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EVALUATION

The software indus try has experienced serious problems

- 

- with cost overruns , late deliveries , poor reliabili ty and

• customer dissatisfaction. I t  has been claimed that there

are no disciplined ways to determine the qualifications of

available resources; no uniforml y agreed upon methods of

assessing performance; no reliable ways to predict the

~ 
j ultimate costs and schedule or the impact of changed or

external events.

It is evident that other industries are less susceptible

to t h e s e  p r o b l e m s , p r i ma r i l y because there has been a

delibera te attempt to apply basic engineering princi p les

in a d iscip lined fash ion.

RADC TPO R5A , Sof tware Cost Reduction in one of its

thrus t s , addresses the managerial aspects of Software

Definit ion , Des ign , Cons t ruc tion , and Verification. In this

thrust the goal is to characterize or model software in

terms of its three distinct basic processes: Production of

the it ems to be del ivered; Assessmen t of that production for

status , perfor mance , and progress indica tions; and Planning

( a n d  r e — p l a n n i n g )  of p r o d u c t i o n  a c t i vi t i e s  b a s e d  u p o n

a s s e s s m e n t  d a t a .

vi

— • • • • . •  •
. • ,,~~ • •

—•~~•.-—•~ d~~~. ______________________________ 
— —



rr
J

One purpose for genera ting process descri p t i ons

is to  p r o v i d e a framework for guiding future R&D activities

rela ted to software development and production management.

These related activities were seen as consisting of three

types:  ( 1) d e fi n i t i o n  of s o f t w a r e  e n gi n e e r i n g  p o l i c i e s,

methods and standards; ( 2 )  a s s e s s m e n t  of  t o o l s , e x i s t i n g

and p o t e n t i a l ly new , in t e r m s  of b e n e f it s  to  be  der ived

• through their deliberate incorporation into the software

p r o d u c t i o n  p r o c e s s e s ;  and ( 3 )  p r e l i m i n a r y  d e s i g n  of an

a d v a n c e d  S o f t w a r e  C o s t / S c h e d u l e  T r a c k i n g  S y s t e m .

Befo re  embarking on such a modeling e f f or t , it was

deemed desirable to identify a large on—going development

program for which a co ncerted effort was made to select

and employ modern sof tware engineering practices to the

maximum extent practical. We felt that such a real world

referen t would be an excellent basis for generating and

valida ting the desired models. One such program , NASA t s

Integrated Programs for Aerospace Vehicle Design (IPAD) ,

was identified as a candida te.

This con tractual effort , Management Tools Case Stud y,

was under taken to determine whether the [PAD Program would

be a sa tisfactory environment within which a thorough and

conclusive evalua tion of modern software management tools

and me thods could be accomp lished . During the course of

the contract , five tasks were accomp lished v ia review of

vii
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~ocumen tation and reports , interviews with management

and technical ind ividuals , and thro ugh comp letion of a

comprehensive questionnaire. Research indicated that at

l e a s t  19 indicators of projec t status , progress and

p e r f o r m a n c e  are available on IPAD. The relationships

and d e p e n d e n c i e s  b e t w e e n  p r o g r a m  o b j e c t i v e s , m a n a g e m e n t

t e c h n i q u e s, i n d i c a t o r s  of s t a t u s , p r o g r e s s  and

- - pe r fo r mance , program responsibi lit ies , and ind icators

of t e c h n iq u e  e f f e c t i v e n e s s  w e r e  incorporated into a

generalized managemen t tool model. This Final Report

d e s c r i b e s  t h e  m o d e l , s u m m a r i z e s  t h e  s u r v e y  r e s u l t s,

d etails the techniques used on IPAD , and th r o u g h

h y p o t h e t i c a l  s c e n a r i o s, i l l u s t r a t e s  t h e  r e l a t i o n s h ip

b e t w e e n  c o m m u n i c a t e d  direc tion and ident if ied developmen t

o b j e c t i v e s .

RO O E~ I W .  W E B E R
P r o j e c t  Eng inee r
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•~ 1.0 INTRODUCTION AND SUMMARY

• 

- 
-
~ 1.1 BACKGROUND/O BJECTIVE

The software industry has experienced serious problems with cost overruns , late

deliveries , poor reliability and customer dissatisfaction. A common rationale for

these problems , voiced both by the developers and the buyers of computing

software , is that software production is a set of essentially unmanageable activi-

ties. It is claimed that there are no disciplined ways to determine the qualifica-

tions of available resources; no uniformly agreed upon methods of assessing per-

formance; no reliable ways to predict the ultimate costs and schedule or the

impact of changes or external events.

It is evident that other industries are less susceptible to these problems, primarily

• because there has been a deliberate attempt to apply basic engineering princip les

in a disciplined fashion. While the software industry seems enamored of the term

“software engineering”, disciplined application of engineering princi ples to the

software production process has been rare.

For example , one basic engineering principle is that activities comprising a process

should be “staged” in an orderl y fashio n , to guarantee that products from one

activity are available in a timely fashion for subsequent activities. In software

production , however , this pri nci ple is not generall y im plemented. The documen-

tatio n of requirements , desi gns and plans for the software system are activities

which are frequentl y postponed (if they are performed at all), even though this 

-— 
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documentation is the basic framework upon which the software itself should be
built.

Engineering, As it is applied to other industries , is concerned with three distinct
processes: Production of the items to be delivered; assessment of that production
for status , performance , and progress indications; and planning (and re-planning) of
the production activities, based upon the data the assessment process provides. The
produc tion process concerns itself princi pally with technical activities; the

• assessment and planning/re-planning processes are complementary managerial
activities. BCS believes that it is possible to apply the same engineering or
management principles long used in other indus tries, such as bridge building and
airplane manufacturing, to sof tware produc tion; i.e., tha t sof tware developmen t is
essentially a fabrication process subject to proven techniques for monitoring and
planning.

In seeking to conf irm the above-~.t~itcd belief , Boeing Compu t~r Services (BCS)

Company is conducting a Rome Air Development Cente~ (RADC) funded
investigation of the documentation and procedures for tne NASA Integrated
Programs for Aerospace-Vehicle Design (IPAD) Program. The investigation will
assess IPAD’s value to a proposed Research and Development Program for
evaluating the application of management techniques (princip les, disci plines) to the
management of software development.

1.2 PROJECT APPROACH/ SCOPE

In order to determine the suitability of IPAD as a vehicle for evaluating the use of
management techniques in software development , five independent but strongly
related tasks will be performed.

2
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1.2.1 Task 1

Ex am ine IPAD documentation and identif y management tech~üques bein g applied to

the project. Documentation concerning the following items was investi gated:

• Wo rk Breakdown Schedule

• Milestone Schedule

• R~~ :ew Schedule , Plans , Objectives, Participants

• Detailed Task Assignments

• Procedures , Forms , Tools

• Or ganization Structure

-
- 

- 1.2.2 Task 2

Examine IPAD documentation relative to the customer ’s program objectives , the

contractual agreement , and the statement of work to determine the development
objecti ves of IPAD. Elicit the cooperation of IPAD management to determine the ¶
relationship between development objectives and management techniques actually

being applied.

1.2.3 Task 3

Identify IPAD individuals with key functional responsibilities and determine what

fo rmal and informal direction these individuals have received. Relate the formal

and informal direction upon which these individuals rely to discharge their

responsibilities to the development objectives identified in Task 2.

1.2.4 Task 4

Identify specific indicators used by IP A D to assess status , progress and performance.

These indicators will be determined from the management plan and the individuals

with key functional responsibilities identified in Task 3. Relate these indicators to

- • • •-•. •••- - - - - - 

-
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the development objectives identified (in Task 2) and the direction communicated (in

Task 3).

1.2.5 Task 5*

The indicators which IPAD is using to assess status , progress and performance shall
be related to the Management disciplines or techniques being applied. An analysis

will be made of the over all relationship between individuals with key responsibilities
viewing indicators of status which give insi ght into techniques used to manage the
project and achieve the program objectives.

1.3 OVERVIEW

The inte r im repor t covered wor k per for med under Tasks 1 and 2, identif ied in the

previous section. Candidate management techniques and development objectives

were identified. In order to determine the relationship between the techniques and

objectives, a survey/questionnaire was prepared and conducted using key IPAD

management and technical personnel. The survey results are presented in Section 4

of this document.

Tasks 3, 4 and 5 were researched and documented from May to December , 1978.

Key individuals were identified and interviewed and documentation was studied. A

generalized management tool model was developed to illustrate the relationship

between techni ques, objectives , indicators of status, progress and performance,

indicators of technique effectiveness and individuals with key responsibilities. The

model is presented in Section 7.

*Task 5 added via an Engineering Change Proposal on September 13, 1978.

4
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2.0 IPAD ENVIRONMENT

2.1 IPAD DESCRIPTION

• 
• The IPAD system is a general purpose interactive computing system developed to

support engineering design processes. Its primary function is to handle engineering
data and management dat a associated with the design process. It is intended to
support conti nuous design activities of a ty pical company mi x of multi ple develop-
ment projects. IPAD serves management and engineering staffs at all levels of
design (conceptual , preliminary , and final) and aids in the assembly and organi-
zation of design data for manufacturing processes.

The IPAD system design will support generation , storage and management of large
quantities of data. Its capacity will onl y be li mited by the hardware configurations
selected by each company. The system is intended for use in a distributed
computing environment having one or more central host computing systems and
many remote computing systems. The number of terminals supported may range to
several hundred and may be distributed across the host and remote systems. The
IPAD software will function on the “third generation” computer complexes in use
today by large aerospace corporations.

2.2 IPAD MANAGEMENT TECHNI QUES

Examination of IPAD documentation , in conjunction with the BCS Systematic

Software Development and Maintenance (SSDM) Project Management Guide , has

identified many candidate management techniques. These techniques can be

5
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— grouped in three broad categories which generally depict their function within a
software development project. These categories are: 1) Project organization and - •

I 

adm inistr ation , 2) Project planning and 3) Project evaluation and control.

• Project organization and administration includes management techniques used to

• organize the technical staff , assemble the project ’s resources, establish a method
- for assigning and delegating work responsibility and project communication , and

• evaluate the quality of the project ’s technical work.

Project planning in cludes the essential elements of the project plan , a mechanical
means to schedule a project ’s work tasks through the systematic allocation of
project resources, and established standards of performance.

Project evaluation and control includes functions which assess the project ’s overall
progress. Methods for analyzing fiscal reports , techn iques for conducting project
reviews, and approaches toward corrective action and change control are examples
of project evaluation and control techniques.

2.2.1 Project Organization and Administration

2.2.1.1 Project Manager Concept

The project manager has total responsibility and authority to lead a team of
qualified , skilled individuals to accomplish the goals of the project. I-Ic has to
maintain technical and resource control at all times. He will separate and delegate
the project management responsibilities and authorities to other key members of the
team , thus allowing him to focus his attention on general , long-term project
direction , financial/ schedule control and external interfaces. An assistant project

• manager may be appointed to conduct overall day-to-day operations.

6
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2.2.1.2 Work Breakdown Schedule/Structure (WBS)

Describes the subdividing of project effort. The total project work is divided into
major groups, the groups subdivided into tasks, and so on. The lowest level of
subdivision • is small enough to permit control and visibility without excessive
administrative “red tape”. Work performed in major elements is the sum of all the
work specified in the elements below it.

The work breakdown is sometimes accompanied by a schedule of task milestones in a
graphical and/or tabular form. The graphical WBS can also incorporate a colored
hor izon tal bar which indicates stat us and progress in relation to plan.

2.2.1.3 Team Organization

The organization of a team to depart from the normal “programmer type” organi-
zation. The project manager determines the mix that accommodates personality
diffe rences while allowing for satisfaction of user needs.

2.2.1.3.1 Egoless Teams

The team designs the code, individuals produce it, and all members review it. The

team gives assurance that each functional module is understood and complete.

2.2.1.3.2 Chief Programmer Teams

A group of specialists organized to support top-down development. A Chief

Programmer designs and produces all the code for the critical sections, defines

programmer support , reviews design and code produced by others and controls its
integration into the total system.

7
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2.2.1.4 Programmer’s Handbook

A loose-leaf binder containing written information and communications needed by

programmers. The handbook contains:

a. Description of technical requirements
b. Baseline design
c. Support software
d. Test procedures
e. Hardware resources available
f. Summary of documentation plan
g. Programming and documentation standards

2.2.1.5 Project File

A set of management data which provides for centralization of information about
the project and its activities. Contains:

a. Reports , information for accounting purposes
b. Project plan
c. Minutes of meetings and reviews
d. Correspondence
e. Documentation of findings , conclusions, recommendations
f. Worksheets and other anal yses

g. Change Requests
h. Project Performance Data
i. Problem Reports
j. Lessons learned
k. Location of major project documentation

8
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2.2.1.6 Software Notebook

A summary notebook produced for each functional module of project work. It
focuses attention on pr ocess, component an d module documentation , thereby
enforcing the idea that documentation should evolve throughout project develop-
ment. It is a collection of development and test information and supports detailed
plann in g of project effort  and status. It is used to accomplish planning and control

of components , units and modules. The first page of the notebook is generally a
sum mar y sheet containing a list of the many tasks which are necessary to complete
the module. For example , it is likely to contain due dates , completion dates , as well

as the na mes of the originator and reviewer.

2.2.1.7 Support Library

Tool used for storing and recording computer program development data. It includes

all computer and manual procedures needed to manipulate library data , guaranteeing

that once a module has been placed in a controlled library, changes are not made

without author knowled ge. Its design permits isolation and delegation of record

keeping and clerical operations. It includes:

- source code (in human readable form ) of official copy
- object code (in machine readable form) of official copy
- control data

As the development effor t  continues , test data , source and object code and

information to support the management of the outdated or revised versions of a

mod ule are added to the library.

2.2.1.8 Personnel Selection Requirements Form

A for m used as a tool for personnel selection. It aids in the analysis of individual

requirements and development of a staff training plan. Skill requirements are used

as the criteria for identif ying and selecting project members.

9
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2.2.1.9 Work Authorization Form

A formal means for delegating work in the project environment which makes the

work itself accountable. It is a tool to be used when planning and scheduling project

activity. As a minimum , it includes specific budgets, schedules and descriptions of

• the work to be done.

2.2.1.10 Project Control Room

A tool for promoting good project communications. A room assigned to the project

for their exclusive use which is suitable for review meetings, working sessions, and

display of project data.

Usually a project room will contain displays of detailed schedules, budget cost

chart s, delinquen t items, action item assignments, project technical performance ,

status assessment, critical path events, test results, etc.

2.2.1.11 Formal Inspection of Design Documentation and Code

Formal way of independently reviewing the quality of project design , documentation

and code. Techni ques included in this category are walk-throug hs, inspections, and

QA reviews and audits.

2.2.1.11.1 Walk-throug h

A ser ies of reviews, each with different objectives and occurring at different times

during the development process. Typ ically, it is a presentation of a module’s

metacode or control graph, where the author/programmer “walks” the other team

members through the module logic and data flow. Team members evaluate program

logic to detect errors and assure thorough testing of each module. A report

documenting the results of the walk-through is usually produced.

10
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2.2.1.11.2 Inspections

A more formalized review which requires more planning, has more visibility and

assumes more management involvement than a walk-through. Provides a way to

captu re statistics on the ty pes, the numbers and the places where errors occur.
These statistics act as feedback to the development team and project management.

2.2.1. 11.3 Quality Assurance Reviews and Audits

In dependent QA R eviews conducted at cr iti cal points dur ing softwa re development

to ensure requirements satisfaction , completeness of design specification , ver if i-
cation of module in terfaces , and adequacy of development and independent testing.

2.2.2 Project Planning

2.2.2.1 Resource Allocation Sheets

Provide a formal way for distributing the project staff to elements of the WBS.
Establishes activity start and com pleti on dates , determines schedule for facilities , - -

cler ical needs, machine times and user involvement. It is essentially a bar chart
showi ng calendar time hori zont ally and project resources vertically. Normally all
Resource Activity Sheets are summarized on Master Activity Sheets which are a
selected listing of WBS items.

2.2.2.2 Resource Requirements Summary

Denotes the resources necessary to execute the project. It shows schedule dates,
staff distribution , required facilities and machine times. Typically, it is combined

with estimated resource cost to become a management planning tool.

11

— •~~~ e-~~~~~ • - -~~ -n - • --•~~ - - —.••.~~~~~~~~~~~~~~ — - - ___________

L 

• • -
• 

•
. , • -

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

-

~

• 

~

— . . ~~~~~~~~~~~~~~~~~~~~~ —- r -

—--- -- -- -

~

-

~

-

~

- - -

~

- - ~~~~~~~~ - -—--



___ 
- - -  - 

~~~

- - -
----- —;-----

~~~~~~

2.2.2.3 Programming Standards

Well-defined enforceable standard programming practices with specific emphasis on
those which require the production of structured code. Standards to be considered
include comment and specifi cation statement usage, data item initiali zation ,
statement orderi ng an d comm on storage, data item and array conventions.

2.2.2.4 Incremental Development

Definition of progressivel y more complete increments of system capability. Each
increment or release prov ides an independently testable level of the evol vin g
system.

2.2.2.5 User Involvement Planning

Create and maintain a user interface to ensure in-depth involvement of users and
provide timely review and feedback of system development information. As a
minimum , there should be explicit definition of:

- user review attendance
- user feedback at criti cal pr oject points
- documentation of important user opinions and recommendations

2.2.2.6 Industry and Technical Involvement Plan

Create and maintain an interface with a wide range of industry and technical
experts with related experience. These experts review and critique all major
technical plans and give advice about the technical feasibility and acceptability of
the product.
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2.2.2.7 Documentation Standards

Detailed outlines for each of the deliverable and transition documents. The
documentation must be tailored to the needs of the audience/user. Documentation
should be thoug htfully discussed between the customer and developer at some time
pr ior to the system bid and a documentation pla n should be developed. Simply citing
an applicable standard or Contract Data Requirements List (CDRL) format is not
enough since it merely highli ghts the government administrator and not a

“manager.”

2.2.3 Project Evaluation and Control

2.2.3.1 Software Development Tools

Usage of general purpose or specificall y designed support programs at various points
during development to assist requireme nts analysis, design , code genera tion, debug-
ging, testing and documentation. Generally, the tools fall into two areas:

a. Requirements Definition and Anal ysis Tools - Tools to aid in
developing a complete, consistent , unambiguous specification which

can serve as a requirements baseline. A given specification can be

anal yzed to check for completeness and consistency to validate its
content prior to design and coding.

b. Design Representation and Testing Tools - Tools developed to aid in

the specifi cation , analysis and validation of prelim inary and detail
design activities.

2.2.3.2 Complete Preliminary Design

Def ine, document and baseline a complete preliminary design. It should include
identification of top-level software components, data base definition, scheduling and

interface information , and critical al gorithm analysis.

13
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2.2.3.3 Software Confi guration Management

Establish and follow formal software management principles. These principles

• specif y a for mal means for problem and change reporting, chan ge control and

version control. Accurate and complete identification , accounting, control and

auditin g of the elements needed to develop a software system are all part of
confi guration management.

2.2.3.3.1 Change Control Board

Responsible for the disposition and authorization of proposed changes. The Board

verifies change request compliance with contractual requirements and assures the

iden tifica tion , evalua tion and consideration of technical reasons for the change.

2.2.3.3.2 Blockpoint Change Control

A change control device for indicating when the approved change request will be
completed and released. The project manager accumulates the change activity and
determines resource availability, work pr iority and personnel selection for each

change.

2.2.3.4 Requirements Specification Breakout/Baseline

Develop, r eview , gain customer acceptance and document the software require-
ments specification to be used as a formal baseline. The approved baseline ensures
mutual understanding and formal written agreement of requirements.

2.2.3.5 Techni cal , Schedule and Cost Reports

Detailed reports submitted regularly (weekly, monthly, quarterl y) to cont rol costs,
scheduli ng, and make project progress highl y visible. These reports should be

- 
~ • automated and must be approved and signed by the project manager. Reports
• in clude , as a minimum , esti mated versus actual costs and schedules.

14
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2.2.3.6 Independent Test Evaluation

A for mal organization within the project (but separate from the project’s design and

• I development organization) which is responsible for developin g test strategy and

performing an independent test and evaluation of software parallel to system

development. Independent testing involves analysis of soft ware requirements ,

planning, preparation , and per for mance of tests, revie w of test results , discrepancy

reporting and retesting.

• 2.2.3.7 Project Checkpoints/Milestones

Established at each software development phase in the projec t to delimit stages of

project evolution and to provide a means for control. Checkpoints or milestones

may also be representative of production of major documents or project deliver-

ables.

2.2.3.8 Checkpoint Reviews

A formal review after each project checkpoint or milestone to verify that work

performed is satisfactory and follows the project ’s quality standards.

2.2.3.9 Status Reviews

An internal review , conducted on a periodic basis or upon demand , whi ch discusses

project status and technical , resource or logistical decisions.

2.3 IPAD DEVELOPMENT OBJECTIVES

Examination of IPAD documenta~ion relative to the customer ’s program objectives ,

the contractual conditions and the statement of work has identified development/

management objectives for the project.

15
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These development/management objectives are grouped in three categories which

describe the nature of the objectives. Management life cycle objectives are those
which concern the progress and status of the project work. User interface
objecti ves reflect the desire to establish and maintai n good comm un ication between
the users/customers and the project team. Objectives of technical excellence
reflect concern that the final product be in accordance with requirements,
depen dable , reliabl e and of overall high quality.

2.3.1 Management Life Cycle Objectives

2.3.1.1 On Schedule

- • Achieve intermediate and final milestones on or before scheduled completion dates.

2.3. 1.2 Under Cost

Accomplish individual and cumulative tasks at or below proposed cost.

2.3.1.3 Status Visibility

Provide for a high degree of visibility into IPAD development status.

2.3.1.4 Problem Recognition and Correction

Provide for rap id recogn ition of project problems and equall y rapid iden tif i cati on

and i mplementation of necessar y correcti ve action

2.3.1.5 Contractor Commitment

Demonst rate hi gh-level contractor commitment to the IPAD program.

2.3.2 User Interface Objectives

16
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2.3.2.1 User Involvement

Incorporate a high degree of user involvement in both definition and periodic
assessment of IPAD system features and functional capabilities.

2.3.2.2 Usefulness Demonstration

-I Provide early demonstration of the ultimate feasibility and general utility of the
IPAD system.

2.3.2.3 Satisfy Di verse Needs

Provide for satisfaction of the diverse needs of the broadest possible set of users
(i.e., aerospace vehicle designers of the 1980’s).

2.3.3 Technical Excellence Objectives

2.3.3.1 Standard/Procedure Compliance

Demonstrate strict complia nce with  self-imposed standard practices and procedures.

2.3.3.2 Reliability and Dependability

Ensure maximum reliabili ty an .. :~e lability of the I PAD system.

2.3.3.3 Configuration Management

Provide for organized , effective control of changes to the IPAD system
confi guration.

I-
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2.3.3.4 Machine Independence

- - Ensure maximum machine independence of the IPAD software. -

2.3.3.5 M aintai nability

- Ensure maximum maintainability (easy modifiability ) of the IPAD system.

- i
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3.0 SURVEY DESCRiPTION

3. 1 SURVEY OBJECTIVES

In order to determine the actual relationship between JPAD objectives and the

application of management techni ques, a survey was given to key IPAD manage-

ment and technical personnel. There were two purposes of the survey. We

- 
sought first to determine which of the candidate general management techniques

(detailed in Section 2.2) are currently being applied or are proposed to be applied to

IPAD and secondly, to ide ntify specific instances in which the management tech-

ni ques applied to IPAD were effective contributors toward achievement of the

stated objectives.

3.2 SURVEY TECHN IQUE

The survey was divided into three parts. The first part contained the list of

develo pment objectives detailed in Section 2.3. The participant s were asked

to prioritize the objectives. That is , withi n the con text of IP A D, they were asked

to identify the most critical objective , next-most critical objective , and so on.

The second part contained a list of the candidate management techniques which

were detailed in Section 2.2. The participants were asked to indicate whether they

believed the techniques were currently being applied , were proposed to be applied ,

or were not planned to be applied to IPAD .

19
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The third part of the survey/questionnaire was a matrix which had ca~edidate
management techniques on the horizontal axis and development objectives on the
vertical axis. The participants were asked to relate the objectives to the

techni q ues act ually used to accom plish the objectives. If the technique had a strong
positive effect upon achieving the objective , the participant entered an S in the
corresponding matrix element. If the technique had only a moderately posit ive

- 

- 

-

• 

effect toward objective achievement , the participant entered an M in the matrix

element. If the participant felt that the technique had no effect (or an uncertain

• I 
eff ect) on achievement of the objective , the mat rix element was left blank.

3.3 SURVEY i~ESULTS

Survey participants prioritized the thirteen objectives on a scale of I (hi gh priority

obje ctive) to 13 (low priority objective) . The results were summarized into three

categories: hi gh, mediu m and low prio rity. Responses with a rank from 1 to 4 were

classified as hi gh priority, 5 to 8 as medium priority, and 9 to 13 as low priority. A

summary of the results of prioritization appears in Appendix A.

Participants next gave each candidate management technique a score which

indicated , to the best of the participant’s knowledge, the technique’s application to

IPAD. A score of 1 indicated that the technique was currently being used. A score

of 2 indicated that the technique was not currently being used , but was proposed for

use as the project progressed. Finally, a score of 3 indicated that the techni que was

not being applied and was not proposed to be applied to IPAD .

- 

• The results of this part of the survey were summarized into three categories. Tech-

niq ues with a score of 1 or 2 were grouped togethe r since they represented

techniques which were applied or were to be applied to IPAD. The number of

tech niques with a score of 3 were totaled. In addition , some participants indicated

that they had no personal knowledge of the technique application. These indications

- 
•

- were summarized under a third category. A table which summarizes the results of

the second part of the survey appears in A ppendix B.
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The third part of the survey indicated whether the participant felt the techniques
had a strong (S), moderate (M), or uncertain (blank) effect toward objective
accomplishment. A summary of the responses is presented in Appendix C. Each
element of the summary matrix has been divided into two parts. The upper part of
the element contains the total number of strong positive responses, while the lower
part reflects the total number of moderate positive responses.

:
r ~
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4.0 SURVEY RESULTS

4.1 SURVEY - PART 1

After reviewing the survey results of Part 1 (see Appendix A), a few conclu-

sions can be made. The objectives which were ranked as first , second , and thi rd by

the participants are Satisfy Diverse Needs, User Involvement and Useful ness
Demonstration. It is important to note that these three objectives were cate-
gorized as objectives which aid the user interface. As stated in the IPAD
Requirements document “The principal objective of IPAD is to provide a computer
software system which will aid the U. S. Aerospace Industry in the design of future
vehicles.” From this statement , and other evidence of emphasis on the user
interface, it is apparent that the participants were somewhat biased in their
prioritization due to contractual (NASA ) requirements. That is , the three hi ghest
ranked objectives would probabl y receive lower ranks if surveyed in a more general

atmosphere .

The objectives of Contractor Commitment and Reliability and Dependability were
ranked next hi ghest. A hi gh level of contractor commitment is desirable on all
software projects. As one partici pant com mented , “it is im plied by the contractor ’s
bid and must the refore be ranked very hi gh.”

Maintainability , whi ch some sources estimate consumes 70% of software dollars , is
• r ranked low by [PAD. Again , the emp hasis on technical quality supercedes the

concept that the system should be easil y modifiabl e. The contract does
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not specifi call y call out the objective of maintainabili ty, it does call for a prod uct
which passes certain acceptance tests.

4.2 SU RVEY - PART 2

Part 2 of the survey/questionnaire was desi gned to determine which of the candi-
date man agement techniques (identified in Section 2.2) are being applied or are
proposed to be applied to IPAD.

Of the thirteen sur vey partic i pant s, ten responded to Part 2 of the survey.
These ten participants had expertise in most aspects of the IPAD program and
were qualified to respond to Part 2. Some of the 10 participants felt unqualified to

• respond to elements of Part 2 of the survey. These responses have been grouped
separatel y. Part 2 survey results have been summarized in Appendix B.

Sixteen of the thirty-two management techniques were unanimously identified as
havin g current or proposed IPAD application. In addition , ten more of the
techni ques were un ani mously identified as being applied by those partici pants with
personal knowled ge of the techni que ’s use. The technique titled “Work Autho ri-
zation Form ” was identified by all but one partici pant as being app lied on IPAD.
Survey results for the remaining five techni ques deser ve closer analysis.

Two techniques , “Egoless Teams” and “Design Representation and Testing Tools ,”
were identified as bein g applied by si x par ti cipants , not being applied by two
partici pants , and having unknown app lication by two participants. Due to lack of

positive indication of the use of these techniques , it appears that they are not
among the management techniques being systematicall y applied to IPAD. *

* Dur ing research for Task 4, a techn ique for “Design R epresen tation and Testin g
Tools” was found to be under development by IPAD. IPAD evaluation of the
usef ulness of techni ques is an ongoing activity and new technology is constantly
bein g introduced in the Software Tools area. Therefore , it can be expected to find a
tech nique under development which was not a part of the orig inal project plan.
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The technique “Chief Programmer Teams” had an almost equal number of responses
in each of the three categories. Again , due to lack of positive indication of the use
of this techni que, we must assume that it is not being systematically applied on the
IPAD program.

The two techniques which remain to be interpreted are “Personnel Requirements
Form ” and “Requirements Definition and Analysis Tools.” These techniques have
been identified by the majority of participants as techniques which are not being
applied to IPAD.

In summary, it appears that twenty~.eight* of the ori ginal thirty-two management

techniques have been identified as having current or proposed IPAD application ,

while four * techni ques are not being systematically applied or do not have enough

positive evidence to indicate application on IPAD.

4.3 SURVEY - PART 3

4.3.1 Modeling

The primary objective of Part 3 of the survey/questionnaire was to define the
relationship between the stated objectives and the management techniques being

applied on IPAD.

Selection of a modeling method to evaluate the responses to the survey/question-
naire involved the development and use of a technique to measure the

objective/technique relationship identified by survey participants. A mathematical

algorithm was developed to summarize and analyze the response data. The
algorithm used to obtain an index for each element of the matrix is:

* Including Design Representation and Testing Tools
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Index = /S+M . 3 S + M
\ T  3 1 -

where:

T is the total number of survey participants
S is the number of strong responses ror the element
M is the number of moderate responses for the element

This algorithm evaluates the response data in two ways. The first part of the

al gorithm evaluates the strong (S) and moderate (M) responses for each matri x
element as if they had equal wei ght. The second part of the algorithm incorporates
the idea that strong (S) responses have much more (3 times more) weight in the

analysis than moderate (M) responses.

The rationale behind the second part of the al gorithm is the nature of the S and M
responses themselves. To indicate that a management technique has a strong (S)

effect toward accomplishment of an objective , the participant must have been
firmly convinced of the existence of a techni que/objective relationshi p. However , if

the partici pant felt that the techni que had some effect on the objective , but was

unsure of the strength of the effect , he would be likely to respond that the effect
was moderate (M). In li ght of the nature of S and M responses , the weight of S

responses should be greater than M responses. Throug h iterative use of different
weight schemes on assumed survey responses, a final wei ghtin g factor of 3 was
arrived upon.

4.3.2 Exam ple

The iterative method for determining the weight of strong (SI and moderate (M )

responses was supported by assumed survey responses. These assumed responses

were used in place of the S and M variables in the algorithm presented in Section

4.3.1. To illustrate the algorithm , these assumed responses and final results using
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the algorithm are shown in this section. Figure 4.3.2.1 shows an example of assumed
responses for a matrix with two objectives (Objectives A and B) and three
techniques (Techniques A , B, and C). In this example the sample size was thirteen.

Techni que I Technique Technique
_ _ _ _ _ _  A B C

S - 6  6 10
Objective A M - 4 6 3

b l a n k - 3  1 0

5 - 2  0 4
Objective B M - 4 13 6

blank-7 0 3

Fi gure 4.3.2.1
EXAMPLE SURVEY RESPONSES

Usin g these assumed survey responses , the algorithm is used t-’ determine an index
for each of the six elements. The indices produced by the algorithm are shown in
Figure 4.3.2.2.

Techni q ue Techni que Technique
_ _ _ _ _ _  A B C

Objective A .43 .57 .85 
-

Objective B .12 .33 
— 

.36

Figure 4.3.2.2
INDICES OF OBJECTIVE / TECHNIQUE RELAT IONSI-H F

The indices indicate that Technique C has the most significant effect on Objective
A. This outcome is not surprising since 10 parti cipants felt that the technique had a
strong positive effect  on the objective.
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Observe the index results for Objective A/Technique A and Objective B/Technique

C. The results show that Objective A/Technique A has a higher index. Althoug h

there were a total of 10 responses in the S and M categories for each elemen t, the

index of Objective A/Techni que A is hi gher due to the wei ghting of S responses with
a factor of 3.

4.3.3 Summary Survey Results

The detailed results for Part 3 of the survey are presented in Appendix C. There are
far too many individual elements of the matrix to permit detailed discussion of the
assessed relationship of each stated objective to each of the management
techniques. Elements of the matrix can be disregarded due to lack of substantial

positive evidence of the objective/technique relationshi p. As an element filtering

device , all matrix elements which have less than three responses in both the S and M

categories can be disregarded. In addition, five columns of the matrix which

represent management techniques not applied on IPAD (see Section 4.2) can be

disregarded from Part 3 interpretation. Elements of the matrix which remain after
the filteri ng described above has been performed are then evaluated using the
algorithm described in Section 4.3.1. The composite indices which are derived from

the use of the algorithm are presented in A ppendix D. These indices range in value

from .03 to .95.

At this point it is evident that response data which does not indicate a strong

objective/technique relationship remains to be filtered from the matrix.  To do this

it is necessary to grou p the response data in to “domains.” The following domains

were selected for the final element filtering:

Response Index Domain Data Categorization

0.0 - 0.14 Inconclusive relationshi p
0.15 - 0.49 Moderate Positive relationship
0.50 - 1.0 Strong Positive relationship
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• Looking closely at these domains , it may appear that the Moderate and Positive
categor ies have a wide range and are skewed high. For examp le, it may seem
unreasonable to specif y that indices of 0.50 and above are indicative of a strong
objective/techni que relationshi p. Normally, an upper domain would fall in the 70-80
percentile category. However , one must consider the effect of the indexing
al gorithm upon the response data. The algorithm specifies that two fractions must
be multi plied together to obtain the composite index. When two fractions are
multi plied , the result is a smaller fractio n. For instance , if the first fra ction in the
algorithm (indicating the total number of positive responses related to total
parti cipants) was relatively hi gh - .8 or eighty percent - and the second f raction
(whi ch weights strong responses) was also .8, the composite index would be .64 or
sixty-four percent. If the upper domain was related to indices of .70 or above , this
example index would have been classified as moderate. Intuitively, the relationshi p
would have been classified as strong. For this reason , the domains used in this
analys is were adjus ted as necessary to approxima te in tuition and permit the lumping
of objec tive/ technique rela tionshi p indices into the broad categories.

The final filtered results of Part 3 of the survey/questionnaire are presented in
Appendix E. Those elements which fell into the 0.0 - 0.14 domain are indicated by a
blank and therefore make the strong (S) and moderate (M) indices readily visible.

As Appendix E shows, there are 10 strong and 65 moderate objective/technique
relationships. The strong and moderate relationships identified occupy 75/416 or 18
percen t of the ori ginal matrix of objectives and techniques.

The number of strong and positive elements prohibits detailed discussion of each
element in this report. However , only a brief glance at the Part 3 summary
iden ti f ies some particularl y interesting objective/technique relationshi ps which are
illustrated below.

A few management techniques were identified which dppeared to be useful toward

achievement of many objectives. Those with the highest apparent usefulness were:
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Project Manager Concept
- Softw are Notebook

I Reviews and Audits

User Involvement Planning

Industry and Technical Involvement
- Chan ge Control Board

1 In addition, some of the development objectives were identified as having many

- 

- 

management tools which had a strong or moderate effect toward achievement of the

objective.

• 
Figure 4.3.3.1 illustrates the objectives which are strongly effected by certain

management tools.

Objective Strongl y Effe cted by

• On Schedule Project Manager Concept

Under Cost Project Mana ger Concept

Usefulness Demonstration User Involvement Planning
I ndustry and Technical Involvement

Status Visibility Pr oject Control Room

R eviews and A udits

User Involvemen t User Involvement Planning

Configuration Management Change Control Board

Blockpoint Change Control

Satisfy Diverse Needs User Involvement Planning

Figure 4.3.3.1
STRONG OBJECTIVE /TECHN IQUE RELAT iONSHIPS

Status Visibil ity was identified as having 11 techniques which had a moderate effect

• and 2 techniques which had a strong effect.
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Confi guration Management was moderatel y effected by 4 techniques and strongly

- I effected by 2 techniques .

Standard/Procedure Compliance was moderatel y effe cted by 10 techniques.

There are some instances in which the effectivity index (i.e., the observed

objective/t echnique relationship) does not match either our intuition or statements

of intent. Such instances can be attributed to poor survey response data , ambiguous

description of the objective or technique , or simply that a chosen technique

measures up as less powerful than advertised. Investigation of these instances and

resolution of the cause will be a subject of subsequent reports on the findings of the

Management Tools Case Stud y.
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5.0 INDIVIDUAL RESPONSIBILITIES AND DIR ECTION

5.1 KEY RESPONSIBILITIES

To identify individuals within IPAD with key functional responsibilities, a list of

individuals was obtained from the Management Plan. This list was shown to the

IPA D Software Development Manager to ensure that all individuals had been

identified. A few names and titles were added and a draft  of the revised
Management Plan was provided which contained textual descriptions of key respon-
sibilities in planning, controlling, reviewin g and assessing project activities. It is
appropriate to define what the terms planning, controlling, reviewing, and as-

sessing mean and imply.

Responsibilities in planning are concerned with  devising a scheme for making, doing

or arrang ing project activity. Controlling responsibilities imply regulating, direct-
- 

ing and exercising authority over the course of project activities. Responsibilities

in reviewing concern the formal inspection or critical evaluation of project activi-

ties. Assessing responsibilities relate to jud gment of the worth , importance or

value of project activities.

The central individuals in the planning, controlling, reviewi ng and assessing efforts
are the Program Manage r (PM) and the Assistant Program Manager. The PM is

responsible for the technical approach and content of the engineering and software

products , cost and schedule control , the interface between the development team

and the Industry Technical Advisory Board , and for total IPAD contract perform-
• ance . The emphasis of the PM is on long-term , general direction while day-to--day
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functional management is delegated to other managers. The Assistant Program
Manager supports the PM throug h complementa ry (rather than duplicative) responsi-
bilities whi ch are of the near term , day-to-day program operations nature. The
Assistant Program Manager provides overall daily technical integration and coordi-

nation , assists the PM in review preparation (and any resulting action item follow-

up), and is the focal point for all contract deliverables.

The PM delegates responsibility and authority to other IPAD managers. The

following sections contain textual descri ptions of the responsibilities of the key

IPAD individuals. These descriptions were obtained from a draft of the revised

Management Plan and may, therefore , be subject to minor modifications.

5 .1 . 1  Business Manager (BM)

The Business Manager has the responsibility of preparing all monthly and quarterly

schedule and cost reports; of reviewing cost and schedule performance; of establish-

ing and maintaining the IPAD control room; and of interacting with Contract

Administration in defining and negotiating contract questions. He has the author-

ity to access Boeing Company records for the purpose of extracting relevant

cost data for reporting and performance review; and to require relevant resource

and schedule data from other functional group heads. He will assist Program

Support in the purchase or rental of computing facilities. He is responsible for

definin g the requirements for progr am physical facilities and coordinating the

installation of those fa cilities.

5.1.2 Industry Technical Advisory Board (ITAB ) Inter l ace Manager

The ITAB Interface Manager has the responsibilit y of preparing the User Involve-

ment Plan; of organizing and manag in g the functioning of ITAB; and to correlate

I PAD developments with Boeing engineering and manufacturing organizations.

32

L~. 
- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



-__.~~—~—- —~~~~~~~~~~-- -~~~~ —-- —-

~~~~~~~~~

- -----—--

~~~~~~~~~~

--•-- - - - -

He is responsible f or contacting ITAB representatives for the purposes of organizing
meetings, communica ting technical informa tion, and conducting criti ques. He will

also contact the management and technical personnel of IPAD users , as directed by

NASA , to arrange or negotiate communication, training, etc.

5.1.3 Engineering Development Manager (EUM)

The Engineering Development Manager has the overall responsibility for the

• engineering tasks on the IPAD Program. These tasks essentially cover user

functional requiremen ts, reviews of sof tware design, sof tware acceptance and

training. He is assisted by key personnel with responsibilities for engineering
process defin itions , produc t manufac turing interface definitions , infor mation pr o-
cessing requirements , ana user functional requirements. New responsibilities will be
assigned to key personnel consistent with later phases of th e program involving such
tasks as acceptance testing, and training. He will work with the ITAB lnterf ace

Manager in corresponding with and obtaining reviews by ITAB members or other

members of the using community.

He has the authority to specif y and prepare with NASA concurrence , or as directed

by NA SA , technical computer programs and data bases to be used f or demonstration ,
installation and acceptance testing; to accept or reject software specifications,
designs and release definitions based upon their compliance with the engineeri ng
f unctional requirements; and to accept or reject all [PAD software installations
based upon the acceptance tests. The integration of engineering and software
technology is the responsibility of the Assistant Program Manager. Conflicts

between engineering and software development will be resolved by the Program

Manager.

5.1.4 Software Development Manager (SDM)

The Software Development Manager has overall responsibility for all computing-

related activities on the IPAD project including organizing, planning, directing,

-~~ 
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controlling, and reporting. He has responsibility for the cost, schedule, and quality

performance of all com puti ng tasks on the program.

The Software Development Manager will develop the organizational structure for
the systems group that will best achieve system objectives and prepare job

• descri ptions for all key personnel showing clear lines of responsibility, decision-
making authority, and well defined accountability. He will obtain the necessary
staff required , coordinate training requirements and conduct an effective training
program , monitor personnel performance and conduct performance reviews for the

systems staff , and coordinate —onsultation support, as required.

He will ensure that planning activities are conducted so that tasks and activities
have clearly defi ned objectives , task dependencies , priorities , risks , milestones, and

responsibilities as well as realistic estimates and schedules and will document and

presen t such plans for review by the Program Manager. He will review and approve

all subor dinate plans in the areas of user involvemen t, developmen t test, acceptance
test , incremental release, trainin g, documentation , and confi guration and control.

The Software Development Manager will  mitiate policies and procedures for the

performance of sof tware developmen t activi ties includ ing planning, estima ting,
design , construction, testing, main tenance, resource usage, training, and gener al

administration. He will ensure that the systems team is properly motivated to deal

with their responsibilities and with personal problems that mi ght interfere with the

performance of their duties. This responsibility includes handling all communi-

cations external to the systems group and coordinating the systems team ’s required

involvement in those communications to minimize the impact on their work load.

The Software Development Manager will also deal with all administrative re-
sponsibilities of the systems organization and make (or obtain) decisions in a timel y
manner to keep the project moving without undue delays. He will monitor and

review the IPAD project’s progress in the areas of cost , schedule , and quality
- 
- performance; anticipate and identify problems and incorporate contingency plans to
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deal with th em; and evaluate personnel performance and take corrective action as

required.

The Software Development Manager will report to the program management on

manpower and skill requirements , schedule and resource utilization , technical status

uf milestones and deliverables , and problems with resulting impacts and contingency

- - 
- actions taken.

5.1.5 Technical Director/Chief Designer (CD)

The Technical Director is responsible for the design , construction , development

- 
• testing, maintenance , and documentation of the IPAD computing system. He will

ensu re that these items are correct, compliant with the contract statement of work

and the [PAD requirements , and consistent with [PAD software development

standards. He is responsible for preparing f or reviews of the computing technical

work , presenting the results of such work at those reviews , and fo r responding to

action items and recommendations that result from those reviews.

The IPAD Technical Director/Chief Designer is the leader of the [PAD design team ,

which consists of the [PAD Systems Integrator/Assistant Chief Designer and the

I PAD System Technical Leaders for the following functions: 1) Methodology;

standards , and tools; 2) Distributed computing system; 3) Data management system;

4) User interface; 5) User functions; and 6) Geometry/grap hics.

The [PAD Technical Director/Chief Designer is responsible for planning technical

tasks under his control or delegating such tasks to the [PAD Systems Integrator/

Assistant Chief Designer or to the appropriate [PAD System Technical Leader(s) .

He directs key people in carry ing out planned tasks, establi shes software develop-

ment standards , and acquires the methods and tools that will be used to support the

[PAD computing tasks.
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The IPAD Technical Director/Chief Designer will define the manpower requirements
of the computing staff. He will identify training and technical consultation
requirements and commercial sources of [PAD system software components and will
provide assistance in completing [PAD software development tasks.

The IPAD Technical Director/Chief Designer (AD) has the authority to approve the
• compu ting task plans and end items, and he will appr ove computing standar ds,

methods , and tools used to support the software development tasks. He is directly
accountable to the IPAD Software Development Manage r for the planning, conduct ,
completion , and quality of all [PAD software development tasks. He reports on the
status of [PAD system technical tasks to the IPAD System Development Manager.

-
• 5.1.6 IPAD Systems Integrator/Assistant Chief Designer (AD)

The [PAD Systems Integrator/Assistant Chief Designer will assist the Chief Design-
er in consolidating all of the [PAD component designs into a total system design at
each level of detail, maintaining a log of design decisions and unresolved design
problems, and identifying task interdependencies between the development teams.

As [PAD Systems Integrator, he will primarily be responsible for technical assist-

ance in the resolution of [PAD system problems , drawing upon the expertise of
computing specialists , eng ineers , and others as necessary.

From the results of the various design teams , the [PAD Systems Integrator will —

F en sure pr oduction of a complete, consistent , integrated design. He will continually
review 1) technical designs , especially fo r compatibility with identified program !

• SOW requirements , and 2) design and documentation for conformity to applicable
standards. He will also schedule , coordinate , and conduct technical reviews and
work sessions relative to design integration and their problem identification and
resolution. I

I
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The [PAD Systems Integrator/Assistant Chief Designer will prov ide technical
support in the form of review responses; coordinate design document production;
identify and coordinate resolution of conflicts between design and documentation;
develop an [PAD user ’s manual; participate in software design and developm ent

experiments; assist in training activities; and provide support to the [PAD operations
or ganization as appropriate.

5.1.7 Technical Leader--Methodology, Standards and Tools (IL)

Under the direction of the Technical Director/Chief Designer, the Technical
Leader-- Me thods, Standards, and Tools, will define and document sof tware develop-
ment procedures , standards , and general software engineering methodology for the
I PAD project and will devise necessary tools and aids to support such development.
This task consists of the subtasks described in the following paragrap hs:

Establishing standards for [PAD software development documents--This sub-
task involves defining the content and format of the: a) [PAD Requirements

Document , b) Prelimi nary Design Document , c) IPAD Detail Design Docu-

m ent , and d) [PAD Program Document.

Establishing review procedures for major [PAD software development tasks
and results--This subtask defines the expected results , material to be review-
ed, procedure for conducting a review , and responsibilities for each major

re view. Procedures apply to reviews to be conducted at Boeing; however , they

may also be used by NASA for conducting Intermediate Design Reviews (IDR )

and Critical Design Reviews (CDR). These IPAD reviews cover: a) Require-
ments; b) Preliminary design; c) Detail design; d) Program construction ,

testing, and eval uation; e) Program and documentation acceptance test; and f)

Installation.

Formulated softwame development methods--This subtask will formulate and

document methods to be used in defining, developing, describing, testing,



evaluating, installing, and maintaining [PAD software. Such methods include:
a) R equirements analysis; b) Prelim inary design; c) Detail design; d) Program
construction; e) Progra m evaluation; f) Program testing; g) Program
installation; and h) Program maintenance.

• Identify, acquire , and implement software development tools and aids--This
subta sk is for the purpose of identifying, acquiring, and implementing tools and

aids for the development of the [PAD program when limited amounts of time
and resources and little or no modificat~ons are required. Tools and aids
incl ude: a) Module workbook , b) Coding standards , and c) Program
modifi cation and library maintenance.

Establish software development reporting standards and procedures--This

subtask will define the content , format , and application of the following S
reports to be published by the IPAD Software Development Group: a)
rechnical status , b) Technical problems , and c) Technical bulletin.

5.1.8 Program Support Manager

The Program Support Manager has the responsibility of preparing the documentation
and configuration control plans, manag ing and developing the dedicated development
computer , packaging software for delivery, preparing final art text for formal
con tract docum en ts , and fo r establishing and maintaining the [PAD Program Support

Library.

5.1.9 [PAD System Technical Leaders--Major Components

Und er the direction of the Technical Director/Chief Designer , an IPAD System
Technical Leader is responsible for the design , construction , development testing,
and documen tation of one or more specific major [PAD system components , as

assigned. Each Technical Leader will ensure that: a) These items are correct; b)

Designs satisfy their requirements; c) Progr~ms satisfy their design specifications;
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and d) Designs, programs , and documents produced by his team conform to [PAD

Software Development Standards. Each Technical Leader is responsible for planning
the tasks of his team; for day-to-day technical problem-solving assistance to his

team; for seeking assistance from the Chief Designer in such problem-solving, as

necessary; and for defining manpower , schedule , and training requirements. He shall

participate in the preparation and presentation of technical reviews.

Each [PAD System Technical Leader has the authority to carry out plann ed tasks in
— the area for which he is responsible when such plans are approved by the IPAD

Technical Director/Chief Designer. He shall approve or disapprove the designs,

sof tware modules, or document units produced under his direction.

5.2 FORMAL AND INFORMAL DIRECTION

Project communication between the key indiv iduals previously identified occur s

th rough formal and informal channels. The formal or administrative relationshi p

that the individuals communicate throug h is shown in Fi gure 5.2-1.

Notice that the Program Manager and the Assistant Program Manager are depicted

as sharing responsibilities at the same level. This separation of program manage-

ment responsibilities is meant to focus the Program Manager ’s attention on general ,

long-term program direction , financial/ schedule control and external requirements.

The Assistant Program Manager then directs the daily program operations.

The Software Development Manager and the Technical Director share a supportive

role also. The Software Development Manager deals with all the administrative

responsibilities of the systems group, f reeing the Technical Director to deal with

design , const r uction, development testing and maintenance details.

The key individuals identified in Section 5.1 receive formal and informal direction

when f ulfilling their designated responsibilities.
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Figure 5.2-1 FORMAL PROGRAM 0RGAN 1ZA TI~ N AND REPORT ING RELAT IONSHIPS
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For mal direction is premeditated and usually written down. It consists of policies ,
procedures, standards and communication at all levels (i.e., headquar ters, company,
district and division are Boeing levels) which must be followed by individuals when

- ;I carry ing out funètional responsibilities.

Informal direction may be written down but is usually in the form of oral

communication. This kind of direction ‘s usually a result of a problem which has
occur red and was not anticipated , therefore no formal direction was specified.
Generally, problems occur and a solution is devised , documented and im plemented.
Informal direction may be given as a result of the level of expertise of key
individuals , or it may be acquired throug h current literature in the field.

Formal and informal direction was investigated via the M.~nagement Plan and

through conversations with some of the individuals with key responsibilities.

Generally, the following types of formal and informa l direction were iden tified:

Formal Direction

• Boein g and BCS internal procedures

• Boeing and BCS operating procedures

• Boeing and BCS Contracts Group

• Boeing and BCS Finance Group

• NASA Reporting Procedures, Documentation Standards

• IPAD Statement of Work

• [PAD Proposal

• [PAD Feasibility Study

• [PAD Requirements

• Formal reviews of both documents and tasks by NASA , [P0 ari d ITAB

• Direction through lines of organizational structure

• [PAD Review Procedures

• [PAD Coding Standards
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• DOD Industrial Security Regulations

• [PAD Software Development Standards

Informal Direction

• Experience

• Training, Lectures, Demonstrations

• Informal Reviews of documents and tasks by NASA, [PAD Project

Office (lPO), and [TAB
-
• • Problem Sessions, self-study workshops

• NASA Technical Bulletins

• NASA documents on structured programming and top-down design

• SSDM Phased-Development Approach methodology

• Current literature in related areas

• Standards at other companies

• RADC series on Structured Programming

• American National Standards Institute (ANSI) Standards

• [PAD Team Members

• Comparison with similar historical project activities

• Computing Spec ialists

• Boeing Data Center Specialists

Each key ind iv idual uses formal and informal direction in a different manner. The

following paragraphs discuss the way each of the individuals identified earlier use

formal and informal direction.

The Business Manager relies on formal direction from the Boeing Finance and

Contrac ts groups to determine the con ten t and frequency of various cost and

schedule reports. NASA Reporting Procedu res and documentation standards also

provide formal d irec tion of repor t con tent and format. When defining physical

facility requirements he is assisted by formal Boeing and BCS operating procedures

which apply to lease/buy decisions.
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Informall y, the Business Manager is directed by his own experience and training as
well as that of other IPAD team members.

The [TAB Interface Manager receives formal direction from the [PAD Proposal and

the [PAD Statement of Work. These documents define the format and content of
the User Involvement Plan, the number and types of [TAB members as well as

functional responsibilities of [TAB members.

Informall y, he relies upon his experience and that of [PAD team members and

Boeing to determine the [TAB members and to conduct [TAB reviews.

The Engineering Development Manager receives formal direction through the [PAD

Feasibility Stud y, the [PAD Statement of Work (SOW), [PA D Requirements , fo rmal

reviews by ITAB, [P0 and NASA, BCS and Boeing Commerc ial Airp lane Company

(BCAC) internal procedures. Each of these kinds of formal direction assist him in

determining and compl ying with the functional requirements of [PAD , conducting

sof tware design reviews , and software acceptance and training.

BCAC specialists and documentation provide informal direction when establishing

the product manufacturing interface definitions. The content and format of training

materials is informally directed by the experience of the Engineering Developm ent

Manager and other members of the IPAD team as well as that of other experts in

the field.

The Software Development Manager relies on BCS and BCAC procedures and

policies as well as the SOW and Proposal when defining the organizational structure

of [PAD. When reviewing the cost and schedule of project activities he relies on the

for mal assistance of the Business Manager and the Boeing Finance group.

Some facets of organizational structure deveh pment are informally directed by the

experience and judge ment of the Software Development Manager. He also relies on
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his experience and that of other members of the [PAD when initiating policies and

procedures in planning, estimating and design.

The Technical Director/Chief Designer uses the [PAD Requirements , SOW and

established standards as formal direction to ensure that items of the computing

system are correct and satisfy requirements. Policies established by [PAD set

formal guidelines for review content and format.

Informal l y, past experience of the [PAD managers and the [PAD team , as well as

current related literature and NASA and BCS guidelines aid in the development of

coding standards and development testing.

Formal direction to the Systems Integrator is provided to consolidate the design

components and resolve problems by the [PAD Management Plan, SOW and [PAD

requirements. A design representation and analysis tool is available to assist testing

of the design for completeness and consistency, however , use of this tool is not

required. *

The Technical Leader receives formal direction from the Chief Designer and the

NASA [PAD project office in the development of standards, sof tware developmen t

procedures and the software engineering methodology.

A good deal of his work is informally directed throug h refe rence to NASA design

standards documents , BCS Systematic Software Development and Maintenance

(SSDM), current literature in the field , m ilitary standar ds, standards from other

*During initial research the tool was under development , however , development of

the tool was discontinued. A prel iminary version of the tool which serves to

docu ment the design and provide some rudimentary anal ysis capabilities is available

for [PAD use.
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companies, Boeing Standards , NASA Technical Bulletins and the RADC series on
Structured Programming. In addition , standards established by the American
National Standards Institute (ANSI) are informally used.

The Program Support Manager is formally directed by the IPAD SOW , NA SA docu-
mentation Standards , the [PAD Feasibility Stud y, Boeing Standards , DOD Industrial

Security R egulations and the IPAD Contract Schedule in preparation of the

documen tation and confi guration control plans. BCS, BCAC , Boeing Data Center ,
and NASA procedures for confi guration control and program support libraries are

used when applicable.

The Program Support Manager relies heavily on his many years of experience in
confi guration control and program support. He has an established rapport with the

Boeing Data Center as well as with other Boeing individuals whom he relies upon for
knowledge and aid in problem correction.

The System Technical Leaders are formally directed by the Technical

Director/Chief Designer. They rely upon the SO’JJ and [PAD Requirements to ensure
that the desi gn satisfies the contractual requirements. The standards developed by
the Technical Leader of Methodology, Sta n dards and Tools , are used by the other
Technical Leaders to determine conformance to project standards.

When definin g manpower , schedule and training requirements for a major [PAD

system com ponent , the Technical Leaders rel y on their experience as well as

comparison with similar historical project activities. An automated tool (called
Project Control/70) which contains records of previous project schedule and

man power requirements is informally relied upon to compile com ponent resource
require m ents. In addition , all members of the component development team
participate in the planning process. This partici pation ensures accurate estimation
and allows other team members to gain valuable experience.
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5.3 RELATIO N BETWEEN DIR ECTION AND PROGRAM OB3ECT [VES

To verify the research into formal direction , dependence on informal direction , and

to initiate determination of the relationshi p between direction and the program

objectives, we formulated three hypothetical scenarios illustrative of typical
- I problems and situations often encountered in major software development efforts.

• Briefly,  these hypotheti cal scenarios depicted:

a) A requirements change during a Critical Design Review (CDR).

b) A design deficiency discover ed by the I PAD Technical Advisory Board
- 

- ([TAB).
-

• 

c) Concern about an acceptable measure of testing sufficiency during a

Preliminary Design Review (PDR) .

The scenarios have been more fully described in Appendix F, H ypothetical [PAD

Situation Scenarios.

These hypothetical scenarios were distributed to the [PAD Software Development

Mana ger for study and resolution. The Software Development Manager consulted
[PAD team members who would be responsible for scenario resolution and produced

li sts of steps which would be taken to resolve the hypothetical scenarios. These lists

have been reproduced in Appendix G , [PAD Scenario Resolution.

The scenarios were illustrative of direction received, responsibili ties fulf illed and

actions taken to resolve hypothetical problems . They provided evidence of a strong

relationship between formal and informal direction and IPAD team member respon-

sibilities.

The resolution of the scenarios did not give evidence of a strong, explicit

relationship between the program objectives and formal and informal direction. An

all-encompassing methodology which attempts to show that a specific form of

fo rmal or informal direction will accompli sh a pa~rticular program objective cannot
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be derived. There exist components of formal and informal direction which cannot
be predefined and are therefore not measurable. Examp les of such componen ts are

personalities and individual experience and capability.

• However , the scenarios were illust r ative of the manner in which dispatching of

responsibilities relates to the achievement of program objectives. In essence,
-
• 

cor rective action (to resolve the scenarios) occurr ed through the dispatching of
responsibilities. En this way, satisfac tion of program objectives can be achieved by
expediting responsibilities.

To provide an illustration of the manner in which responsibilities satisfy program
• - objectives, the scenarios were used in conjunction with definitions of responsibilities

set forth by Robert D. Melcher in a paper entitled “Roles and Relationshi ps:
Cla rifying the Manager ’s Job.” Melcher defines types of managerial responsibility:

A. General Responsibility - The individual guides and directs the execution of
the f unction through the person delegated operating responsibility.

B. Operating Responsibility - The individual is directly responsible for the

execution of the function.
C. Specific Responsibility - The individual is responsible for executing a - -

specific or limited portion of the function.
D. Consulted - The individual, if the decision affects his area, must be called

upon before any decision is made or approval is granted , to render advice

or relate information , but not to make the decision or grant approval.
E. Notified - The individual must be notified of action that has been taken.
F. ~ pprove - The individual (other than persons holding general and operating

responsibility ) must approve or disapprove.

A matrix was constructed which depicted the scenario corrective steps (from

• A ppendix G) vertically and key [PAD individuals horizontally. For each step, the

individuals having the types of managerial responsibilities described above were
identifi ed. Next , each corrective step was assumed to have been initiated to
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achieve one or more of the thirteen program objectives identified earlier. Objec-
tives which were associated with the corrective steps were identified in the right-
most column of the matrix. Fi gure 5.3- 1 illustrates the matrix representing
Scenario 1.

In this case, the first step in scenario resolution was [PAD Program Manager ’s (PM)
notifi cation of the Critical Design Review action item. The PM has specific
responsibility to direct the overall execution of tasks in order to accomplish the
requirements change hypothesized by Scenario 1. The NASA [PAD Project Office
([P0) must approve the action item which resulted from the supposed CDR.
Program objectives 4 and 12, Status Visibility and Contractor Comm itment,
respectivel y, are supported by Step 1. By notif ying the PM and the NASA [P0 , a
hi gh degree of visibility is afforded to the action item. PM notification provides
contractor (BCS) commitment at a very hi gh level.

Each of the steps for processing the action item associated with Scenario 1 has been
evaluated in a like manner and is documented in F igure 5.3-1. Scenar io 2 steps were
likewise evaluated and the results appear in Figure 5.3-2.

The use of scenario resolution steps in conjunction with definitions of managerial
responsibilities defined by Mel cher has helped to show the strong relationship of
responsibilities to program objectives.

Study of the development/management objectives supported by the functional
events of all scenarios as depicted in Figures 5.3- 1 and 5.3-2 will show that not all
th e objectives were supported by the set of steps. This occurs due to the situations
depicted by the scenarios. That is, the objectives not listed (Nos. 1, 2 , 3, 6, 7, 11

and 13) would be supported by scenarios depicting different situations. For example ,
a scenario concerning the assessment , evaluation and replanning of a scheduled WBS
task would support objectives 1 and 2 (among others) .
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It should also be pointed out that the use of Robert Melcher’S defi nitions of

responsibilities is a ~~~~ limited use of part of a tool he has developed called the

— Management Responsibility Guide (MRG) . The MRG is a planned and systematic

approach to group and related managerial functions in a manner to aid an

I organization and objectively solve its organizational problems.

H -~~~
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6.0 STATUS, PROGRESS AND PERFORMANCE INDICATORS

6.1 GENERAL INFORMATION

-

- - Task 4 calls for determining (through key people and by studyin g the Management
Plan) what indicators [PAD is using to assess status , progress ~nd performance. It
is appropriate to define what the terms status , progress and performance mean and
imply.

- 
- Status is a set of circumstances or attributes which characterize a person or thing

at a particular t%me. This imples that a status indicator is that which provides
explicit evidence of the state or condition of the [PAD program.

- 

- To progress means to move forward or onward; to advance toward completion or a

I hi gher state. This has several implications: first , that there exists a thing which is
I uncompleted; second, that progress can be measured as an increment or change in

• the status of somethin g. Progress indicators of the [PAD program give evidence of
the change in status.

Performance is the execution, accomplishment or fulf i l lment of something or some
- task. To perform a task implies some sort of operation or functioning, usually with

regard -to effectiveness. That is, the ingredients of performance are productivity
as well as worth or value. Performance indicators on [PAD give eviden ce of the
effi cient consumption of effort to accomplish a task effectively and with a degree
of technical excellence.
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6.2 MONITORING STATUS , PROGRESS AND PERFORMANCE

Monitor ing of status, progress and performanc e is aided through the use of the Work

Breakdown Structure and the Work Authorization Form. The principle program

management control mechanism is the Work Breakdown Structure (WBS) and the

monitoring and review of design and development technical performance relative to

planned schedule and cost of work breakdown items. The following figure , copied

from the IPAD Management Plan , indicates the pervasive use of the WBS in [PAD.

As F igure 6.2- 1 illustrates , the W BS is the basis for scheduling, management by the

project organization , recording of costs incurred and project reporting. The formal

means for delegating work in the [PAD Program environment is the Work Authori-

zation. Work authorization consists of three things: the assignment of responsi-

bility, granting of authority, and accounting for results. Formal accountability is

achi eved through use of the Work Authoriza tion form. A copy of the current [PAD

Work Authorization (WA) form is shown in Figure 6.2-2. The WA describes work to

be performed for each WBS unit. When an authorization for a particular level of

the WBS is issued, all supporting tasks are implicitly authorized .

- 
I 6.3 IPt .ü IND ICATORS

• During research into IPA ID indicators of status , progress and performance it became

inc reasingl y apparent that most of the indicators were provided through the use of

the management tools and techniques discussed previously. This , however, was not

surprising since the tools were chosen (by [PAD) for the aid they would provide in

the areas of proje ct administration , planning, eval uation and control.

The list which follows describes indicators which [PAD uses to assess status ,

progress and performance. When the indicator is provide d through the use of a tool ,

the tool name is supplied and the list of tools (Section 2.2) should be cross-

refe renced since the tool description contains a general description of the indicator.
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WORK AUTHORIZATION (WA)

~ROJECT:______________________ ____________________________ WBS NO:____________________

ISSUE DATE:______________________

REVISION NO: _____________________

;TART: 
____________________ 

FINISH:___________________ REVISION DATE: _____________________

RITICAL PATH ~ IJ  YES NO

• REDECESSO R TASKS: 
______________ _______________ _______________ _______________ _______________

UCCESSOR TASKS: 
_____________ ______________ ______________ ______________ _________

ESCRIPTION:

XPECTED OUTPUTS , RESULTS , AND MILESTONES :

SUPPORTING WRS SUBTASKS

F EST .
W BS NO. f DESCRIPTION ASSIGNED HRS . PREDECESSOP.S

_ -  

-_

_ __ _ _ _  _ _  _ _ _I
_ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  —____

_  
- k u  

_ _

EAM MEMBER SIGNATURE: 
__________________________ 

DATE :________________________

ECHNICAL MANAGER SLGNATUR E: _ _______________________ 
DATE:_____________ _________

Fi gure 6 .2 -2  SAMPLE I PA D WORK AUTHORIZATION FORM
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The Project File , as a centralized base of project information , contains status,

progress and performance indicators. Status indicators are in the form of

repor ts, correspondence , documen tation of findings , conclusions , recommen-
dations and change requests. Progress indicators are minutes of reviews and

- 
- meetings , and reports. Performance indicators can be found in documentation

of f indings , conclusions , and recommenda tions, minutes of reviews and meet-

ings, workshee ts and other analyses, project performance data and documen-
tation on problems and lessons learned.

2. The Software Module Workbook (also called the Software Notebook) of IPAD

contains two kinds of data; that which w ill be included in design documents,
and that which is included to provide management with an understanding of

implementation status. Design document information includes module pro—

gram listings , fi gures and diagrams. Status , progress and performance
visibili ty is provided throug h the following types of informa tion:

• Walk-through Approval Sheets

• Implementation Plans

• Test Results

• Discrepancy Repor ts

Walk -throug h A pproval Sheets are the result of the structured walk-throug h

and certify that the module being reviewed is either accepted or to be revised.
The Approval Sheets provide quick visibility into module review/acceptance

status. A copy of the Walk-through Approval Sheet is shown in Fi gure 6.3-2,

foll owing Item No. 5, Walk -throug h.

Implementation Plans contain Work Authorization forms filled out as part of

component planning as well as documentation used to generate estimates and

schedules.

I
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Test Results consist of a test summary, test results, and test case input
sections. Each test is described (complete with environment specification),
the results of each case are recorded , and correspondence of results with
acceptance criteria are noted. The design team manager uses the Software

‘

I 

Module Workbook to monitor module status , progress and performance .

Discrepancy Reports are used when a problem has been found in modules which
have been placed under configuration control. A sample Software Problem
Re port is shown in Figure 6.3-6, followin g [tern No. 12, Software Confi guration
M anagement. Although not in use by IPAD at the present time , a Software
Notebook generally contains a Summary Cover Sheet like that shown in Figure
6.3-1. As the figure illustra tes, the status of a module can easily be

determined by gla ncing at the Cover Sheet.

3. The Support Library contains an official copy of the latest version of the
program. The status of software construction can be determined by obtaining
the number of modules stored within the library. Since the library contains
archive program data , comparison of current and archive data will pro vide
evidence of pro gress.

4. The Project Control room , as a tool for promoting good communications ,

• provides evidence of stat us, progress and performance in relation to plan.
Usuall y the I PAD project room contains displays on detailed schedules , budget
cost charts , delin quent items , action items, project technical performance ,
status assessment , milestone schedules and critical events. The Project Room
is the cent ral location of evidence of status, progress and performance
indicato rs.

5. A walk- through can provide an indication of programming quality (perform-

ance) as errors , discrepancies , exposures and inconsistencies may be identified
it while the programmer “walks” the other group members through the module
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DATE
DUE COM- OR[G[NATOR REVIEWER

DATE PLETED

1. REQUIREMENTS
SPECIFICATION

• -
- 2. DESIGN OVERVIEW

3. INTERFACE DESCRIPTION

4. DATA FLOW DIAGRAM

5. METACODE DESIGN
DESCRIPTION

6. ASSUMPTIONS AND
CONSTRAINTS

7. DESIGN TEST

8. REVIEW OF DESIGN TE ,T

9. MODULE CODE

• 0~~ COMPONENT TEST CASE
DESCRIPTIONS

1. REVIEW OF COMPONENT
TEST CASES

2. TEST CASE RESULTS

3. SU P PORT LIBRARY
CONTROL

4. DISCREPANCY REPORT
F iLE

5. SIGN-OFF COMPLETED
MODULE

H 
/

/

Figure 6.3- ]. SAMPLE SOFTWARE NOTEBOOK COVER SHEET
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logic and data flow. It also provides a measure of progress since it represents
com pletion and review of a component.

[PAD Structured Walk-throughs follow specified rules or procedures and each
parti cipant has a designated role/function which he must fulfill. The result of
an [PAD Structured Walk-through is a Walk-through Report (also called a
Walk -throug h A pproval Sheet). A sample Walk-through Report is shown in
Figure 6.3-2. The Report documents the participants ’ responsibilities, the
review agenda and review decision. The review may result in an action list of
items to be resolved. By viewing the Walk-throug h Reports , the various [PAD
team leaders have evidence of status, progress and performance.

6. Inspections provide performance indication as the program product is verified
for compliance with requirements and acceptance criteria. Since inspections
are a means to capture statistics about detected errors , a collection of
inspection documen tation should provide a good indication of project perform-
ance.

7. Quality assu rance reviews and audits provide evidence of performance since
they test for satisfaction of requiremen ts, conformance to specifications and
adequacy of development and independent testing. For example, each
document is subject to rigorous quality assurance control. A QA Check List
accom panies the document for review by the manager responsible for docu-
ment development, the Quality Assurance and Configuration Control Manager ,
the Assistant Program Manager , and the Program Manager. A copy of this
form is presented in F igure 6.3-3. This form also depicts the document review
status at any time during the review cycle. A manager is able to determine
wh ether approval has been granted by each of the other responsible managers
by the presence or absence of signatures in the lower ri ght-hand corner.
Anothe r checklist is used for quality assurance and confi guration control. The
fo rm is a 50-item checklist of tasks which must be completed for each
document produced by [PAD. This form is presented in Fi gure 6.3-5
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Coordinator

Project

Coordinator’s Checklist:

1. Confirm with producer(s) that material is ready and stable 
_____

2. Issue invitations , assign responsibilities , distribute materials
- 

• I Date__________ Time__________ Duration__________
Place

______________________________

Responsibilities Participants Can Received
Attend ? Ma terials? =

Agenda:

1. All participants agree to follow the (same) set of rules.

2. New project: walkthrough of material
Old project: item-by-item checkoff of previous action list

3. Creation of new action list (contribution s by each parti cipant )

4. Group decision

5. Deliver copy of this form to project management

Decision _____Accept product as-is
Revise (no further walkthrou gh)

- - _____Re vi se and schedule another walkthrough

Signatures: 
__________ _____ ____________ ________________

Figure 6 .3 -2 SAMPLE WALKTHRO UGH APPROVAL REPORT
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follo win g item 12 on configuration control indicators. Documentation quality
assurance status can be obtained quickly by scanning the column entitled

“COMPLETED BY” on this form.

8. IPAD programmers and designers mus t follow a detailed set of programm ing/
desi gn standards. Among the design standards is the requirement that the

4 
system be developed using top-down design. Top-down techniques are followed
and the problem is reduced into a set of components. IPAD components have

• : specified characteristics. For example:

- 

- 

a) It implements a defined set of functions required or implied by [PAD

software specifications.

b) The executable and comment statements (of the corresponding procedure)
can be listed contiguously.

c) The statements are enclosed by identifiable boundaries.

d) The component can be referenced from other parts of the program onl y by

its name or its single entry.

e) The component will have a single, common entry and a single, common
exit.

f )  The component can reference other components , suspend its execution
upon encountering procedure statements, and resume execution with the
next immediate statement.

g) All called components must return to their caller at the statement
immediately following the reference.
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While the seven component design standards are not the complete set of design
standards , th ey are illustrative of the conventions which must be followed.
Standards such as these provide a means for evaluating design/programming
performance.

9. User , industry and technical individuals review the progress and performance
of [PAD. They participate in the review and assessment of such data as:

a) User R equirements
b) System interface plans/specifications

- - 
- c) Software

d) Hardware Plans
e) Technical Plan-

f) Training Plans

g) Test Plans

h) Test Results

i) Development Schedules

j ) User Documentation
k) User Evaluation Results

The minutes (or reports) which result from user , industry or technical review

are evidence of IPAD progress and performance.

10. Informal auditing of conformance to documentation standards provides an

indication of the performance of the documentation development groups. The

[PAD Documentation Plan specifies the standards to be followed by the

various development groups. It also contains outlines of the planned contents

of each document. Formal Quality Assurance and Configuration Control (see

items 7 and 12) which is performed on each document provides evidence of

adherence to these standards thereby yielding indicators of performance.
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The Documentation Plan references applicable BCS format standards for each
document. Documents are typed using ATMS (Advanced Text Management

System - IBM) techniques according to specified format standards. No formal
auditing of adherence to these format standards is performed. However ,
informal auditing occurs by the ATMS typists (who are familiar with the

standards), and several IPAD managers (Program Support/ Quality Assurance
Manager, Program Manager, the manager responsible for documen t develop-
ment , etc.). Formal and informal control of document adherence to standards

can provide performance indicators by the number of errors detected and

corrected. This information can be obtained via the Quality Assurance Check

Sheet (see Figure 6.3-3).

I - 11. Software development tools in the area of design analysis and verification

pr ovide documentation of the ex isti ng design data base, thus supplyin g reports

indi cating the status of the design effort.  The system currently produces nine
reports. An example of such a report provided by the Integrated Design

— - Anal ysis Programs (IDAP) system is shown in Figure 6.3-4. This report, called

the Full PDL Report, provides current information about components of the

design, variables referenced by desi gn modules, and the state of desi gn
decomposition. Reports which have been generated earlier in the project

effo rt can be manually compared with current reports to provide an indication
of design progress. The IDAP system has a predefined set of constructs which

can be used to represent a design. The use of a construct not part of the

predefined set will not be accepted by IDAP. While the IDAP system does not

provide indica tors of performa nce, use of the system mus t conform to
standards; therefore a degree of technical excellence is implied.

It sho uld be noted that the IDAP system was under development through [PAD
funding until November, 1978. Due to time and money constraints, only the

first phase of the system was completed when [PAD-supported development
was discontinued. Therefore, while the first phase is available for use, the

system is not highly supported by IPAD managers or designers. Desi gn anal ysis
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capabilities are currently being developed by an [PAD-independen t group and

probably will not be available for timely use on [PAD.

12. Software configuration management provides evidence of status and progress
since the main thrus t of the technique is to maintain the integrity of all
program deliverables and other key program documentation and software. The

confi guration control process cons ists of the functions of status accounting
and change control. The basic major unit of work to be controlled is a

Configuration Item (CI). Usually a Cl is a specific document or unit of

software. The CI is identified and defined and all action toward completion of

work on the CI is documented and controlled. Thus , the status and progress of

a CI can easily be determined. Figure 6.3-5 prov ides an example of the

confi guration control process for document development. Each document goes
- 

1 
th rough 50 steps after the initial writing has been accomplished. The first 17
steps are performed on the review copy of the document , while steps 18 to 36

are performed on the approval copy and the last 14 steps (37-50) apply to the

final copy. Status of the document can easily be determined by scanning the

“COMPLETED BY” column of the Documentation Process Check Sheet. In a
like manner , progress can be determined by the progression of a docuici -~nt

through this cycle.

The Software Problem Report form (also called a Discrepancy Report) is used

to report detailed information about the identification, analys is and solution of
software problems. Figure 6.3-6 provides a sample Sof tware Problem Repor t
form. Initially the form contains a description of the problem or its

symptoms. As the problem is analyzed and corrected the form is used to

record detailed information.

13. The requirements specification baseline, after formal customer approval , is in
itself an indicator of status (completion of the requirements phase) and

progress (have progressed from requirements and are read y to begin
4
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A- -I A-~~~~~~~~~ - A - -~~~~~~~~~A - 1 A -~~~~~~

IPAD

~ JALIT~ ~~~~~~~~~~ ~~C. TITLE:
_____________________________

0~t~~IGURATIa4 C~~ P1~DL

mä~~~~ r~~ric~ ri~x~ss o-~a si~~r
Q)p’f 4~ 

TASK - rcri~~ IT~TlS SPC~1SIBILiTf DATE

PR
~~~

. S~~~ ?~~P~ p-CR. ~~‘-IE~.-S ~~~~~~~ P .S .M . __________ —

ASSI. P .M .  RE ’T~~~4S CtPY. ?SST. P.M. 
___________ —

-
, 

- 
P. t ’1. PrVtFWS COPY . P .M . __________ —

• INCEII-IEDIATE EDITTh~3, •WP]N3,
a)RpEcrIc,~s.

(13 REVI~~ COPY SIGNED BY AIrniOR, RF.SP. PESP .
- 

- 
t 4 R . aIThY . (dat~~ as of release date) ~ LTfl~OR 

___________ —

~~~~~ SUPPORT ~~ R. PPP~~)VES PELEASE. P .S . M . _________ —

ASSr. P.M.  APPPOVES PELF.ASE. ASST. P .M . __________

P. M . APP~~~1ES R~~ EASE . P .M . _________ —

A.T.M.S. FILE cLOSED. A.T.M.S.
__________________________________ T’-’PIST. __________ —

(13 5E~1E) COPY ~R) REPFCEXJCTION. ° .C .C. __________ —

PE~~~P~’E COPY FTY~14 pEPmcccrIc!~4 . P .C. C. __________ 
-_ 

- -

PPEPARE COVER lETTER. .~ .ç.c. ______— —

SIGN COVER LETPI’ER. P.S. M . — ________ —

® DISTRIBtJI’E REVIEW COPY . P A C . C .  _________ —

SEWD ORIGINAL ART qO CPAPHI(1~~. P .C.C.
•ITAB MF2-1BE1~~ REaUP~’E FsEVIEW COPY . __________ ________ —

NAS\
~ 

RECEIVES RI!’T[ tV COPY. ____________ __________ —
•(S.O.W. DELIVERY DATE 6 DAYS A7TER

~on~r n ABOVE )
NAS/VI AD PEVIDJ .

RECEIVE NASA / ITAB CCt44ENFS. P .C.C. /
____________________________________ RESP . ~43R . ___________

RECEIPT (F FINAL AR FREM GPAP!- IES. P .C.C. /
•FINI L IPAD EDIT . PEEP . ~-!3R. __________ —

• PREPARE ANOTATED APP1~)VAL COPY
FOR REVIThJ.

F Igure 6.3-5 SAMPLE DOCUMENTATION PROCESS CHECK SHEET (Page ir
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_ _ _ _

-!PAD
QUALITY ASSURANCE , I~~~ TITLES________________________________

ODNFIQJRATION CONTPOL 
. .______________________________

LXX. NO. :________________

~~~~~~~~~~~~~~~~~ PRX~~SS OHE~ K SHEET

COPY TASK-AcrIc~ ITEMS FES~~~~SIBfl.TPY

APPI~~VAI4 ® PR~G . SUPPORT NCR. REVTE~~~ COPY . P .S. ’4 . _________ —

® ABET • P. M . REVi EWS COPY . ASST P. M . __________ —

• P M  REVIEWS COPY . p~~ M~~ ______ —
A. T . M. S .

OPEN A .T.M.S. FILE . (see a}x’ve) -r’zrisc _________

• INTER-IEDIATE EDITIM , TfPfl-PL.

© RESP. MGR. , ALEI~-1OR CDEK1JR WITh APPPO~iAL RES?.
COPY BY SIGNCN3/DATINC THE (NECK SHEET. AIJ INOP __________ —

PRXL SUPPORT NCR. APP~OVE~/SIGNS COPY. ~~~~~~ M~ _________ —

ASST. P.M. APPPO’/F.S/SIGNS COPY . — 
ASST. P.M.  _________ —

P.M. APPPOVES/SICNS COPY . .~ ..M . _________ —

A.T.M.S. FILE cLOSED. A .T.M .S.________________________________ TYPIST __________

SEMI) COPY TO P~~ REOUCTICO. P.C. C. ___________ —

RECEiVE COPY PP’TN !IEPR2OUCTIC~J. P .C.C. __________ —

PREPANE PIPPRJVAL COPY COVER LETTER. P .C .C. ____ —

P.M. SIGNS COVE R LUTI’ER. P.M . __________ —

®FINAL REVIEW OF COLLATED (XX./IITE. O .F.. RESP . NCR. _________ —

DISTRIBUTION OF APPPTJAL COPY. P.C.C. — ___________ —• NASA P - lEES 1~- ~ RDVAL COPY .
• NASA REVUE .NASA i~o sIGNs/MAn.s

TITLE PP~ E.

® RECEIVES NASA APPROVAL. RESP . MSR./

SEND MATERIAL TO GRAPHICS FOR FINAL ~ .C.C. 
—

COVEP~~C-lA1N1NC ART WORK . - _____________ __________ —

® RE~~E1VFS COVE R fIND FINAL ART . P .C.C. _________ —

OPEN A.T. M. S . FILE AS PER ABOVE. A.T. M .S.
if r x ~itr~~~ ) TYPIST 

_______  —

•(Th~PUTE FINAL EDITINO, (DRREETIC!4 RIISP .
PI~~~~~SS BPISFD (14 ERCEP’F IONS (if  any) PILJTHC~

______ 
I N (~()_ABOVE . 

__________ ________

Figure 6.3-5 SAMPLE DOCUMENTATION PROCESS CHECK SHEET (Page 2)
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QUALITY ASSURANCE , LOC. TITLE:
O~~ FI(AJ RATION cXINTFIDL 

wc NO.:________________________________

~~ QJEThNrATION P~OTESS Q{EC( SHEET

COPY TASK - ACTION irnis RESPONSIBILITY DATE

FINAL 613 COLLATE FINAL COPY. ~~~~~~ NCR.!

PEEP . NCR. PEVIil-~S FINAL COPY. PEEP .NCR. ___________ —

P.S.M. REVIEWS FINAL COPY. P .S.M. _________ —

ASST 4 P .M.  REVIEWS FINAL COPY . ASST. P.M. __________ —

~~~~~
JIFTJJL’

~
-IS FINAL COPY. P .M. __________ —

CLOSE A.T. M .S. FILE . A.T.M.S.
___________________________________ TYPIST ___________ —

SEND TO PRINTINC. P .C.C. _________ —

RECE IVE FICAI PRINTRI . P .C. C. __________ —

PREPARE FINAL COVER LITTER. P.C AC. __________ —

SIGN FINAL COVER UTTER. BCPC
__________________________________________ CONT R.~CTS~ ____________

FINAL REVIEW OF COLLATED LXX. /REL. O.K . JTESPA- NCR~ _________

613 DISTRIBUTE FINAL COPY. P .C.C./BCAC
__________________________________ DATA REC. ~4~T~C __________

613 ESTABLISH MASTER COPY PL(OR)S/MICIO. P.C. C. /BcAc
___________________________________ DATA REC. __________

613 FOI~~AL CJNFIG . CC~ fROL ESTABLISHED. P .C. C.

?j7~J~~ 6.3-5 SAMPLE DOCUMENTATION PROCESS CHECK SHEET (Page 3) 
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~OFTWAR~ Pr~O:-1LEM ~1E.~’ORT
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~-;[7?f~~FC

L~~ T~~I ]j~~~ 2~~~~~~~~~~~~ f ~~~~~ j ~~~~~j o~~~~ j 3

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ DAl E ~~~~~ DATE our(~)
I ALVS!S~~ LL !JLlS _ j

LI
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ TU) - 

D.~T E W  11 DATE OuT 12
~‘:IFLl I J C r I ~ N : SUL JIIf ~I~ T .1 CCfl 1i’ T ICR
Du ~ui~iv -,o cO’ C?U TATWNAL
D LO G IC
O SIPIULAT ION
o i/oo EXEC
D 0TH EU __________________________________________________________

SIZE Or PROGRAM

15 IN WH IC H ERROR
NAME OF ROUlIME (~) CC RR ECT ED_ __________________— OCCURRED

TEST PHASE ~!OO’JLE ERROR CATEGORY:
WHEN ERROR FOUND: D I~ T EGRATION 0 CO~S~IJTATIONA L0 SYSTE MS 0 LocuC

S/w 100L USED TO ISCIATE Erin~iD 1~
SFTERP.ELEASE ci TI IUFUT

HOURS TO LOCAT E ERROR 
_______  ~A~ DL iNG 

27

— - ± _ ~_~ 
- 0 DATA DEFINITION

COLTt ITF 21 0 r~O uf: ~.E/ROUTI ~~E IP~TE RFA CE
HOURS TO FIX ERROR 

PEHSOU 
- 0 SiF~ ~. h E/II AR OW p.RE INTERFACE

[J REGUIRE ~~ENTS 0 (‘7EP.ATIOP4
0 L3LSI G U 0 DOCV:. -.k&TA T IOH

ERROR OCC URE D IN 23 
o coos 0 DW~L ICATE (PREVIOUS SPN#__)
0 REc O DE 

— 
0 OTHER (PLEASE EXPLAI N BELOW)

- 

0 r~~c:~is
CHANGES MADE IC: (

~~ ,-
~( CHECK ALL THA I AP~’LY)’~~~
o COFJ E 

______________ ___________________________________

II~PACT — LIUES OF CC~~E CHAtiI~.iI)

PAGES OF ~~~~~~~~~~~~~~ A1I ON CHA IJOE D ~2S)

Figure 6.3-6 SAMPLE SOFTWARE PROBLEM REPORT
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preliminary design). Customer approval of the baseline is an indicator of

performance during the requirements task.

Dur ing the requirements analysis task each requirement is analyzed for
compliance with specified criteria (see Section 17, Status Reviews, for a
complete descript ion of the criteria during a requirements review). Also,

-
~ during this task the user requirements are refined and the requirements

baseline is developed. Requirements analysis is performed prior to the

Requirements Review with the customer. During this analysis, a form is

completed for each requirement. The first page of the Requirements Analysis

Form , shown in Figure 6.3-7, describes the requirement , its source, acceptance

criter ia, and approval signatures of the leader of the requirements definition
team and the leader of the requirements analys is team. The second page of

this form (see Figure 6.3-8) contains a checklist of the ten attributes of a

requirement , quest ions to be answered by the requirements definition team,
recommendat ions from the requirements analysis team and a statement about
the feas ibility of satisf ying the requirement. Key IPAD individuals can easily

ascerta in the status of each requirement during the analysis effort and are

able to monitor analysis progress by study ing the Report. In addition, the

performance of the requirements definition group can be indicated via the

attr ibute checklist.

14. Technical, schedule and cost reports form the basis of status and progress

ev~Juat ion for cost and schedule control.

A. 533-M (monthly) Report

The information is broken down to WBS level 2 and is also summarized at level

1 and for the total project. Cost data is broken down by Cost element and

Computing labor is separated from engineering and manufacturing labor. The

major cost elements are: 5 labor categories, material, computer cost , travel,

5 overhead and fringe benefit categories, and facilities cost. The report

-. 73
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REQUIREMENTS ANALYSIS FORM

NUMBER SECTION SOURCE (S)

- - 1 REQUIREM ENT

ACCEPTANCE CRITERIA FOR TESTING

CONCURRENCE

USER APPROVAL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

DATE 
_ _ _ _ _ _ _ _ _ _ _ _ _ _

COMPUT ING APPROVAL _______________ DATE 
_ _ _ _ _ _ _ _ _ _ _ _ _ _

Figure 6.3-7 SAMPLE REQUIREMENTS ANALYSIS FORM
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REQUIREM ENTS ANALYSIS CRITERIA CHECKUST

REQUIREMENT NUMBER SECTION

COMPLETE

CORREC T

PRECISE , UNAMBIGUOUS , CLEAR

CONSISTENT
A 

RELEVANT

TESTABLE

FEASIBLE

TRACEABLE

FREE OF DESIGN DETAIL

MANAGEABLE

QUESTIONS AND COMMENTS

FEASIBILITY

RECOMMENDATIONS

6.3-8 SAMPLE REQUIREMENTS ANALYSIS CRITERIA CHECKLIST
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contains the number of hours expended in the various labor categories and the

computer cost units expended. Figures 6.3-9(1), 6.3-9(2), and 6.3-9(3) illus-
trate samples of the 533- AM report at WBS level 2, level 1, and for the total

program, respectively. This report is also produced quarterly (533- Q). The
monthly and quarterly reports have a standard content which is fixed by NASA
and is part of IPAD’s reporting requirement to NASA. From the reports, cost
data can be extracted, manipulated and evaluated. The status of WBS level 1

- -
~ and 2 tasks can easily be obtained. Comparison of current to past reports

evidences progress. Performance can be partially viewed by comparison of
budgeted to actual costs. The IPAD Business Manager uses data from the 533
reports to analyze the variance between actual and budgeted expenses. While
it may seem a straightforward process of subtraction, this is not the case. A
variance may be caused by many factors. A few examples are:

. a schedule slippage

• a labor rate change

• an overhead rate change

• overtime hours expended

• extra labor hours expended

• replanning causing rescheduling (i.e., execution of a task before or
after its scheduled execution)

After variance analysis is complete, clear evidence of the program’s progress

and performance in relation to plan is available. Variance analysis presents
the necessary indicators to explain why progress has varied from plan.

B. IPAD Integrated Resource/Schedule Status Report

This report summarizes schedule information on the upper portion of the page
and resource data on the lower portion. Special symbols are used to portray

milestones (contract and non-contract), schedule slides, and estimated

completion dates (ahead or behind schedule). Planned and actual hour
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expenditures are graphically and numerically portrayed for easy comparison.
A sample Integrated Resource/Schedule Status report is illustrated in Figure
6.3-10 for WBS task 1.7 (level 2 task). Status and progress are concisely shown
and performance in relation to plan is highly visible.

C. Work Schedule Status Report

- -
~ This report is produced weekly and provides indicators of status and progress.

It is a computerized report which uses symbols to indicate task start, end, and
intervenin g wo rk. It is produced internally at WBS levels 4 and 3 and is
summarized at level 2. Figure 6.3-Il illustrates the Work Schedule Status
report at level 3, and summarized at level 2 for the period from )anuary 1978
through September 1978. Notice that the four columns at the far right of the
report separate manhours expended into engineering and computer program-
ming categories. At completion, the budgeted and estimated manhours
expended are provided.

This report provides quick status and progress visibility on a weekly basis and
therefore is an invaluable management tool.

15. The findings of an independent test organization provide evidence of perform-
ance. Independent testing involves analysis of software requirements, admin-
istration and execution of tests, review of test results, inconsistency
reporting and retesting as necessary until all requirements have been met.
Independence of the test group from the software developers will introduce an
unbiased evaluation of the capabilities and provide an indication of the
performance of the software.

16. Checkpoint reviews are used to evaluate project activities. Performance is
indicated by:

- evaluation of project progress against schedule
- resource usage evaluation
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- problem identification and correction

17. Status reviews, conducted by key individuals to review documentation, deliver-
-~ ables and project achievement , prov ide evidence of status and progress.

Criteria which apply to particular reviews are normally specified prior to the

review. For example, criteria which apply to the Requirements Document

Review are:

A. Complete

- 

- 

All items that are needed for the specification of the requirements of

the solution to the problem have been included.

B. Correct
Each item in the requirements specification is free from error.

C. Precise, unambiguous and clear

Each item is exact and not vague, there is a single interpretation of each

item, the meaning of each item is understood and the specification is

easy to read.

D. Consistent
No item conflicts with another item.

E. Relevant
Each item is pertinent to the problem and its solution.

F. Testable
During program development and acceptance testing, it will be possible

to determine whether the item has been satisfied.

G. Traceable
Each item can be traced to its origin in the problem environment.
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H. Feasible

Each item can be implemented with the techniques, tools, resources, and

personnel that are available within the specified cost and schedule con-
straints.

I. Free of Unwarranted Design Detail
— The requirements specifications are a statement of the requirements

that must be satisfied by the problem solution and they are not obscured
by proposed solutions to the problem.

3. Manageable
The requirements specifications are expressed in such a way that each
item can be changed without excessive impact on another item. Changes
to the completed specifications can be controlled. Each proposed change
can be traced to an existing requirement and the impact of the proposed
change can be assessed.

Achievement of each of these criteria provides indicators of performance for
the specification and documentation of requirements.

18. A complete preliminary design is evidenced by many factors. A sample of
these factors is given in a draft of the Software Development Procedure for a
Preliminary Design Review for IPAD. A draft PDR document review checklist

has been developed by IPAD. A summary of this checklist follows:

A. Are the PD objectives clearly stated?
B. Does the PD document contain a description of the procedure used to do

PD or is there a reference to such a procedure?
C. Is there a list of functions to be provided by the computing system?

D. Is there a model of the user interface to the computing system?

E. Are there models and/or descriptions of all other interfaces to the

computing system?
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F. Is there a high-level functional model of the proposed computing system?

G. Are the major implementation alternatives and their evaluations pre-
sented in the document?

H. Is there a recommendation from the PD team to implement one of the

alternatives?
I. Is the recommendation adequately supported?
3. Does the information presented in the PD document and during PDR give

confidence that the corr~,uting system can be implemented to satisfy the

requirements to such an extent that you would use the system?

19. Project Control/70 (a proprietary product of Atlantic Software, Inc.) is a

4 software package used for project planning, reporting, analysis and accounting.

The Project Status and Executive Summary Reports provide an accurate

picture of project status and the current progress on a task basis. The Active

Projects Due and Over Budget Reports hi ghlight which tasks need special

attention due to poor schedule or cost performance.

6.4 INDICATOR RESPONSIBILITY

Each of the indicators described earlier as being used by IPAD to assess status,

progress and performance is the formal responsibility of one or more IPAD team

member. These team members have been formally delegated the responsibility for

establishment , control and maintenance of the indicators. Other team members

have been formally directed to interpret program status, progress and performance

indicators in specific areas. Fi gure 6.4- 1 illustrates formally directed responsi-

bilities for control and interpretation of the indicators.

It is important to remember that the many informal relationships between indicators

and responsibilities have not been incorporated in Figure 6.4- 1, since they are ill-

defined. The matrix illustrates major responsibilities for indicators. Often an

individual with responsibilities must have approval or input from one or more other

IPAD individual s before his work will be consolidated into the IPAD framework.
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This approval relationship is not depicted in the figure. Also, the matrix may depict

an individual as being responsible for an indicator when the individual may delegate

responsibility to his staff.

Figure 6.4- 1 does not list the IPAD Program Manager (PM) as one of the responsible

individuals. The PM has overall authority to control and establish each indicator.

He uses data provided by each indicator to assess program status , progress and

performance.

In a similar fashion , the NASA IPAD Project Office has an overall

coordinating/monitoring function. They review and approve program products and

use the data obtained from the indicators (which has been tabulated or summarized

by IPAD) to assess progress, status and performance.

Additionally, various Boeing groups (i.e., Finance and Contracts) provide suppor t in

the areas of technical involvement , reviews, and technical , schedule and cost

reports.

The Project Control/70 (PCI7O) system provides reports to all individuals about

resource planning and consumption as well as budget and expenditures for particular

work unit tasks. Input to PC/70 comes from all of the IPAD team leaders and

managers in the form of Work Authorizations (see Section 2.2.1.9) or via IPAD Task

Resource Forms.

6.5 INDICATOR/OB3ECTIVE RELATIONSHIP

Each of the indicators which IPAD is using to assess status , progress and perform-

ance has been applied in order to support achievement of one or more of the

program objectives. Since the relationship between program objectives and manage-

ment techniques has been surveyed (see Section 4.3), the relationship between

indicators provided by the techniques and the program objectives can be inferred by
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the results of the survey. Figure 6.5-1 illustrates the derived relationship between
indicators and objectives.

When two techniques have been grouped together as one indicator , the surveyed
responses have been combined also. For example , the techniques of User Involve-
ment Planning and Industry and Technical Involvement have been grouped under the
category of user , industry and technical involvement indicators. As Appendix E
shows, both techniques were surveyed to be strongly supportive of the objective
“Usefulness Demonstration.” Therefore the combined group also has a strong
relationship. When the surveyed relationship differs between the grouped tech-
niques , the combined relationship must reflect this also. For example, User

• Involvement Planning was surveyed to be strongl y related to the User Involvement
objective , while Industry and Technical Involvement is only moderately related to
the same objective. The combined relationship is strongly moderate, recorded as M+
in Figure 6.5-1. Other combined relationships have been similarly evaluated arid
recorded.

Since Project Control/70 was not surveyed along with the original candidate
techniques, a strong or moderate relationship cannot be assessed in the same manner
as other indicators. However , from conversations with IPAD program management
and study of PC/70 literature , it has been determined that PC/b is being used to
achieve program objectives of cost , schedule, and visibility. Furthermore , the

• system is having widespread usage on IPAD , indicating that it strongly supports
achievement of these objectives.

From study of Figure 6.5- 1, a few observations may be made. First , seven of the
objectives have a strong or strong-moderate relationship to at least one of the
indicators. Of the six remaining objectives, 4 have 6-9 indicators which moderately
relate to them.

The last two objectives , machine independence and contractor commitment , do not

have .~ sufficiently observable relationship to any of the indicators. However ,
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neither of these objectives fall into the category of the three highest-ranked
objectives (see Section 4.1). Therefore , it is not surprising to find that they are not
observably supported by indicators. Also, contractor commitment is more intangible
than the rest of the objectives, therefore, less measurable.

The lack of indicators providing visibility into the objective of machine indepen-
dence deserves closer scrutiny.

• Generally, machine independence is supported by the adoption and use of program-
ming standards. Explicit conformance to ANSI Standards will assure that no unique
(machine dependent) features are designed into the system. However , only four

survey participants indicated a strong or moderate relationship between standards
and machine independence. This could be due to the fact that little formal auditing
to standards is performed on IPAD. The participants may have felt that the

informal auditing to be performed would not contribute significantly to machine
independence.

• 6.6 MANAGEMENT TECHNIQUE INDICATORS

Each of the techniques used by IPAD was initiated to support achievement of an

objective or set of objectives. As a whole , the techniques were designed and

incorporated to provide status , progress and performance indicators (SPP indi-

cators). While application of some of the techniques is more abstract than others,

there exists (within IPAD) evidence of the use of the techniques.

Each of the techniques being used by IPAD was studied to determine ways in which

the technique application could be evaluated. That is, management technique

indicators (hereafter refered to as MT indicators) which would provide an unbiased

evaluation of the “goodness” of technique application were identified. These MT

indicators were in the form of data to be collected and critical questions which

would determine whether the technique was providing any function not otherwise

• I provided.
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The list which follows identifies data which should be provided or critical functions

which would be furnished by the use of a particular technique. The list is not

necessarily a complete list of every MT indicator which would assess the application

• of each technique. It is, however , an unbiased list of generally-recognized data or

functions which would allow evaluation of management techniques.

.1 A. Project Manager Concept
1. Is there explicit use and delegation of authority ?

• 2. Is there explicit definition of responsibility?

B. Work Breakdown Structure/Schedule
1. Is there any overlapping or redundancy of project tasks?

2. How much difficulty is there in obtaining the overall status of the

project by determining the status of elements which make up the overall

structure?
3. Are members of individual work units aware of how their units fit into

the overall structure?

C. Programmers’ Handboo k
I. Are the requirements/specifications for this project centralized and

easily ascertained by a programmer?
2. How long does it take to determine the tools and techniques available to

the designer/programmer?
3. How long does it take to assemble the project development test

guidelines?

D. Project File
1. How hard is it to find a particular item of correspondence about the

project?
2. How long does it take to find out action items that have resulted from a

particular review?
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I

• 3. How long does it take to determine what changes have been made to the
• project SOW?

• E. Software Notebook
1. How long does it take to determine the status of a particular module?

2. Wha t effort has gone into code development and how long does it take to

determine this information?
• 3. How long does it take to determine test case results for each module?

F. Support Library
1. How hard is it to obtain a copy of the official version of a program?

2. Can a history of controlled program changes be obtained?

3. How long does it take to obtain a list of the 3CL needed to execute a

program?

• G. Wor k Authorization Form
1. How hard is it to find out when an item is scheduled for completion and

what the total cost is estimated to be?

• 2. How does the cost of each item contribute to the total cost of the

system?

• 3. Is there any work being done which is not specified or supported by Work
• Authorizations?

1-I . Project Control Room
1. How long does it take to determine the status of program cost and

• schedule?
2. How long does it take to obtain a conference room for a project

meeting?

• I. Walk-through/Inspections
1. How well do other programming group members understand the module

logic and data flow of other members’ code?
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2. is there a record of errors , discrepancies, and inconsistencies discovered
• during programming group reviews?

3. Does the code of the various members of the programmer team interface

smoothly (or how many interface errors were detected)?

4. Do work products receive a formal approval or rejection as a result of
I

. 
inspections/walk-through?

3. Quality Assurance Reviews and Audits
1. Are quality assurance people aware of project status?

• 2. Do explicit measures of quality assurance exist?

3. Are quality assurance reports produced which document audit results?

• • K. Resource Allocation Sheets/Resource Requirements Summary

1. Is there consistent manloading of the project resources?

2. Can the job of an individual be determined by documentation at any

• point in time?
• 3. Have conflicts resulted due to lack of proper facilities at the needed

time?

L. Progr amming Standards
• 1. Is there a standards manual or written programming instructions?

2. Are audits or tests performed to determine compliance to written

standards?
3. Are records kept documenting non-standard programming practices used

and detected?

M. Incremental Development
1. Are design component descriptions written as the last component pro-

• duced plus a new capability?
• 2. Is any given design component independently testable?
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N. User Involvement Planning/Industry and Technical Involvement
• 1. Do user , industry and technical people attend major component/project

reviews?

2. Does documentation of user , industry and technical feedback , opinions
and recommendations exist?

3. Is there a specific plan to involve these people in reviews and feedback?

0. Documentation Standards
1. Are there formal standards concerning the content and format of

documentation?

2. Are the documents formall y audited for compliance with content and
format standards?

P. Design R epresentation an d Testing Tools

1. Has a design representation scheme been adopted by the project?
2. Do programs exist which perform design anal ysis and consistency verifi-

cation?
3. Is design documentation produced by a tool which would otherwise not

exist?

Q. Complete Preliminary Design
1. Is there a Preliminary Design review conducted which checks PD

completeness?
2. Are detailed design analysis results available?

• 3. How many sections of the PD have been specified as “to be completed”
later?

R. Confi guration Control

1. Are specific forms being used to identif y, account for , control and verify
chan ges to the project?

2. How long does it take to determine the current configuration?
3. How long does it take to effect a system change?
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S. Requirements Specification Baseline
1. Is there customer approval of the requirements specification?

2. Is there a requirements document which follows established guidelines?

3. Do the requirements map back to a Software Specification or the

Statement of Work?

T. Technical , Schedule and Cost Reports
1. Are technical , schedule and cost reports produced or is there a plan to

produce them?
2. Is there a central collection organization which serves to collect data for

these reports?
3. Is there some analysis of the content of these reports which shows that

• they are being used?
4. Is there cost , schedule or technical data available which would not

otherwise have been produced?

U. Independent Test Evaluation
1. Is there an independent test group which is organizationally separate

from the project team?
2. Is there a test plan which is derived from the requirements or which is

derived independent of development and design effort?

3. Is there a test plan in existence prior to comp letion of design and

development?

V. Project Check points
1. Is there a chart which illustrates major project events during the project

time frame?
2. Are major project deliverables identified?

W. Checkpoint Reviews
1. Is there a series of reviews which are associated to project checkpoints?

1
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2. Is there some plan which specifies what reviews will be held and ties
them to project deliverables or products?

3. Are there reports which were generated as a result of program product
reviews?

X. Status Reviews
I. Are there project reviews which are held at regular intervals (i.e.,

• monthly) or periodicall y due to a requirement to assess project status?
2. Are reports generated per iodically which assess project status?

• 6.7 ADDITIONAL MANAGEMENT TECHNIQUE INDICATORS

The list of generally-recognized products or indicators of effect l%e use of manage-
• merit techni ques (see Section 6.6) was studied in relation to IPAD. If the products or

indicators identified did not appear to be provided throug h the use of an IPAD
techn ique, the need for an additional indicator of technique effectiveness was

identified. ~n other words, if the answer to each of the preceding questions could be
pr esently determined, no additional indicators would be required. The questions
which could not be answered suggest that additional indicators are needed to assess

the application of the techniques.

The identification of additional MT indicators needed does not imply a lack on the
part of IP AD , since IPAD has not been commissioned to eval uate technique
effectiveness. It does imply that more data would have to be collected than is
presently available on the IPAD project.

The following additional MT indicators would be required fo r an evaluation of the

application of management techniques:

1. Data would need to be collected to explicitly show the use and delegation of
authority (refer to Question No. 1, Project Manager Concept) . One way this
mi ght be illustrated would be to use the Management Responsibility Guide
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(MRG). The MRG presents an approach to clarify the role each manager plays
• in relation to his work group and to the organization.

• 2. Some means would have to be developed to determine whether facilities were
actually available when needed. This might be determined by t alking with

• people to assess their satisfaction/dissatisfaction with facilities availability
since no data exists which could be tabulated. (Refer to Question No. 3,
Resource Allocation Sheets/PC/70.)

3. Some means for auditing of conformance to programming standards would
have to be developed. (Refer to Question No. 1, Pro gramming Standards.)
Tools are in existence within the industry which document conformance to
AN SI standards (i.e., PFORT verifier put out by Bell Labs) and to generally-
accepted programming standards (i.e., TRW ’s Code Auditor) . Specialized
standards, however , would have to be manually audited. Some analysis of
conformance to standards is performed during the design phases of I PAD. The
IDAP tool , if used, would prohibit some non-standard constructs , and others
may be pointed out during structured walk-throug hs. However , no formal

auditin g of program code is performed.

4. In line with No. 3 above , no recor ds are kept docum enting non-standard

programming practices detected. (Refer to Question No. 3, Programming
Standards.) Fu~ examp le, no data showing how many non-standar d lines of

code exist is recorded. Output from tools like those referenced in No. 3 could

be tabulated , if they were used.

5. While documents are formall y audited for conformance to content standards ,
no auditing of format standard conformance is performed. (Refer to Question

No. 2, Documentation Standards.) This auditing would probably have to be
performed manually and results tabulated. •
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6. A test group which is independent of the IPAD project does not exist and

would , therefore , not be available for assessment purposes. However , the

Configuration Control group (which is separate from actual development of

IPAD software) is responsible for development and acceptance testing. Since

the test group is not organizationally separate from IPAD , it is possible that

sufficient indicators of the independent testing technique might not be

available.
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7.0 GENERALIZED MANAGEMENT TOOL MODEL

7.1 SELECTION OF TECHNIQUES AND INDICATORS

Management techniques are selected to support the program objectives (see Appen-
dix E) . Indicators of status, progress and performance are chosen to provide
visibility into the achievement of program objectives (see Figure 6.5-1). Illustrated
pictorially, the. e relationships and dependencies can be modeled as follows:

(
INDICATORS

-: PROGRAM
OBJECTIVES

fI MANAGEMENT
TECHNIQUES

Program objectives are generally derived jointl y during meetings between the
Program Manager and the customer. SPP indicators are maintained and used by key
individuals to monitor project development (see Figure 6.4-1). The development
team is generally supported by management techniques during the project effort. If
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the application of the techniques is to be evaluated , MT indicators are used.

Incorporating elements of key responsibilities (R) and MT indicators into the model

previously illustrated, Figure 7.1—1 results:

~~~~~~~~A~~~RS

PROGR AM
OBJECTIVES

MT
INDICATORS

Figure 7.1-1 GENERAL IZED MANAGEMEN T TOOL MODEL

During earlier research , it became apparent that the SPP indica tors were provided by

the use of management techniques. Due to this observed relationship, it seems

reasonable that the selection of SPP indicators and management techniques should be

more closely associated. The selection of techniques should be based upon the SPP

indicators chosen as well as on the program objectives.
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Selection of techniques should begin by formulation of a set of program objectives.
Next , those indicators which would provide visibility of the achievement of the
objectives should be selected. Since the indicators are generally obtained through
the implementation of management techniques, an initial set of techniques has also
been determined. This set should be extended by inclusion of those techniques which
directly support the objectives (see Appendix E).

To monitor the techniques , evidence of their application should be kept. This
evidence, provided throug h MT indicators , should act as an early warning device of
potential development problems.

To exemplify the use of the model illustrated in Figure 7.1-1, several scenarios have
been developed using Appendix E and Figures 6.4- 1 and 6.5-1.

Scenario A Data:

The customer and the Program Manager have compiled a list of program objectives.
One objective is that of not expending more than the estimated cost of the
development effort. Use of the matrix presented in Figu re 6.5- 1 shows that

achievement of this objective is made visible throug h cost reports , checkpoint
reviews of cost data, and use of Project Control/70 resource reports. These
indicators are pro vided through the techniques of technical , schedule and cost

reports , checkpoint reviews and the Project Control/70 system. From Figure 6.4-1
we determ ine that

- technical , schedule and cost repor ts are established and main tained by the

Business Manager (with the finance group being the central collection
agency). Furthermore , the reports are used by the Business Manager (BM )
and the Software Development Manager (SDM) to assess status , progress
arid performance.
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- Resource Requirements Allocation and PC/70 are established, maintained
and used by all the managers except the ITAB Interface Manager.

The objective of meeting expected costs is supported by the following techniques as
shown in Appendix E:

• Project Manager Concept

• Work Breakdown Structure/Schedule

• Work Authorization Forms

• Resource Allocation Sheets/Project Control/70

• Technical , Schedule and Cost Reports

• Projec t Checkpoints
• • Checkpoint Reviews

The application of these techniques can be evaluated through the use of MT
indicators.

1. Project Manager Concept MT Indicators:

• Explicit use and delegation of authority

• Explicit definition of responsibility

2. Work Breakdown Structure MT Indicators:

• No overlapping or redundant tasks

• Visible project status via determination of status of components

• Individual component awareness of total project scope

3. Work Authorization MT Indicators:

• Easy access to estimated completion dates and costs

• • Visibility into contribution of each component toward total system

• No unauthorized work being performed
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I
4. Resource Allocation MT Indicators:

• Consistent resource loading

• • Easy determination of an individual’s job at any point in time

• No conflicts due to facility availability

5. Technical , Schedule and Cost MT Indicators:

• Reports produced or a plan to produce them

• Centralized data collection organization
• • Analysis of reports is performed

• Data produced which is otherwise unavailable

6. Project Checkpoint MT Indicators:

• Major project events identified and time frame for their occurrence —

documented

• Major deliverables identified

7. Checkpoint Review MT Indicators:

• Series of reviews associated with checkpoints

• Review plan in existence

• Reports produced documenting reviews

Inserting this scenario data into the model , Fi gure 7.1-2 results.
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1. Technical , Schedule & Cost Reports

2. Review cost data 
~ : ~A

3. Resource and PC/70 Reports
P14,

ustOme
• ,E

SON, CD,
• AD , PSM

At Cost T

1. Project Mana ger Concept Res ~~~~~~~~~~~~~~
on-repetitive tasks

2. Work Breakdown Structure Project/component status
\ Pro ect/com onent SCO e

S~hedu1e information
3. Work Authorization Forms Component contribution

\ No unauthorized work

Cdi~sistent manloading
4. Resource Al IocationfPC/70 Individual task awareness

No facilities conflict

epor 5 pro uce
5. Technical , Schedule and ‘ Collection organization

Cost Reports Variance analysis

/ Data available

6. Project ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

7. Checkpoint Reviews

Figure 7.1-2 GENERALIZED MODEL OF SCENARIO A

104

!. 

• 

~~~~ . . 

~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-



- -— - - —----— ..-- ~~~--—-..—-,- -——~~

Ideally, the MT indicators would be used to make the techniques self-monitoring.
For example, the four indicators associated with technical , schedule and cost
reports would continuously feed back information to the Business Manager (BM) and
Software Development Manager (SDM). If the reports were not produced , the

central organization not formed , analysis was not performed or data was not
available the key individual s would know that the technique was not being used

• effectivel y. At this point steps would be taken to correct the situation.

However , most problems are not detected until the SPP indicators are viewed by

individuals in charge of project assessment. The model presented will illustrate the
resolution of problems and answering of questions made visible by the SPP

indicators.

Using the data from Fi gure 7.1-2 it is possible to “walk-through” the model. For

example , suppose the Business Manager receives a cost variance report stating that

resource expenditures are greater than planned. He knows that the program

objective of at cost is not being met. The Program Manager is informed and he

determines that meeting the cost objective is supported by the following techniques;

Project Manager Concept , Work Breakdown Structure , Work Authorization Forms ,

Schedule and Cost Reports , Project Checkpoints , Checkpoint Reviews , and Resource

Allocation/Project Control/70. He also knows which individuals are concerned with

establishment and usage of those techniques. He gathers these key individuals and
tells them about the problem. He wants to know what caused the cost overrun and

what could be done to prevent the problem in the future.

Various technical , schedule and Cost reports would be reviewed by the BM and the

SDM. Reports from previous checkpoint reviews would be gone over by the CD, AD ,

IL and EDM to determine whether there was any indication that a cost overrun

would occur during the next checkpoint period. The Resource Allocation Sheets and

the resource reports produced by the Project Control/70 system would be studied to

determine whether more resources were expended than planned. One of the MT
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indicators should point out the reason for the cost overrun and therefore provide a
possible means of correction or way to prevent the situation from recurring.

The overrun could have been caused by an over expenditure of resources, or , some
facility which should have been available might have been unavailable , causing
delays. Or , a possible overrun mi ght have been indicated in the previous review
report. Another cause mi ght have been faulty variance computations , or erroneous
charging of resource expenditures.

Another scenario was developed to further illustrate the studied relationships. Data
is presented and the generalized model is used to walk-through the scenario.

Scenario B Data

An objective developed by the Program Manager and the customer is that of
machine independence. Although not observable by the survey performed on IPAD ,
this objective is generally made visible through auditing of conformance to industry-
recognized standards (i.e., ANSI standards) and by walk-throughs. Programming
standards are provided through the technique of programming/design standards.
Several MT indicators provide evidence of the effective application of this tech-
nique:

1. Is there a standards manual or written programming instructions?

2. Are audits or tests performed to determine compliance to written
standards?

3. Are records kept documenting non-standard programming practices used
and detected?

MT indicators providing evidence of the effective application of structured walk-
throughs are:
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1. How well do other programming group members understand the module
logic and data flow of other members code?

2. Is there a record of errors , discrepancies and inconsistencies discovered
-
, 

during programming group reviews?

3. Does the code of the various members of the programming team

interface smoothly?

1 4. Do work products receive a formal approval or rejection as a result of —

- 
- walk-throug h?

From Figure 6.4- 1, we determine that programming/desi gn standards are established

- and maintained by the CD and the TL. Furthermore , the standards are used by the

CD and AD to assess status, progress and performance.

Structured wal k-through procedure is established and controlled by the TD , AD and

The results of the walk-throughs are reviewed and interpreted by the ID and

• Incorporat ing these elements into a generalized model , Figure 7.1-3 results.
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2. Walkthrough

Custhmer

Mach ine
Independence

1. Standards manual or
instructions

2. Conformance auditing1 ProgralMing 
____________ 3. Records of non-standardtandards

practices

1. Group understanding
2. Record of errors
3. Smooth interfaceAD 4. Formal work product

approval

Figure 7.1-3 GENERALIZED MODEL OF SCENARIO B

This model can be used to illustrate the development process in the event of a

software problem or question. For examp le, suppose the Chief Designer (CD), while

reviewing a software module, detected the use of a non-standard programming

practice. He knows that the use of non-standard programming practices often

effects the portab ility of software. In essence, the software could become machine

dependent. The objective of machine independence is supported by the use of

programming standards and walk-throughs . The CD and AD are notif ied of the

standards violation and are held responsible for resolving the problem. They would

check the standards manuals , reports from any previous auditing, and reports

generated from the associated walk-through review. The walk-through review

report might contain an indication of why the non-standard practice was used. The

• .~ CD and AD must determine whether or not a valid reason exists to allow usage of

non-standard practices. Depending on their determination , the practice will either

be changed or made highly visible through documentation .
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7.2 SUMMARY

The generalized management tool model developed in 7.1 can be used to summarize
• the studied relationships between SPP Indicators , program objectives, management

techniques, MT Indicators , and key responsibilities. This model illustrates the

- 
studied relationships but does not incorporate all the elements of planning, produc-

tion and assessment of the software development process. These elements will be

the topic of future research.
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APPENDIX A
SUMMARY OF RESPONSES TO PART ONE OF SURVEY

DEVELOPM ENT/ NUMBER OF RESPONSES
MANAGEMENT

OBJECTIVES HIGH MEDIUM LOW UNCERTAIN

ON SCHEDULE 5 5 3

UNDER COST 4 4 5

STATUS VISIBILITY 4 2 6

PROBLEM RECOGNITION
AND CORRECTION 4 7 2

CONTRACTO R COMMITMENT 6 5 2

USER INVOLVEMENT 6 6 1

USEFULNESS DEMONSTRATION 7 4 2

SATISFY DIV ERSE NEEDS 9 1

STANDARD /PROCE DURE
COMPLIANCE 2 3 7 1

R ELIABILITY AND
DEPENDABILITY 7 2 3 1

CONFIGURATION MANAGEME NT 4 4 5

MACHI NE INDEPENDENCE 2 2 9

MAINTAINABILITY 4 3 5 1
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Appendix F

Hypothetical IPAD Situation Scenarios

• 1. A Critical Design/Development Review (CDR) was scheduled to review
detailed design documentation. Present at the review were members of
the IPAD technical and management teams and representatives from
NASA. During the CDR , NASA proposed a change to the IPAD
requirements. This change was requested in order to restate a require-
ment to meet a need which had been thought to be covered by a
combination of other requirements. IPAD team members agreed that
the need would not be satisfied by the current requirements . The
resulting action item was to evaluate, formally state and incorporate the
proposed requirements change.

2. A meeting of the IPAD Technical Advisory Board (ITAB) was scheduled
and held to comment on and review the Reference Design Process
Document. During this meeting, one of the ITAB members pointed out a
deficiency in the design process. The committee agreed that the
deficiency should be reported to IPAD and a letter to the IPAD Program
Manager and the NASA Project Manager was written.

3. A Preliminary Design Review (PDR) was scheduled and held. Members
of IPAD Management and technical teams and NASA were present.
Some members of ITAB were also involved. The customer (NASA) was
concerned about what had been “designed into” IPAD software to insure
reliability and maintainability. Members of IPAD assured NA SA that the
use of r igid programming and engineering standards would make IPAD
easily maintainable , and that other techniques were being used to ensure

• reliability. NA SA indicated a strong interest in development and
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application of thorough testing procedures and requested a demon-
stratton that sufficient test case coverage was achieved. It was
determined that the PDR action item was a) to define an acceptable
measure of testing sufficiency and b) to update IPAD management and
technical plans accordingly.
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Appendix G

?rocess of the Action Item (Al) for Scenario I l l

Step(s) Action Taken

1. NASA CDR Board Chairman gives Action
Item to (PAD Program Manager.

2. IPAD Program Manager turns Al over to
Assistant Program Manager for technical
evaluation and routing.

3. Assistant Program Manager forwards Al to
Software Development Manager for evalu-
ation and task delegation.

4. Software Development Manager assigns task
of Formal Statement to manager responsible
for IPAD Requirements and Requirements
Documentation.

5. Requirements Manager delegates Formal
Statement responsibility to (PAD computing
staff member.

6. (PAD computing staff member prepares
Formal Statement of Requirement for Re-
quiremertts Manager , and contacts Program
Control Coordinator (PCC) for CCR Form
because Requirements Document is under
Configuration Control.

‘
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Appendix G (Continued)

Step(s) Action Taken

7. The PCC and computing staff member fill
out the Confi guration Change Request (CCR)

• 
• and Impact Summary and submit them to the

• Requirements Manager for his appraisal of
initial impact.

8. Requirements Manager fills out antici pated
impact on the CCR For m and Management

• Summary on Impact Analysis Form and re-
turns the CCR package to the PCC.

9. The PCC logs the CCR in Configuration
Control Log. The PCC makes 10 copies of
proposed Change Package and distributes this
to managers with notification of Configur-
ation Change Board Meeting.

10. The Confi guration Change Board (CCB) con-
siders the proposed Change Package and
orders a full impact analysis if they think it

• necessary, or they pass and sign the CCR and
Impact Summary forms and the package is
routed on by the PCC.

11. The PCC logs the Board decision and if
passed he will route to the Program Manager
for concurrence signature.
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• Appendix G (Continued)

Step(s) Action Taken

12. Program Manager reviews the CCR Package,

• signs and returns to the PCC for forwarding
to NASA. (Changes to Formal Configured

~ 1 Items are Level I and require NASA approv-
al.)

13. The PCC takes the approved package, logs
the Program Manager ’s signature and date,
makes a copy of the Package in its approved
form and sends the original to NASA.

14. NASA considers change package and either
rejects or accepts it. If accepted it will be
returned to the PCC at Boeing, usually within
30 days.

15. The PCC then takes the Accepted Package
and turns it over to an AIMS (Automated
Text Management System) typist and she
makes the changes or in this case additions to
the Master File for this document on ATMS ,
returning the text and the CCR to the PCC
for collation with revised graphics originals
and the PCC will route revised doucment
master to responsible manager for his ap-
proval. If the responsible manager is satis-

• ‘
~ fied with the document he will O.K. a release

of the revised document.
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Appendix G (Continued)

Step(s) Action Taken

16. The PCC will then send the revised document
master to printing where 200 (approximately)
copies will be made and sent back to the
PCC. It is then his responsibility to see that
everyone who has been issued the document
in the past receives an updated copy.
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Appendix G (Continued)

Actions in Response to Scenario #2

~ I
• Step(s) Action Taken

1. ITAB lnterf ace Manager sends action item to
Program Manager and NASA.

2. Program Manager assigns the Engineering
Development Manager to correct Reference
Design Process document as required and
establish modifications (if any) required for
the requirements documentation.

3. Engineering Development Manager opens an
authorized study account number and assigns
study and plan task to engineer.

4. PCC and Engineering Development Manager
fill out CCR and cost and impact estimates
are made (see response to Scenario #1, steps
6-9).

5. CCB meets and decides what to do. Assume
document update and update of dependent
documents is proposed.

6. Engineering Development Manager opens an
authorized account number for a doing task ,
assigns task to engineer. Result is a CCR of
document updates.
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Appendix G (Continued)

Step(s) Action Taken

7. CCB meets and approves the update.

8. Program Manager and NASA approve.

9. Confi guration control function carries out -
‘

document update.

F io. Changes reported to next ITAB meeting.
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Appendix G (continued)

Actions in Response to Scenario #3

Functional events or steps to resolve the third scenario were not detailed. In
essence, very littl e could be learned from the third scenario which had not alread y
been illustrated by Scenarios 1/I and 1/2.

A group would have been assembled to stud y the existing testing procedures. The
- - . Development lest Plan and the Acceptance Test Plan would have been reviewed. If

the existing procedures had been satisfactory the procedures would have been
documented and resubmitted to the customer. If unsatisfactory, new procedures

- 

• 

would have been studied , developed , approved and incorporated into existing Test
Plans. The procedure for change procedure has already been documented as a part
of Scenario #1.

H

123



—

• -

- I

S

S

: 
MISSION

of
Rome Air Develop ment Center

RAVC p.&ina and exec~.tc4 keaea~~h, deveLopmeivt, te.~.t and
6 e.tec..ted aqu.Lai..t~on p ’togMJn6 ~Liz 4uppo lL.t o~ Command, ContAoL~Corr.,ianJ~ation~ and Iii2eL&gence (C 31) a t e a .  Teakn~aaL
and eng~Ln~en~ng ~~ppoi~.t wWun wt.ea4 o~ .te~Iuu.caL competence
~L4 p .tov~Lded .to ESV Pn.ogMm 0~~~ce4 ( P04 ) and o.thex ESV
e2emen.ta . The p ’t h ic..LpaL techn~ao1 niL~oA.on a.’Le a4 axe
commwlAca.tj on4, eLe tomagnetLc gu2dance and con~t ’wt, 4wk - •

u eLUance o~ gxowid and aeitoop ace obj ec ts, LnteULgenc.e cLa~to.
coUe~t~Lon and handUng, ~n~o~tma~t2on .ay~a.tem .techiw!.ogq,
Lonoaph en.Lc pxopaga.tLon, 4oVA a-ta te ~~~~~~~~ rriLc&ovuve
p hy a Lc.a and eLecti~ov~c ke ab.W..ty ,  ma~LntainabW~ty and
co ’np a2ThA~Uty.

~

- ‘~~~~~ -~~~~~~~~~~ -~~~~~-~~~~~~~ 

*

~~~~~~~~~~~~ --~~~~~~~~~~~ - ‘-~~~ - ‘
- - ‘~~ 

- -
~~~~~~~~~-


