Volunme
ITI.

The line represented by "others¥" inclndes Technical
Progran Element development, checkout, and
maintenance. Beyond first implementation, it is
expected +that all items affecting hardware capacity
are expected to increase.

In order to denmonstrate what the derand on an IPAD systen
might be 1f a large aerospace company, such as The Boeing
Company, were to comnmit to use the IPAD System, the components
of the hardware capacity sere scaled from the two projects to
represert the following company mix of design efforts:

. 7 Continual Project 1 Prelimipary Design Efforts

. 1 Project 1 Product Detail Desigp Effort committed to
production status at two year intervals.

- 1l Continual Project 2 Prelimainary Design EBffort

« 1 Project 2 Product Detail Design Effort committed to

production status at eight year intervals.

This company mix of design efforts would generate the
hardware capacity requirements shown in figure 6.8.

6.4.3 Hardwares Performance_ Requirements

The hardware capacity regquirements were used to derive the
hardware performance reguirements shown in figure 6.9 for the
following cases: )

A. One continuous Project 1 effort

B. ‘One continuous Project 2 effort

C. A contrnuous company mix effort.
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CPU HOURS 1/0 RATE DATA STORAGE SINULTANEDUS
LEVEL 1 coc 6600) | (HORDS /6600 cP SEC) | (~ 60 BIT BRDS) |INTERACTIVE PORTS
| ~1.0 ~ 40,000 ~1H : ~ 3
(l l .3 36,000 14 i
m;IL 5.1 30, 600 110 1 3
IV 16.4 30,000 600 M 20
v " B.3 45,000 2750 ¥ 20
VI -1X% 2.0 70,000 1000 1 — 50
OTHERS " ~9.0 ~ 100,000 ~ 40K ~ 3
TOTAL || 42.1 50, 000 4510 H 100
(WEIGHTED MEAN)
© BASED ON:

© EIGHT CONCURRENT DESIGN EFFORTS (7 Project 1 and 1 Project 2)
o ONE AVERAGE 24 HOUR PERIOD-

Figure 6.8 Company Mix— Host Hardware Capacity Requirements
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PERFORMANCE CHARACTERISTIC ‘ PROJECT 1 PROJECT 2 COMPANY MIX
r——— ——

—_—
* 37 GENERATION .6 CDC 6680 | .8 CDC 6600 | 3.8 CDC 6600
SCIENTIFIC MACHINE
*INSTRUCTION RATE 3.5 3.5 3.5
(1868 INSTRUCTIONS/SEC)
e CPU POWER |- e —_
o 4th GENERATION 04 .08 .32
VECTOR/ARRAY PROCESSOR
o INSTRUCTION RATE AQ 40 40
(108 |NSTRUCTIONS/SEC)

o DATA STORAGE 28 141 2170
(BILLION BITS)

¢ SIMULTANEGUS INTERACTIVE PORTS 32 32 100

* GRAPHIC CONSOLES 4 4 12

Figure 6.9 Project 1,Project 2,and Company Mix Hardware Performance Requirements
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The CPU power required is expessed both in terms of present
third generation hardware (CDC 6600) and estimated <fourth
generation vector/array pProcessorse.

The requirements presented are based on extensive estimates
from existing OM's whick nmay be candidates for first
implementation. Beyond first implementation, the hardware
performance requirements would be expected to increase as more
sophisticated OM's are included and the capability of
interactive graphics is expanded.

The information shown for the company mix is considered
realistic for a large aerospace company. It compares to the
Boeing Company requirements for the 1966 +througk 1969 time
period wher two CDC 6600 computers were used to support the
engineering development of commercial airplanes and at that
time, one CDC 6600 wvas dedicated to the SST development effort,
Other design organizations within the company were using
additional computing facilities.
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7.0 CONCLUSIONS

It 15 concluded that development of a computing systen
which provides the capabilities identified 1n sections 3 thru §
will provide improved control of complex design problems and
improved communications of +technical information within the
using community and with other organizations. These
lnprovements during desaiga should rTaise the guality of the
product technical definition, aid in +the identification and
trackang of program costs, and improve the capability of the
final product. Improved communications between engineering and
manufacturing organizations and improved technical definitions
“of the product should decrease the number of engineering changes
rejuired during the manufacturing process, which should reduce
both recurring and nonrecurring product costs.

93



8.0 USER RECONMENDATIONS FOR IMPLEMENTATION

8.1 PURPOSE

The purpose of user recomnmendations for implementation is
to identify a desired strategy for the initial development plan
for the IPAD System. Subsequent extension during the long term
development is also considered. The recommendations given here
are in the context of user requirements for the design of the
IPAD System.

8.2 THNITIAL IMNPLEMENTATIGN

The 21nitial implementation of the IPAD System should
provide all of the capabilities required to support the user~
terminal-System interface requirements specified in sections 3,
4 and 5.

Specifically the IPAD System must provide for entering
technical programs and data 4into the data base, modifying
programss and data, displaying data, constructing and executing
jobs, and continuity of the day-to-day activities.

It is recommended that NASA langley Research Center
identify the application standards to be included in the initial
IPAD data base. Items such as standard atmosphere, dimensional
units and standard conversions, nulerical constants, physical
constants, physical variables, etc., #must be selected and
specified prior to or during initial implementation.

Credibility of the IPAD technical capability reconmpended in
Volume IT will be highly affected by the training available to
the initial users of IPAD. Relatively fev design engineers have
been exposed to a computer oriented environment. Therefore, a
transition fronm design nethods which use only ligited
copputational capability will be reqguired. It 1is recomhended
that a training program be developed to include familiarization
in computer capabilities and IPAD applications. It is further
reconmended that IPAD System personnel who are highly trained inm
the use of the IPAD System and facilities be available to assist
the using engineers.

8.3 LONG TERM DEVELOPMERNT
The lonqg term development of the IPAD System should support

project planning capability and migratiom to later generation
host computers. Additional «capabilities and new facilities
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should be added when they are required to support the
development and use of new techanical code. In addition,
improvements should be incorporated as problems are identifaied.
The availability of next-generation host computers will also
provide new potential for the IPAD System as well as increased
computing power. Development work done in support of other
major systems should be monitored for ideas which may be useful
for the IPAD Systemn. These eavents c¢annot be described or
scheduled, but the IPAD System mnuost be extended when it is
prudernt in order to provide the user with 1increased computing
power and broader support from the IPAD Systen.
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APPENDIX A

IPAD USEE-S5YSTEM INTERACTION

Volume ITI presented the user requirements £for +the user-—
system interface, and a language for the user to communicate
with the IPAD Systenm, Appendix B of Volume IV presents a
generalized work £low model, Examples in this 2Appendix will
denmonstrate how typical users will apply the IPAD System to the
genaral work flow model to perform assignments within the IPad
environment.

Eefore presentang this picture of the user-System
interaction, several terms must be described. The total work in
the design of a product is divided into four stages: project,
task, subtask, and job. The project is the highest division,
above which there 15 no meaningful division, and at which, all
reporting would become complete. Each project will be divided
inte tasks, which will in turm be divided into subhtasks. The
tndividual user is identified at the subtask level, and his
subtask is done by executing a sequence of jobs.

The size of a project and the related task, subtask and Fjob
sizes are not necessarily large. TFor exasple, if the project
were to design an SST, then one task would be to design a delta-
winged SST, ona subtask would be +o confiqure candidates din
design Level III (see sectiomr 4.3.2,1 of Volume II). This would
obviously be a large project. On the other hand, if the project
were small, for example, to find uses for stability augmentation
systems (S5A5) om an SST, then one task would be to use SAS to
improve ride quality, one subtask would be to improve the ride
quality by changing the SAS electrorics and not the airframe
structure, and ore job would be to synthesize the ride guality
gains and filters. These examples do not amply that all
activity must be partitioned into project, task, subtask and
job. A user may employ IPAD to execute a subtask that 1s not
related to a task or a job.

The generalized work plan presented in Volume IV has five
activities: plan, prepare, nmodify, work, report. 1In the user-
system interaction presented below, these five activities are
identified. Plan-modify and prepare-modify are combined and
shown together.

The user-System interaction network shown on figure Al may
be =seen from two points of view. The mnetwork as a whole
presents the major steps of the complete process for a project.
But at the subtask level, where the individual user is active,
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the perspective changes and the network shows in considerable
detail the user-System interaction, It i% not necessary for a
knowledgeable user to perform all the steps of this part of the
network to do his subtask. PFor example, consider the user vwho
knows which job he vants to execute, and has identified the data
sets to use, In this case, his actaivity would start at Block 33
to set up and execute the job. The execution will be done 1in
Block 38, and examination of the results will be done in Blocks

39 to 48.

The user-System interaction network is presented, followed
by five procedures used 1n-the network. The networks use the

following blocks.

M
MANUAL (USER)
OR _—
Decision Block
, ¢
COMPUTER (IPAD)
OR ~ Decision Block
i c/M
4 oR USER & IPAD JOINT

Decision Block

— ACTIVITY BLOCK

PROGEDURE

~ PRGCEDURE BLOCK

Bach of these blocks will be numbered, for ease of relating
the discussion of the block to the network drawing representing
the activity.

A.1 USER-SYSTEM INTERACTION NETWORK,

This network presents the general activity done by the user
in the IPAD environme=nt, from the planning stage at the project
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Figure Al. iPAD User/System interaction
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Figure ALl IPAD User{Sysiem Interaction A3



level, to the exscition of a single job,:ito the Teportimg of the
work as it is completed. The network is shown on figure Al.
The first blocks are in the plan-modify activity of the work
Elow model.

Block_1l. potermine Projegt Objectives ard Known
taforpatiop--This is a management tuncticn, to collect background
informationr for the planning of the project. This is supported by
IPAD in gathering information related to previous projects from

the data hase.

Biock 2. Devalop Project Plan—-The managers will develop,
comprehensive plahs and sSchedules for the project, using the
information gathered in Block 1.

Block 3. _Store_Proiject Plan—--The project plan is stored im
IPAD, and becom=s accessible by the Hanagement Information
System, This project plan is in the forw of a netvork of tasks.

Block _4. Egamine Project Plan--This activity marks the
deyelopment of the plan for a particular task. Using +the
Management Information System and the stered project plaa, the
next task tc be done is located. The objectives of this task
and the ainformation available at that tinme are also obtained
from the data hase.

Block 5.  Devzslop Task Plapn~—-A plan of the subtasks teo do
the task is developed, using the information from Block 4. This
plan of the subtasks is stored in the data base, and thus is
available for monitoring by the Management Information Systenm.

Block 6. Replan?--The project plan (task network) must be
modified, and the activity returns to Block 2 if a tesk plan
cannot be daveloped, either because sufficient information will
not be availabls at that point ir the project plan, or because
the objectives cannot be met,

Block _7. Stor=_Task Plan--The subtask network describing
the task plan 1s stored in the data base, where it <can be
accessed by the Management Information Systen.

Block 8. FExaminz Task Plan--This activity marks the point
where the individual user 1s first seer in the IPAD enviromment.
The user examines the task plan and determines what information
iz available and what the objectives are¢ for the subtask that he
is to do. The Management Information Systemw w%ill also inform
the user of the proper schedule for his subtask.

Block 3. _ _Plap PBesign-Apalysis Betwori~-The uaser will
develop the network of design arnd analysis Jjobs that ke pnst do
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to complete the subtask. This planning uses the ainformation
developed in Block 8.

Block 10. Replan?--The subtask plan (job network) must be
modified, and the activity returms to Block 5 if a subtask plan
cannot be developed, either because sufficient information will
not bhe available at that point in the project plam, or because
the objectives cannot be met.

Block _11. _Plan Computational Activity To Do_Job--The user
develops a computaticonal plan for the job, including the modular
activities and their sequence. A list of input data and output
data are prepared.

Block_ _12, Search Input-Output List for Available Joh-—-Tt
is possible that a satisfactory job is already available ain the
IPAD environment. The wuser commands the System to search the
input-outpant lists of the jobs known to the System, and to
andicate any Jjobs +that satisfy the input-output list that he
prepared in Block 11.

BElock 13. _Job With Right Input-Output Available?-—-If the
System finds one or more jobs with the correct input-output, the
activaity proceeds to Block 1#. If not, the activity goes to
Block 15.

Block 14, Does  Job Have Right OQOM's~--The user must
determine i1if any of the available-jobs with the correct input-
output also have suitable OMts. The user makes this
determination by having the System supply him with the abstracts
of the OWM's in the Jjobs. If a job is found that uses OM's
accepted by the user, then the activity moves +to Block 23 tp
prepare the input data, If not, then a new job must be built,
and the activity goes to Block 15.

Block_15. Are Redquired OM's ip Library2--The user searches
both his subtask library and the commupity library to see 1f
satisfactory OH's are available, but not yet collected into a
job. This search i1s done by giving the System a list of OM key
words, then reading the abstract of any candidate OM's found by
ths System. If satisfactory OM's are found, the activity goes
to Block 21, to build the ONM's into a job. If the user cannot
find. suitable OM's to build his job, or can find none at all,
then the activity goes to Block 1l6.

Block_ _186, Are reguired CM's in Iibrary?--The OH's to be
built or modifiad will be done with CH's, The necessary CH's
may already exist in the 1user's subtask 1library or in the
community library. Thils is determined by searching the library




looking ¥for CH's with key words matching those supplied by the
user, If all the reguired CH's are available, then the activity
proceeds to Block 20 to build the desired OM's, If suitable
Cl's are not available to build the DM's, or not available at
all, the activity goes to Block 17.

Block_ _17. Provide _Reguired _CM!s2?2~--If new CK*'s are
required, the user will decide either to supply the new code or
not +o, If the choice is to supply new code, then the activity
moves to Block 19, where the CH's are modified. TIf the user
chooses not to provide the missing code, then the activity goes

o Block 18.

Block _18. Replan--At this point, the user has decided that
the needed code 15 not available, and that he is not going to
supply that code. Three options are available. The activity
can go to Block 5 to develop an entirely new task plan, with
subtasks different from the current ones. Or, the activity can
return to Block 9, where only the form of the job ¥ill be
replanned., ZLastly, the activity can return to Block 11, where
the plan of the computational activity for the job is revised.

Block 19. _Procedure: Bunild or HModify CHM!s--This procedure
is presented in section A.4 and 1s the means of entering new
code and collecting it into Ch's.

Block 20. _Procedure: _Build or Modify OM!s--This procedure
is presented 1in section A.5 and 1s +the method whereby the
required OH's are produced.

Block 21. Procedure: _Build or Modify Job --This procedure
is also presented in section A,6 and 1is the actaivity that
results ir the job to be executed.

Block 22. Error?--It 1s possible that the attempt in Block
21 to produce a Jjob is not successful. If not, then the
activity returns to Block 15, to try again to provide the needed
CH's and OH's, guided this time by the unsuccessful attempt to
build a job. If there 1s no error, the user has a job ready to
execute, and is novw ready to prepare the data.

Block 23. _Build or #odify Subiask _Pata _Library?-—-If the
data required to execute the Jjob 1is already available, the
activity proceeds to Block 30. If not, then Block 24 is
performed next.

Block _24, Link to_ _and/or__Copy _Data Sets in Community

e i s
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th=2 community library, the activity proceeds to Block 25. If
not, then Block 27 is done next.

Block _25. Give _Data _Set Names to_be Linked to and/or
Copied _to__Subtask Library--The user gives the names and
qualifiers of the data sets he wants to be available to his
subtask library. He nesds to give only enough of the qualifier

to make the identification unigque.

Block 26. _Link to and/or_ Copy Data Sets to Subtask Library
~~The System will either provide a copy or link to the data set.
Both actions are subject to security, access and permission code
approval.

Elock 27. Enter New Data Sets Into Subtask Library?--The
user specifies whether he needs to enter new data into the IPAD
environment. If not, the activity skips to Block 30.

Rlock _28._ _Give Data Set Name, Qualifier and Location—-The
user tells the System the defining information for the data set,
names his part of the gualifier, and gives the 1location where
the data will enter the Systen.

Block _29. Enter New_Data Sets Into Subtask Library —--—The,
System brings in the data and completes the qualifier.

Block 30. _Edit bPata in Subtask Iibrary?——at this point,
the user has available a complete collection of the gqualifier
data sets required to execute his job. Hovwever, some of the
data sets may require some editing of their contents. If not,
the activity skips to the Work stage, which begins with Block
33.

Block 31. Give Data Set Name_anpd Qualifier, Edit Data-—The
user gives the name and qualifier of each data set that he wants
to edit. He w11l be allovwed to edit if the permission and
access codes allow him to do so.

Block 32. _Enter Edited DPata, Update Qualifier-—-The Systen
responds to the user's editing instructions, updates the
qualifier, and enters the edited data into the subtask library.
If the user has edit-in-place permission, and desgsires to do so,
the edating is done to a copy, instead of the original.

lThe next group of actaivity blocks are in the Work category.
This is the activity that erxecutes the job, using the identified
data sets.
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Block 33. _Give Execution Instructions--The user completes
“*he instructions required by the job, the IPAD System, and the
host operating system in order to execute the Jjob.

Block 34. Verify bata_Before Jdob Execniion?--The user may
choose +to verify the data before it is executed. If so, two
types of verification are performed in Blocks 35 and 36. If
not, the activity goes to Block 38.

Block _35. Perform Gross_Range Checks——The System can use
the gross range information contained in the 1library for each
engineering variable +to check the data sets. For exanmple, if
the gross range for Mach number if 0 €M < 100, then a gross
range check would dindicate a Mach anumber = -12 as being in
error. This will help to identify major errors resulting from
keypunch errors, etc. The gross range check is done entirely by
the System, and the System signals the user of all discrepancies
noted.

Block_36. _Support User Requesis for Graphic Checks on
Data——~The user employs the graphic capabilities supported by the
IPAD System to check the data sets for errors in the data that
are small in magnitude. Tables of variables may be displayed
against each other, and geometries will be drawn and viewed for
snoothness.,

Block 37. _Edit Data_Sets to Remove Errors—--The user will
want to remove all the errors discovered during Blocks 35 and
36. This editing will be supported by the System, and will be
subject to the access and permission codes.

Block _38. Execution—~-This represents the actual execution
of. the job by the host computer. The job may be operated "hands
off", or may be executed with varying degrees of user and IPAD
System intervention. Block 38 presents a table that shows the
actions of the user, the IPAD System and the OM in execution.
Three different user functions are shown.

1. The OM is programmed to provide online display. The
IPAD and host systems relay to the user, who monitors the
display.

2. The OM 1s programmed to display and receive
instructions. The IPAD and host systems relay the display to
the user, who monitors and responds. The IPAD and host systenms
relay the response hack to the OM.
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3. The user may issue an interrupt command at apny time.
The IPAD and host systems suspend execution and respond to the
user instructions.

These functions cover the general cateqories of user-systenm
interaction during execution. Adequate support of the user's
needs during exccution will be one of the more important aspects
of the IPAD enviroanment.

The actual execution of the job in Block 38 marks the end
of the Work activity. The final phase of the generalized work
model 1s the Report on the results.

Block_ _39. Online Data _Display _Required?--~The user nay

desire to examine the results online. If rot, the activity
skips to Block 42,

Block__40. Request _Data Display--The user enploys the
DISPLAY command or equivalent features of the IPAD System to
selectively view the results of the job execution. The user may

request online hardcopy of the displays.

Bilock H41. _Support Online Graphics--The System provides the
support for the user's graphic requests.

Block _#42. _Additional Offline Data Displays? --The user may
selact offline plots, drawings or text to be generated. If not,
the activity skips to Block 45.

Block %3. Give Offline Data Display Instructions—-The user
gives the instructions for the offline displays, using the
DISPLAY command or its egquivalent. The 3Jo0b 1tself pay have
przpared some offline data displays, as wvwell.

Block__uy. Prepare _Data__for 0ffline Qutput—--The Systen
prepares the data as instructed by the user.

Block 45. _Enter Results into  Conmunity Library?--Certain
results of the job may be of importance to the user community.
These must be transferred to the community library. If not, the
seguence skips to Block 48.

Block u46. _Name_Data Sets to _be Put _Into Community Library-
-The user names the data sets in the subtask 1library to be
transferred to the community library.

Block__47. _Copy Data_Sets to Community Library--The Systen

places copies of the named data sets into the community library,
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transferring as well the access codes the user has placed on the
data sets.

Block #8._ _Subtask Complete?--If the job just executed has
completed the subtask, the activity proceeds to Block 49. If
there is more to be done to complete the subtask, the activity
returns to Block 9 to determine the next job in the subtask
plan,

Block 49. _Save Any_Subtask Library Data Sets?--Rhen ‘the
subtask is declared complete by the user, the subtask library
will not be saved. Consequently, the user must deliberately
save those data sets in the subtask library that are to be
saved. Thas will be done in Blocks 50 and 51. If not, +the
activity skips to Block 52.

Block_ _50. _Name Data Sets to Save in Community Library
and/or 0Offline-—The user names the data sets +to be saved and
gives their destination, whether to the community labrary,

punched cards, magnetic tape, etc.

Block 51. Place Data Sets in Community ILibrary and/or
Offliine-—-Tne System Tesponds to the user's instructions.

e e T Sk B

Block__52. Move _Any Data Sets +to Archives?--Somne of the
data sets generated by the job may be moved to the archival
storage. If none are to be moved, the activity skips to Block
55.

Block 53. Name Data Sets _to Copy._ to Archives--The user
nagses those data sets to be sent to archives.

Block_ _54. Copy Data Sets to_Archives--The System performs
the action requested by the user.

Block 55. _Purge Any_ Data Set From__Community Library--The
completion of the Jjob may be the last usage for a data  set in
the community library. In such cases, the data set may then be
parged, by ¢the activity of Blocks 56 and 57. If not, the
activity skips to Block 58.

Block 56. Make _Data_ Set Purge Reguests——The user
identifies by name and gualifier the data sets to he purged.

Block 57. _ Purge Data_ Set--The System will purge the data
set if several conditions are met. If the owner makes the purge
request, and if no other data sets in the community library
depend on that data set for their generation, then the data set
will be purged. 0Or, if the user has absolute purge atthority
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granted by *he permission codes, then the data set will be
purged.

Biock 58._ _Issue Subtask Report--This marks the end of the
subtask that was bequn 1n Block 8. The report alerts the
Hanagemenrt Information System that this subtask is completed.

Block 59. _Are There More Subtaskg?—--~The managers will use
the Hanagement Information System to tell if there are more
subtasks in this task. If so, the activity proceeds to Block
60. If no+, the activity skips to Block 61.

Block _60._ _Reguest Task Plam --Again using the Management
Information system, the task plan is recalled, the next subtask
is determined, and the activity returns to Block 8 to plan the
next subtask.

Block 61. Issue Task Report—-When all the subtasks within
a task are complete, a report on the task is issued. This
alerts the Management Information System that this +task is
comnplete.

Block 62. _Are There More Tasks?-—-The managers will use the
Maragement Information System to tell if there are more tasks to
be done bhefor2 the project is:complete. If not, the activity
skips to Block hi.

Block _63., Requast _Project Plan——Using the Management
Information sSystem, the project plan is recalled, the next task
is determined, and the activity returns to Block 4 to plan the
next task.

Block _64. Project _Done, Issue Report--The project is
completed when the last task has been done. A report is issued
and the Hanagement Information System can then alert the user
community. This does not terminate the «community 1library,
however. The 1nformation generated during the project may be of
use for some time.

h.2 PROCEDUDRE: DEFINE ENGINEERING VARIABLE TO DICTIOKARY

Several groups of activities in the user-System interaction
will be repeated many times in the sawme manner. These are
presented separately as procedures to emphasize that they are
within themselves complate actions. Five of these procedures
are discussed as support for the user-Systenm ibteraction network
of figuie Al. Each procedure 1s presented separately, beganning
With this section.
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This procedure presents the process of defining a new
engineering variable to the dictionary. An engineerirg variable
is the uniquely defined entry in the engineering or scientific
sense. The variable may have many names in the code, but it has
only one engineering definition. The network for this procedure
is presented on figure AZ.

Block EV¥-1. Dictionary_Search--The user selects either the
subtask dictionary or the community dictionary, and gies a key
<ord 1list that identifies the variable he wants to define. The
System searches the engineering variable key word 1list 1in the
selected dictionary and indicates variables that agree with the
ugser?s key vword list.

Block EV-2. Yariable Already _ipm Dictiopary?--The user
reads the abstracts for the variables identified by the key word
search. If the variable he wanted to define is already in the

dictionary then he is finished with this procedure. TIf not, the
activity moves to Block EV-3.

Block EV-3. Make Entry Into Dictionary--The user must make
his own entry for the variable. He gives the name, an abstract
and the gross range check information. The System makes this a
ne¥ entry, and adds the key word list givenm in Block EV-1. The
activity +then returns to the point where the procedure was
called.

A.3 PROCEDURE: DEFINE OR HMODIFY DATA SET INTO DICTIONARY

This procedure gives the process of defining or modirfying
the part of a data set that is contained in the dictionary. The
network for this procednre is presented on figure A3.

Block DS-1. _Defipe_ or Hodify2?--The user specifies whether
he wants to define a new data set or modify an existing one. If
he wants to define a new one, the action skips to Block DS-6.

Block D5-2. Give_ location and_ _Name-—-The user gives the
location and name of the data set dictionary entry that is to be
modified. The System searches the library for any qualified
data sets, CH's or OM's that depend on or have used this data
set.

Block DS~3._ _Dependent Modules Not Owned by User?--If there
are dependent modules or data sets not owned by the user, then
the user may not modify the data set defipition, and the
activity skips to Block DS-6.
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flock _bs-it, Dogs _ _User Have Modify Permission?--The user
nmust have access code and permission code anthority to modify a
definition. If not, the activity skips to Block DS-6.

Block _DS-5. _Hodify Data_ Set Documentation _and Key Words—-
The user supplies. the desired changes thru the DEFINE command to
alter the abstract, references or key words. The System makes
the changes, and the activity proceeds to Block DS-1l.

Block _DS-6. Define New_ _Data Set-—The user has either
chosen to define a new data set, or has not beea allowed to
mod1fy an existing one, and must define a new one. He gives the
key words for the nevw data set. The System searches the key
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word lists for data sets in the dictionary, and indicates
ex1sting data sets that have the correct key words.

Block_DS-7. _Acceptable Data Set Definpition Available?-—-The
user examines the abstracts of the data sets indicated by the
System, and if a suitable data set is already defined, the

activity goes to Block DS-11.

Block_ _DS-8. Define New Pata_ Set--The user gives the nane
of the nev data set aund an abstract, and the System combines
these with the key words given in Block DS-6 to rake a new entry
into the dictionary.

Block DS-S8._ _Declare Stored Data Definition?~—~The user may
care to define a stored data definition at this time for the
data set. If not, the procedure is complete, and the activity
returns to the point where the procedure was called.

Block DS-10._ _ Define Stored Data_ DPefinition—--The user
defines a stored data definition for the data set. The activity
exits the procedure at this point.

Biock__Dbs-11. Declare Stored Data Definition for the Data
Set?--This Block is teached after an existing data set has been
modified or chosen, and may or may not have stored data
definitions related to it. If the user wants to check on this,
the actavity proceeds to Block ©DS-12. If not, the activity
exits the procedure at this point.

Blogk DS-12. _Search Oualifiers of Data Set, List
Referenced Stored Data_ _Definitions—--The System sSearches the
qualifiers of all the versions of the data set, lists the stored
data definitions referenced 1n +the qualifiers, and lists the
engineering variables in cach stored data definition.

Block DS5-13. Acceptable Stored Data Definitions Avajlable
--The user examines the information provided by Block D5-12, and
1t an acceptable stored data definition exists, then the
activity exits the procedure at this point.

Block DS-14. Define a Stored Data Definition—--The user has
not <found a suitable stored data definition, and so he provides
that information which the System enters into the library. This
concludes the procedure for defining or modifying data sets.
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A.4 PROCEDURE: BUILD OR MODIFY COMPUTATIONAL MODULE

A coding module is the smallest division of wuser source
code that is gualified in the IPAD environment. The coding
module has two distinct parts. The dictionary contains the
generic information for +the coding wmodule, and the library
contains the specific contents of a gualified version of the
coding module, The network for this procedure is shown on
figure A4, -

Block CHM-l. Enter New Code?~-The user chooses whether new
code will be entered -{Block CM-3) or existing code will be
modified (Block CHM-2).

Block CM-2. Are CH_Names Known?--The user has chosen not .
to enter nevy code. If he knows the CH names to work with, the
activity jumps to Block C#-6. If not, the System will assist
him in the mnext block in determining the CM's to use.

Block CM-3. Provide Key Hord List and Search for CH's-—The
uszr provides a key word list for a CM search, which the Systen
does. If any CH's are found, the user examines the abstracts of
the CM?'s for suitability.

Block CH8=-4. _Suitable Code _Available?--If the user has

found CHM's im the 1ibrary suitable for building with or for
modifying, the activaity skips to Block EM-6.

Block CM-5._ _Provide Code, Name, _Key Words--The user is
entering new code 1into +the IPAD System. He first makes the
dictionary entry; name, generic abstract, etc. Then he gives a
specific abstract, status and supplies the actual code. The
System enters this into the library.

Block _CHM-6, Build _or Modify _Code?--The user selects
whether he is building new code by merging existing CM's {Block
CH-13) , or by modifying existing code (Block CM-7).

Block CH-7. _Edit in Place?--The user may desire to edit-
in-place, that is, edit without preserving the existing contents
{Block CHM-B), or edit a copy {Block CM-12).

Block CM-B. _Search Library for_ Dependent Ch's, OM's, Jobs-
~If +the wuser has chosen to edit-in-place, the System searches
the library for any CH's, OM's, or jobs that depend on the CHM
about to be edited.
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Figure A.4 Procedure: Build or-Modify Computational Module (CM)
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Block CH-9. _Dependent CH's, OH's, Jobs?--If the System has
found dependent CM's, OM's or jobs, the user will not be allowed
to sdit-in-place, so the activity jumps to Block CM-~12.

Block CH-10. Does User Have Modify Permission?——The user
will be allowed to modify only when he has permission code to do
so. Otherwise, his modifications must he made to a copy, and
the activity moves to Block CM-12.

Block CM=11. Specify CHM__and Make Changes—-The user
specifies the CM to be changed, uses the text editor in the EDIT
command to make changes, and when satisfied, updates the status,
document and user part of the qualifier. The System completes
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tha -update of the gqualifisr and stores the CHM in the library.
The activity Jjumps to Block CH-~16.

Block CHM-12. Copy CM, Make ChangesS, Store——The System must
make a copy cof the code to be modified, as the user cannot or
do2s not want to edit-in-place. The user then employs the text

editor under the EDIT conmand to make changes. Once these
changes are done, the user corrects the dictionary information,
the code is gualified and stored ain the library. The activity

goes to Block C#-16.

Block _CM=13. List CM's to be Used ip Building--This block
represents the building of a new CH from existing CH's, using
the editing features under EDIT. The user provides a new nane,
dictionary documentation and user part of the qualifier.

Block CHK-14._ _New Namg = 014 Name?-—-The System determines
if the new name is the same as the old name. If not, the
activity jumps to Block CH~-16.

Block CH~15._ _Update Status and Version Number--If the new
name 1is the same as the 0ld name, them the user corrects the
status of the CM, and the System increments the version number

and stores the C4 in the library.

e i i, S e st S s i

-The =system displays the variables that appear at the boundary
of the €M. These will be displayed in their local nane. The
user translates to the engineering variable equivalent, and
prepares a list linking the local name to the engineering name.
This is called the link list.

Block CM~-17. Any Variables Not im Dictionary?-—-During the
preparation of the link list, it may be discovered that certain
variables are not defined to the dictionary in the enginpeering
sense. Blcok C#~18 will be done for those nissing variables.
Otherwise, the activity skips to Block CM~19.

Block CHM-18--Procedures Define Engipeering Variables to

e T

Block CM~19. Give Link 1ist Information--The auser tells
the System the link list for the CM, and this becomes a part of
the qualified portion of the code.

Block CH-20._ _Define Data_Sets?2--The user may desire to
define data sets Ffor this CM. If not, the activity of this
procedure is terwminated. If so, the activity continues to Block
cm-21.
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Block CM-21. _Procedure: Define or Modify Data Set TInto
Dictionary-—-This is the procedure presented in section A.3, and
in it the user prepares data set definitions that relate to this
C¥. This activity marks the termination of +the procedure for

building or modifying Ci's.

A.5 PROCEDURE: BUILD OR MODIFY OPERATIONAL MODULE

Operational modules (OX's) are organized networks of CH's.
These networks and the CM's in them are in executable Fform.
OM's may eitner be built as new or may be developed by modifying
existing OM*s. The network for this activity is shown on figure
AS.

Block OM=-1. Build or Modifv?-—-The user chooses whether to
build (Block 0#-3) or modify (Block OM-2).

Block OM-2., Modify Existiag ON's-—The user identifies the
OM's that are going to be modified. The System lists the CM's
and displays the CH network in that OM. The user then lists new
or replacement CM's and makes changes to the CM network, using
the CONSTRUCT conmand. Once the user has completed +the
modifications, the System makes these cahnges to a copy of the
original OM. The activity skips to Block OH-i4,

Block _OM-3. Build HNew_ ON--The user lists the Cl's and
their network to be used in defining a new OH.

Block OM-4. Select Paths, List Data_ _Set Connections~—Thz
user nust now determine if the CM networks perform the intended
functions and that +the data sets for the OM are properly
defined, since data sets will be employed at OM boundaries
during execution. The user selects paths thru the logic
networks of +the OM, and the System lists the data sets that
appeaT as input, output or are internally cormected along that
“path, Variables that have not yet been assigned to a data set
are also identified.

Block OM-5. _Afe Reguired Data_ _Set Names_ Known?--If all
connections are correct, and there are no variables that are not
assigned to a data set, them the activity skips to Block oM-11.

Block ON~-6. Search for Suitable Data Sets--The user must
supply some additional data sets to the OM. This process begins
by searching the dictionary for presently defined data sets that
will - be satisfactory. These are the unqualified data sets,
without any contents at this time. The user first gives a key
word list, and the System searches the dictionary for data sets
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with the same key words and provides their names to the user.
These are examined and reviewed,

Block OM-7. _Are Suitable Data Sets_ Defined?—-~This decision
by the wuser requires that both suitable data sets and complete
assignment of variables to the data sets is available, in order
to skip to Block OM-11.

BRlock OM-8. Define New Variables to Dictionary?-—-Before
defining new data sets, there may be additional engineering
variables to define. If not, the activity goes to Block 0M-10.

Block OM—9. _Procedure: Define FEngineering _Variable _to
Dictionary--The user employs the procedure presented in section
A.2 to make new entries in the dictionary.

Block OM-10._ _Procedure: _Define or Modify Data Sets Into
Dictionary~—The user performs the procedure presented in section
A.3 to make new data set entries intc the dictionary. These are
ungualified at this time.

Block _0O#-11. _List Data Seits, Restate Paths Thru Network--
The user repeats the activity of Block OM-4, where he selected
certain paths thru the CM network.

Block OM-12. _ ZList Input, Output and Internally Connected
Data_Sets--The System lists the data sets that appear as input
or output at the O# boundary or are internally connected, for
the paths the user has selected.

Block OM-13. Data Sets Consistent?--The user eXamines the
information provided in Block oOn-12. If there are no
inconsistenciss, for example a variable appearing as input that
the user expected to be internally connected, the activity skaps
to Block OM-15.

Blogk__0OM-14. Procedure; Define or Modify Daita Set Into
Dictiopary-~The user employs the procedure presented in sectien

2.3 to supply the needed data sets. The activity then returns
to Block OM-12 to check again for correctness.

Block OM-15. Put ON Into Executable Form—~-The user is now
satisfied that the data connections will be correct, so he
requests the System to put the OM into executable form.

Block OM-16. Successful?--If the OM was successfully put
into executable form, then the activity skips to Block oOx-18.

Block _©OM-17. Display_ _Problem, Supply Modifications—-—-The
System displays the problems of the OM, the' user supplies ‘the
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corrections, and the activity returns to Block OM~15 for another
try.

Block _0OM-18. Supply Narrative, Key Words, Qualifier—-—The
OM is now in executable form, and the user is satisifed with the
data flow and CM operations along +the network paths he has
exanined. The O0M 1is therefore ready for entry into the
dictionary and the library as a qualified item. This conpletes
the procedure for building or modifying ON's.

A.6 PROCEDURE: BUILD CR MODIFY JOB

The djob is the item that is actually executed. It is made
of a netvork of OM's, either by building a new mnetwork or
modifying an existing one. The network for this activity is
shown on figure A6.

Block J=-1. Build or Modify?~-The user chooses whether +to
build (Block J-3) or modify (Block J-2).

Block J-2. fdentify Job _and Modify—--The user identifies
the job to be modified. The System then lists the OM¥s in the
job and displays their network. The user exmaines the network
and lists new or replacement OM's and gives network modification
information. The System copies the original Jjob and makes
changes to the copy. The activity now skips to Block J-4.

Bloek J-3. Build New Job—--The user lists the OM's to bhe
used and gives their network.

Block J—=4. _Select Paths Thru Network, List Input, Output
and Internally Connected Data_ Sets-—The user selects paths thru
the OM network of the job. The System 1lists data sets that
appear as 1imput, output or are internally conmected for the
selected paths.

Block J-5. Network as Expected?--The user examines the
network for the sequence of the OHM's., If the sequence is not as
expected, the activity skips to Block J-7.

Block _J-6. Data Sets as Expected?--The user examines the

list of—iﬁgut, output and internally connected data sets for the
chosen paths. 1If there are no problems, the activity skaps to

Block Jd-7. Hodify Eetwork?--If there are problems, then
the user must either modify the network, or exit +the procedure
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and rTeplan h18 job. The network modification is done in Block
J-B.

Block J—-8. .  Specify Network Changes~—The user changes the
network, and returns to Block J-4 to repeat the network checkout
process.

Block J-9. Supply Narrative, Key Words, Qualifier--At this
peint, the user has determined that the job is satisfactory. He
supplies the dictionary and library information, the job is
qualified, then stored in the 1library. This completes the
procedure for building or modifying jobs.
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