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PREFACE

This document is the final technical report (CDRL Item A002) for
the Impact of MPP on System Development, Contract F30602-76-C-0095. It
presents the results of an eva luation of the impact of modern
programing prac ti ces (MPP) applied to TRW ’s Ballistic Missile Defense
(BMD) Systems Technology Program (STP) software development. The report
provides an overview of STP including a reconstructed chronology of
significant events and a description of the STP software development
environment. It also presents detailed results of:

• Identifi cation , selection and definition of appropriate
SIP practi ces to be evalua ted

• Investigation of the impact of selected MPP on software
deve lopment cos t, schedule and qual ity

:1 
• Definition and prelimin ary appl ication of techniques

and tools comprising methodology for comparing TRW
practices with those used by other contractors on other
projects.

The report was prepared by J. R. Brown with signifi cant
contributi ons by J. W. Dowdee, D. E. Hacker , G. R. Kel udjian ,
D. S. Lee, M. Lip ow , G. R. Paxton and I. R. Savage . Additional
assistance and guidance came from the MPP Project Review Comittee
which included B. W . Boehm , J. M. Dreyfus, F. S. Ingrassia ,
E. C. Nelson and F. G. Spadaro.
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EVALUATION

This report describes the software development technology and
management practices employed on a large and complex system development
program by TRW .

The intent of the RADC program to which this document relates ,
TPO V/3.4, is to describe and assess software production and management
tools and methods which significantly impact the time l y delivery of
reliable software.

The study contract is one of a series of six with different firms
havin q the similar purpose of describing a broad ranqe of techni ques
which have been found beneficial.

RADC is engaged in promoting utilization of Modern Programing
Technology , also called Software Eng ineering, especially in large
complex Command and Control software development efforts.

ROGER W. WEBER
Project Eng ineer
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1.0 INTRODUCTION AND SUMMARY

1.1 Background

For a number of years TRW and other contractors have been develop-
ing ways to do a better job of software development. The prima ry impetus
for this effort has come from i ncreasing demands for error-free (or at
least high ly reliable) software, from the~ need for software which is
easily (i.e., quickly and i nexpensively) modified to meet newly imposed
requirements , and from recognition that a cost-effective software engi-
neeri ng discipline (not the “black art” of old) can be achieved through
identification , application and eva l uation of improved production
practices [1, 2 , 3, 4].

It is generally bel ieved that the quest for improved Modern Pro-
gramming Practices (MPP), coupled with many opportunities to apply,
eva luate and further improve upon them has brought about a significant
advancement of modern software technology [5, 6]. In further pursuit of
the goal of a cost-effective software engineering discipl i ne, the Air
Force Rome Air Development Center (RADC) recognized the need for an
i nvestigation of the actual me~ its of a broad range of established and
newly proposed practices .

In the last few years some trends in DoD procurement philosophy
have placed strong attention on the evolution and application of MPP by
software contractors [7 , 8]. The most noticeable trends are : 1) an
unprecedented dual interest in both the cost of producing software and
the quality of the end product , and 2) requests for proposals which
require, bidders to identify and propose application of specific practices
that address and alleviate the problems that have plagued past software
development activities .

The combined comittments of both the DoD and major software con-
tractors to accelerate the definition and application of improved pro-
duction practices have resulted in a dramatic increase in the use of MPP
on some l arge scale, highly critical software procur&ments . A prominent
example is the TRW development of the Data Processing Subsystem software
for the Ballistic Missile Defense Systems Technology Program (BMD STP).
This program was previously named and is frequently referred to as Site
Defense (SD). The importance of the Data Processing Subsystem to ultimate
successful performance of the system has placed extraordinary demands on
TRW as the software development contractor. To ensure the production of
software that will meet the system requirements , TRW invented a unique ,
rigorous, and highly disciplined software development process [9]. To
ov ercome many of the usual probl ems of software development and to ensure
the development of error resistant, readily understood and easily main-
tained software , a comprehensive set of standard programming practices was
established and firmly imposed [10]. To ensure adherence to the disci-
plined development methodology and to support the production of high
quality software within reasonable schedule and cost , softwa re developers
were suppl ied wi th a set of automated tools to aid design , code , debug ,
test, and documentation activities [11 , 12 , 13].

p

~0

- 
.
~~~~~~

. j
~r_~~~~

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~ 

.. .

~~~~



. . . . , ~~~
, 

— - .

PAGE I - 2

In addition , TRW monitored the “vita l signs ” of project activity in
assessing the effectiveness of the development process , the standards and
the support tools. This required col l ection of data on the software develop-
ment activity and frequent rev iews of project performance. Based on these
reviews and on analyses of the data , changes were made to improve the
development process, the programing standards , and the tools used to
support development. This resulted in the evolutionary development of a
production methodology most appropriate for the SIP software development
activity . With the encouragement of the procuring agency (U.S. ARMY/
BMDSCOM) and the SIP prime contractor (McDonnell Douglas Astronautics
Company), TRW actively took the l ead in developing and effectively aprlying
modern programming practices . The investment in improved practices has
paid off, and the SIP software development is on schedule and within cost,
and has experienced a significant reduction in the number of errors found ,
per line of code, in integration testing of completed increments of the
deliverable software.

1.2 Objective, Scope and Problems of MPP Study

In view of the RADC i nterest in improving the technology app lied to
future Air Force software development , TRW proposed to conduct a study of
MPP , concentrating on those ~‘sed in the STP software development activity .
The overall goal of the study was to provide an evaluation of the impact
of SIP programing principles , guidelines , standards , tools and management
practices to determine their potential for application to Air Force soft-
ware development. RADC contracted with TRW to study the Impact of MPP on
System Development (Contract No. F30602-76-C-OO95), and this report con-
stitutes the final contractual deliverabl e of the completed study .

The primai’y objectives of the study were to:

• Assess the impact of modern programming practices (MPP)
applied to the TRW SIP software development activity .

• Develop a methodology for comparison of SIP MPP with
alternative MPP implementations used on other projects
by other contractors .

In order to fully achieve these objectives we needed to obtain valuable
insights into the relative merits of individual practices and to devise
and demonstrate a technique to evaluate the combined effectiveness of
selected practices when applied to projects of vary ing type, size , and
complexity .

p.
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In the MPP Study Statement of Work it was hypothesized that: Soft-
ware requ i rements definition , design , implemen tation , evaluation and docu-
mentation rules , If rigorously defined and applied , and supported by
modern techniques and tools , make possible the produ ction of higher quality
software at lower than usua l cost. One of the primary objectives of the
study was to either confirm or refute this genera l hypothesis specifically
with regard to the extensive application of modern practices to the TRW SIP
software development activity . That is , TRW was expected to obtain and
evaluate sufficient relevant evidence about the effectiveness of appl i ed
practices to permit an objective conclusion as to the actua l validity of
the hypothesis (in the STP case) and the probable validity of the
hypothesis in general.

In attempting to carry out this task , TRW was faced with several
formidabl e problems. First , the hypothesis , as stated above , is extremely
genera l and ambiguous. The state-of-the-art of software eng i neering has
not yet produced a useful definition of “higher quality software” , and ,
although much has been done recently toward development of software cost
estimation methods , the emerging cost model s are as yet imprecise , awkward
to use, and limited in scope of application. As a result , there is not
yet a commonly understood ana accepted meaning of “higher quality software”
and “usual cost” upon which a test of the hypothesis can be based .

The second major problem has to do with the availability of relevant
data to be used in testing the hypothesis. Although a great deal of data
on the SIP software development activity was collected and available to
support the MPP study , the identification of truly rel evant data and trans-
lation i nto credible evidence concerning the hypothesis was seen to be a
costly and probably imprecise and inconclusive task unless planned and
approached in a highly selective fashion.

1.3 Overv iew of Study Results

The TRW study of the Impact of MPP on System Development is corn-
plete and , with the completion of this report, the requirements of the
Statement of Work are satisfied . In striving to overcome the possible
adverse effects of the above mentioned problems, TRW defined and imple-
mented an innovative MPP impact assessment approach which included :

• Formulation of ma ny , more definitive sub-hypotheses i nvolving
the impact of individual practices on characteristics of software
and the software development process.

• Accomplishment of a modified Delphi exercise including severa l
surveys of SIP personnel to permit both relative quantification
and testing of the sub-hypotheses.

• Highly selective examination of STP records and documentation
for further testing of certain sub-hypotheses.

• Evaluation of the overall hypothesis through combination of
sub-hypothesis test results.

I
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Each of the surveys was based on a list of practices produced by refining
and extending the MPP listed in the TRW MPP Study Proposal. The surveys
were designed to achieve a balance of:

• desired objectivity in formulation and testing of the
hypotheses , and

• essential reliance on actual experience and use ofF qualified engineering judgernerit in evaluating MPP impact.

The participants in the impact evaluation study activity were selected from
a cross-section of SIP management and performer personnel and other key TRW
personnel including representatives from staff groups responsible for soft-
ware technology planning and research.

The surveys were key to the success of the MPP impact assessment
activity . In that they were conducted in the SIP context , Section 2 of
this report provides a detailed discussion of SIP software, computing
facilities , personnel and a chronology of significant project events. Sec-
tion 3 presents the study approach in terms of detailed task activities ,
discusses the steps taken in selecting a final set of MPP for study , and
describes in considerable detail the approach , analyses and results of the
surveys. Section 4 follows with a discussion of the need for a methodo-
logy to permit comparative evaluation of alternative MPP implementations.
Section 4 further discusses the feasibility and difficulty of arriving at
an acceptabl e and widely useful comparison methodology , and presents a
proposed comparison model and procedure for using it. Finally we demon-
strate the proposed comparison methodology through comparative evaluation
of the predicted relative impact of two subsets of TRW MPP in the context
of a hypothetical software development activity . Section 5 summarizes and
discusses the more significant study conclusions , describes the relation-
ship of TRW MPP to current Air Force practices , and provides recommendations
for continued research and increased application of hich-impact MPP.

In summary , TRW’ s study of the Impact of MPP on System Development
and the study results reported here represent important progress toward
confirmation of the hypothesis , viz :

Modern Programing Practices , if rigorously defined and
conscientiously applied , and if supported by appropriate
techniques and tools , hel p make it possible to produce
software of higher than usual quality at lower than usual
cost.

a 
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2.0 SYSTEMS TECHNOLOGY PROGRAM (SIP) ENVIRONMENT

2.1 General

TRW chose SIP as the “guinea pig ” for studying MPP impact for severa l
reasons. First , software development to date spans almost five years during
which many modern programming practices have been applied , most from the
beginning but some during only more recent development activity . Second ,
a great deal of data has been collected and is regularly used to analyze
and evaluate the performance of SIP developers and the software they
produce , and , based upon these analyses , an effort has been made to define
new production practices and supply developers with new tools to improve
performance -

There is one overriding reason for the large number of MPP used in
the SIP development activity . At the outset of the project (formerly
called the Site Defense (SD) program), there was considerable feeling out-
side TRW that the SD data processing subsystem , and especially the soft-
ware could never be built to meet the demanding performance specifications ,
and certainly not within the projected cost and schedule. To meet this
challenge , it was necessary to produce not only the heart of the SD system
(the real time software) but also the development support software and test
support software required to demonstrate that satisfactory performance had
been achieved . The sheer magnitude of the software (nearly 1 million machine
instructions) and the project (as many as 400 people) demanded unprecedented
rigor in the development process and led to the establishment and enforced
application of a variety of both existing practices and new practices
unique to STP.

The fol l owi ng subsections provide a brief description and histor ical
account of SIP to provide the reader with a general understand i ng of the
environment within which these modern programing practices were applied .

2.2 System Description

Site Defense (SD) was intended to be an anti-ballistic missile
terminal defense system. It was designed to possess a performance credi-
bility sufficient to deter an aggressor from a first—strike attack against
the Minuteman (Ill) force and to ensure that an acceptable number of MMs
survive in the event of a first strike. Furthermore, the SD System would
be capable of countering attacks of various levels and tactics , and of
degrading gracefully in the event of subsystem overloads or failures , or in
the event of attacks of greater severity than the design threat parameters.
The SD System development has been redefined to be a BMD Systems Technology
Program (STP) to provide objective evidence of the performance of the key
functions of a tactical SD System. The primary objectives of SIP are:

• Validating the data processing subsystem by demonstrating the
performance of the engagement software (the tactical applica- .
tions program (TAP) and the tactical operating system (lOS))
executed by the computer , a CDC 7700, against both real targets
and simulated threats.

~~~~~~~~~~~~~~~~~~~~ _ : T~~~~~~ ’±~~~ ~1$  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~
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• Providing the framework for incorporating currently deferred
data processing subsystem elements.

• Supporting data gathering during system tests at Kwajalein
missile range (KMR).

The SIP software being developed by TRW has been organized into
engagement software (ESW), test support software (TSs), and development
support software (DSS) categories . The software in these categories con-
sists of ten major computer programs and involves a total of nearly
1,000,000 machine instructions.

The ESW is the software necessary to identify and track ballistic
re—entry vehicles through the use of SIP system resources. The logic and
algorithms within the ESW consist of those needed to satisfy functional
and performance requirements which support the system engagement func-
tions: detect and designate objects, track objects, and discriminate
objects.

The software that actually runs on the CDC 7700 (the STP pro-
cessor), is referred to as a process. A process is composed of a data
base , an operating system, and one or more application programs . The Tacti-
cal Application Program (TAP) is composed of tasks, which are composed of sev-
eral levels of routines. The lOS is a table—driven , real—time operating
system desigi:ed specifically for the CDC 7700. TAP and the test support
programs operate under its control . TOS provides the following basic func-
tions: task supervision , scheduling , dispatching , real—time input and
output , system timing , data management , history logging, error detection ,
error processing, initialization , and termination .

The primary component of the Test Support Software (ISS) is the KMR
Test Support Program (KISP). KISP is required to test key functions of the
engagement process and to support system test operations at (HR . Addition-
al test support functions have been provided in the Data Processing Sub-
system Simulator (DPSS) and a variety of test tools used in the genera—
tion of test data and evaluation of test results. Development of two other
TSS components (i.e., the System Environment and Threat Simulator (SETS)
and the System Test Driver (STD)) was initiated , but continued development
was recently deferred .

The Development Support Software consists of the Basic Operating
System (BOS), the Process Construction Program (PCP), specialized develop-
ment support tools, and the Data Reduction and Report Generator (DRRG).
BOS, the primary operating system used in software development , consists
of a specially tailored version of the SCOPE 2 operating system for the
CD~ ‘630/7700 plus the associated loaders , compilers , assemblers , and
utilities. The functions of PCP are data base definiton , data base genera-
tion , task/routine compilation , process consolidation and process adapta-
tion using a higher — level , FORTRAN— like language which facilita tes
construction of the real—time software PCP , using the process designer ’s
input directives and definitions and a library file of coded routines and
tasks , assembles the application program , constructs the tables defining 
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the program operation to the tactical operating system, and links the
entire process together.

Specialized tools consist of a number of utility programs that aid
developers in the design , execution , and evaluation of SD software. They
provide information useful in static and dynamic analysis of the soft-
ware and relieve developers and testors of many repetitive and tedious
tasks.

DRRG is an off-line program used to postprocess in a non—real—time
environment the data generated by the test processes. DRRG supports
analysis and reduction of real-time execution history logs and generates
reports based on user requests.

2.3 SIP Programing Environment

2.3.1 The Computing Facility

The major elements of the computer hardware system consist of
CDC 6400, 7600, and 7700 computers. The CDC 6400 computer is used primar-
ily as an input and output station for the CDC 7600 and CDC 7700 computers.
The CDC 7600 computer was used in the early phase of software development
and was replaced by the CDC 7700, which is essentiall y two CDC 7600’s
wi th a shared large core memory. The 7600 and 7700 main frames have been sup-
ported by an extensive complement of peripherals driven by the CDC 6400.
At the peak of the configuration the system conta i ned two card readers ,
on e card punc h , six tape drives , eleven disk packs, six printers , one large
disk file , and three operators consoles . Off—line peripherals consisted of
one IBM 360—20 and three calcomp plotters.

All STP software development up to July 1976 has been done in
batch mode with some standalone testing of the real time system. No time
sharing or remote job entry systems have been used . After the CDC 7700
system was shipped to KMR (July 1976) a remote job entry (RJE) system
connected to the McDonnell Douglas Astronautics computer facility in
Huntington Beach , California has been used by TRW for software maintenance
and additional development. At the peak operation (mid-1974) approximately
600 batch jobs per day were processed by the computer facility at TRW.
Availability of the hardware grew from 85% (in early 1973) to an average
of 97% (mid—1976). Turn around time was greatest (4 hours) in mid 1974 for
classified runs and has averaged approximately 40 minutes for all runs from
mid 1974 through mid 1976. Throughout 1975, the second 7600 processor was
devoted for one full shift to real-time testing of lOS and lOS/TAP. The
computer facility was available for 1.5 shifts in 1973, 2.5 shifts in 1974,
2 shifts in 1975, and two shifts for the first 6 months of 1976.

CDC provided a complete set of user documentation for the computer
system and vendor supplied software. The early availability of up—to—date ,
accurate , and well written software documentation provided programmers who
were not familiar with the CDC system, a source of readi .y available
documents which were kept current by CDC through their documentation update
system. Appendix B contains a list of the major vendor supplied software
elements.
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A systems support group was established to be responsible for
maintaining the CDC supplied software. This group had the responsibility to
develop STP unique improvements and additions to the CDC software. A major
product of this group was the Basic Operating System (BOS) under which
most SIP software was developed . BOS is an extension of the SCOPE 2.1
Operating System and provides special features which are required for STP
software development.

2.3.2 The People

TRW ’s experience in large scale software systems development ,
anti—ballistic missile technology , radar systems, and systems engineer ng
provided a readily available source of highly qualified software managers ,
programmers , systems analysts , software engineers , and support personnel
for assignment to the STP project. The large TRW software personnel pool
and the STP proposal team made it possible to staff the SIP project with a
nucleus of qualified people , augmented by additional people hired in the
open job market. At its peak the project staff exceeded 400 personnel . A
history of the project population through mid—1976 is shown in Figure 2—1.
The figure also illustrates the personnel mix (educational background ,
degree l evel and experience) that has remained relatively constant
despite the large variation in project size.

The initial set of SIP software managers and key technical
personnel from the SIP proposal team were familiar with the detailed
technical issues of the software tasks, and enabled the STP project to
operate effectively from the beginning with very little of the typical
initial start—up “learning curve ” problems. In fact, all of the key
management and technical positions in the early project organization
(Figure 2-2) were readily filled by members of the TRW SIP proposal team.
As the SIP organization changed in keeping with the growth in project
personnel and the progressive phases of development activity , the approach
to software management has been to promote from within the project or to
use experienced TRW personnel from other projects to fill key positions.

The programmers on the SIP project fell into three major
categories: 1) CDC operating systems support programmers , 2) real time
systems programmers, and 3) application programmers. Since the primary
computing facilities at TRW already use COG 6000 series computers , the SIP
project had available to it a source of qualified systems programmers who
needed little additional training to use the CDC 7000 series computers.
A l so , since the Tactical App lication Program and lest Support Software
were written in FORTRAN , the availability of experienced programmers
within TRW and the open job market was not a problem. TRW ’s experience in
simulation , radar systems, antiballistic missile technology, test tool
development , and test support software provided a nucleus for the app lica—
tions programing area . In short , obtaining a qualified STP programing
staff was not a problem .
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2.4 SIP Chronology

The SIP Program began with the award of mul tiple contract defini-
tion (CD) phase contracts to three teams of contractors one of which was
the team of McDonnel l—Douglas , TRW, GE , and CDC. At the end of the CD phase,
eac h team was requi red to submit proposals for future SIP development and
the McDonnell—Douglas team won this competition. Since that initial award
the program has undergone multiple redefinitions (here called “Reprogramming ”)
mainly as the result of congressional action. The major effect of this re-
programming has been to stretch schedules and redefine the content of the
computer program deliverables. The approximate contractual chronology for
STP is as follows:

• CD Contract Award — April 1971

• CD Phase Complete/SIP Proposal Submi tted — November 1971

• SIP Contract Award - March 1972

• First Reprogramming (66 month program) — April 1973

• Second Reprogramming (72 month program) - March 1974

• Third Reprogramming (80 month program) - February 1975

• Fourth Reprogrammi ng (86 month program) — March 1976

Owing largely to the effect of the reprogramming on the STP soft-
ware development schedules , but also due to IRW ’s phased (Incremental
Development) approach, it is extremely difficult to provide a single , yet
meaningful illustration of the detailed STP development chronology. For
thi s reason , Figure 2—3 depicts the start and completion dates for incre-
ments (called “loops”), versions and critical releases of major ESW, ISS and
DSS components. More detailed chronologies are provided in tabular form in
Appendix B.
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3.0 MPP IMPACT EVALUATION APPROACH AND RESULTS

3.1 Detailed Technical Approach

In response to the Statement of Work , TRW defined and followed the
MPP study approach described below as a sequence of tasks. The tasks, in
combination , provided necessary engineering analyses to 1) accomplish an
in-depth evaluation of the effectiveness of MPP in the STP software
development environment , and 2) develop and demonstrate a methodology for
comparative evaluation of alternative MPP implementations. Figure 3.-i
illustrates the approximate sequencing of project activi ties and demonstrates
the high interconnectivity of the tasks described below.

Task 1: SIP MPP Evaluation

This task included : identification of candidate practices and selec-
t ion - .~~~ de~i n iti on of a f ina l  set of practices to be inc lu ded in the im pact
eva 1 uation stuJy; collection , organization and analysis of pertinent STP data
ar’j reconstr~ .tion of the chronology of major milestones in the project
development cycle; development of definitions for project terminology;
development of a description of the STP software developm ent environment;
and deta i led anal ys i s to determine the effects of adopting specific program-
ru i ng practices.

Subtask l.1: MPP Identification , Selection and Definition

This subtask inc lu ded: review of the can d idate MPP l i st p rov id ed i n
the TRW MPP Study proposal; identification of additional key practices
through interviews with SIP personnel ; refinement of the MPP set through
a series of surveys and ranking exercises to permit concentrated study and
im pact evaluation of a small number of key STP practices; and preparation
of both brief and expanded definitions of each selected practice to sup-

• port the impact evaluation activity .

Su btask 1.2: SIP Chronology Reconstruction

This subtask included : identification , collec tion and review of
relevant historical records , brief i ng mater i a ls , meet i ng reports , progress
and status reports and formal software development plans; identification
of key STP events; and preparation of a reconstructed chronology of STP
events including begin and end dates of distinct development activities
for each of the major components of the software , i ntermediate and f i nal
milestones , and dates mark ing both the availability and first app l i c a t i on
of spec i f ic  pro gramm i ng practices.
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Subtask 1.3: SIP Terminology Defini tion

This subtask included : identific ation of both general and specific
terms unique to or especially important in the SIP and/or MPP impact
evaluation context; preparation of brief definitions of all such terms; and
production of a glossary of selected definitions for inclusion in this
report.

Subtask 1.4: SIP Development Environment Description

This subtask includ ed : collection and review of formal system and
data processing subsystem documentation and project staffing historical
records; and preparation of a descripti on of the SIP software development
environment including 1) general characteristics of the computer hardware
configuration and operational support software (e.g., operating system ,
library utilities , compilers , assemblers) 2) the availability of computing
resources through batch , remote batch and time sharing services at various
stages of the software development , and 3) an illustration of project
personnel staffing in terms of the availability of specialized skills ,
fields and levels of education and directly related experience during
major phases of the software development activity.

Subtask 1.5: MPP Impact Evaluatio n

This subtask included :

• design of a framework to prov ide for the collection and repre-
sentation of quantitative data on the impact of practices on
software quality, cost and schedule

• development of a techni que (i.e., a modified Delphi exercise) for
obtaining individual assessments of the impact of practices based
on detailed analysis of available data by key SIP personnel

• preparation for and performance of two surveys of a cross section
of STP personnel to obtain impact assessments of 1) detailed
Programming Standards on desirable software qualities and 2) MPP
on typical problems that have plagued software development

• development and app lication of statistical analysis algorithms to
interpret cumulative response data and formulate composite impact
measures

• computation of figures of merit representing the average impact of
1) each practice on all problems , 2) all practices on each problem ,
and 3) all practices on all problems .
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Task 2: MPP Comparison Methodology Development

This task included : development and demonstration of a methodolo gy
for comparative evaluation of alternati ve MPP imp l ementations; and prep-
aration and oral presentation of a project status and comparison methodo-
logy definition briefing to RADC .

Subtask 2.1: Methodology Definiti on

This subtask included : investigation of alternative approaches to
MPP comparison ; selection of a technique that was both 1) feasible to
implement and use for comparative evaluation of many MPP implementations
and 2) compatible with the MPP impact evaluation/representation framework
developed in Task 1; and demonstration of the comparison methodology via
comparative evaluation of two distinct MPP implementations.

Subtask 2.2: Oral Presentation

This subtask included : collection , analysis and refinement of mat-
erials relevant to the status of the MPP definition , impact evaluation and
comparison methodology development activities; and preparation and presen-
tation of an oral briefing to RADC personnel .

Task 3: Technical Report Preparation

This task included all activities necessary for preparation of this
technical report to include:

• Information to describe the TRW Systems Technology Program (SIP)
software development activity and key modern programming
practices used in SIP software production ,

• A description of the approach taken to obtain quantified
assessment of the impact of MPP on software quality, cost and
schedule , the results achieved from the impact evaluation
studies , and corresponding conclusions and recomendations ,

• A description of the methodology for comparative evaluation of
alternative MPP implementations and an exemplary demonstration
of the methodology and support tool s in comparing the impact of
two subsets of SIP MPP , and

• Rationale and recomendations for 1) Air Force consideration of
key practices for inclusion in evolving software development
guidelines , and 2) continued research and development tasks
necessary to make proper use of TRW MPP study results and
achieve improved insights into the contribution of modern
programming practices to a disciplined and cost—effective soft-
ware engineering process.
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3.2 Selection of MPP

The term , Modern Proy dmniing Practices (MPP), generr lly refers to
standard programming practices , software design , construction , test and
documentation techniques and managem ent method s used in the production of
software for the purpose of enhancin g certain qualities of the software
and/or reducing, eliminati ng or circumventing known software producti on
difficulties. Clearly, a review of almost any large software develop-
ment activity could be expected to uncover some practices that easily
qualif y as MPP . Due to the highly critical nature of the STP software
development , it is not surprising to find that the set of such practices
employed at various stages of the project is large i ndeed . Given the
primary objective of the MPP study (i.e., to evaluate and quantify the
impact of MPP on the SIP developmen t) and given limited time and funding
to complete the task , it was clearl y necessary to choose a reasonably
small number of MPP to be studied so that sufficient attention could be
given to each.

Our approach to obtaining a final li st of MPP was straightforward
and involved the following:

• Identify a baseline set of practices through extensive inter-
views with key STP personnel .

• Survey a cross section of SIP and non—SIP personnel to obtain a
relative —importance ranking of the MPP and to identif y addi — —

tions to the baseline set.

• Analyze the expanded li st of MPP , delete those of low rank and
those highly peculiar to SIP and , where appropriate , combine
several related individual practi ces into one more general
practice .

Throug h iterative app lication cf the above steps , we progressed from the
original list of 14 candidate practices to the final set of 11 MPP as
illustrated by Figure 3—2. Appendix A contains brief descriptions of the
14 candidate practices and detailed definitions of the final 11 MPP.

It is important to note that we sought not only a manageable number
of MPP upon which to concentrate the impact analyses but also a representa-
tive collection of practices that spanned the major phases of STP develop-
ment. Of the set of 11 MPP:

• 4 practices app ly mainly to the requirements definition/pre—
liminary design phases of software development:

- Requirement Analysis and Validation
- Base lining of Requirements Specification
- Complete Preliminary Design
— Process Design 

~~-- 
~~~~~ • -
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• 3 practices apply mainly to the detail design and cod i ng phases:
— Enforced Programming Standards
- Incremental Development
— Unit Development Folders

• 2 practices apply mainly to the test phase:

- Independent Testing
- Formal Inspection of Documentation and Code

• 2 practices apply to all phases of software development:

— Software Development Tools
- Software Configuration Management

3.3 Impact Evaluation Study

A primary objective of the Impact of MPP on System Development pro-
ject was to obtain a quan tified assessment of the nature and extent of the
effect of modern practices applied to the TRW SIP software development.
Doing sc’ was expected to provide important evidence with respect to the
general :iypothesis (Section 1.2) as to the net positive impact of MPP on
software quality and cost.

Se’ection of an impact assessment approach and methodology was
strongly in~luenced by previous TRW experience on several related advanced
software tech~o1oyy studies. These were the Quantitative Software Safety
Study L14i und ’.~r contract to McDonnel l Douglas Astronautics Company and the
Characteristics of Quality Software study [15] for the National Bureau of
Standards . Both of these studies involved measuring the quality of
software and required identification of explici t characteristics (i.e.,
detailed qualities)of software and associated metrics with which a
quantified quality assessment could be achieved .

Similarly for the MPP study, the approach to evaluating the overall
impact of practices on software quality and cost involved 1) establishment
of a common set of software characteristics , and 2) development and use of
a technique to obtain measures of the ~rature and extent of the cause effect
relationship between each practice and each characteristic.

• In view of particular interest in programming standards , two distinct
impact evaluation activities were planned and conducted . The first focused
on 18 detailed documentation and coding standards from the current version

• of the SIP Software Standards and Procedures Manual l~iO] and sought an impactassessment relative to 30 characteristics of software and the software
development process. The second impact evaluation activity then concen-
trated on the 11 more general MPP and sought an impact assessment relative
to 12 typical nroblems that have plagued (and all too often characterize)
software deveaopment. The first evaluation thus called for 540 (i.e., 18 x 30)
individual measures of the impact of the practices on the characteristics ,
while the second required 132 (i.e., 11 x 12) impact treasures , one for each
practi ce-problem combinatio n .

I
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Owin g to the lar ge num ber of ind iv idual  im pact measures to be ob-
tained and the attendant magnitude of effort required to collect and
evalua te  data for each , i t was deci ded that the basic techn iq ue for ob tain -
ing impact measures should be a modifi ed Delphi exercise involving several
surveys of experienced TRW personnel . Use of this technique not only made
the acqu i s i t ion  of com prehensive , detailed impact assessment data a practi-
cal task , i t also brought into the impact evaluati on activities a broad
spectrum of project knowl edge an d thus var y in g im pac t assessments based on
the un ique and differing experiences of a cross section of SIP personnel .
In or der to ensure max imum object iv i ty  in the ana lys is  of res ponse data• and formulation of a composite impact measure for each practice-character-
istic combination , anal ysis algorithms were established in advance and
im plemented in the RANK , IMPACT and MERIT su pport pro grams. (See App end ices C
and D for detailed descrip tions of the algorithm s and support tools.)

In essence , the impact evalua t i on approac h was:
• Conduct a survey requiring each participant to provide an

individual measure (influence rating ) of the impact of specific
practices on certain characteristics of software development

• Anal yze the survey response data as necessary to obtain a
composite impact measure for each practice—characteristic
comb ination as well as measures of the impact of 1) each practice
on a l l  of the character i st ics , 2) all of the practices on each
charac ter i s t ic , and 3) all of the practices on all of the
character i stics.

3.3.1 Programming Standard s Im pact
The f i rst survey concentr ated on deta i led programm i ng standards an d

sought measu res of their impact on characteristics of software and the
software development process. The survey questionnaire was completed by 54
people rep resenting a cross section of STP personnel as fo l lows :

Tactical Operat ing lest Support Software Product Other
Software System Software Integration Assurance &
Desi gn & Software Design & and Configuration

Develo pmen t 
___________ 

Develo pment lest Management

17 9 11 11 3 3

The Programming Standards Impact Evaluation survey questionnaire 
-

~~~~~~

conta i ned three parts:
1) A two dimens ional matrix of 18 programming standards versus 30

software characteri s tics (i.e., 540 “mult iple choice/fill — in—
the—blank” questions)

2) A true/false question posed as a restatement of the general MPP
hypothesis: “Programm ing (i.e., documentation and codin g) stan—
ards , i f ri gorously def ined and systematical ly  enforced wi th
support tools , hel p make possible the production of software of
hig her than usual  ~j~al ity at l ower than usual cost” .

3) A request for a free-form statement (in 25 words or less) as to
the general effect of programming standards on SIP.

— ___:~• ~~ ~~~~~~~~~~~~ ~~~~
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Figure 3.-3 illustrates the blank survey questionnaire .
Each survey participant was asked to complete as much of the

matrix as possible and , from personal experience , to indicate both the
nature and amount of influence of each standard on each characteristic
by choosing and entering the most appropriate infl uence rating from the
following:

+2 Strong Positive Influence

+1 Some Positive Influence
0 No Influence

—1 Some Negative Influence
• —2 Strong Negative Influence

Blank Unknown Influence

Upon completion of the survey the mathematical algorithms and
support programs were used to analyze and summarize the response data.
The IMPACT program provided analysis of the response—frequency— distri-
bution (i .e., the number of +2, +1, 0, —1 , and —2 responses) for each
element of the matrix , computation of mean and variance , and application
of a hypothesis testing procedure (summarized in- Table C— Ill of Appendix C)
to derive both summary assessments of impact (i.e., positive , negative or
none) and confidence levels (i.e., strong, medium , weak) for assertions:

“Practice i has a positive (negative) infl uence on characteristic i.’

The sumarized results of the Programming Standards Impact Evaluation
survey are presented in Figure 3—4. The figure also contains a legend de—
scribing the abbreviated notation for the possible combinations of assertion
strength/influence rating which appear in the elements of the matrix , an
overall summary of the matrix contents , and the percentages of true, fal se
and “don ’t know” responses to the genera l hypothesis.

The IMPACT program also computed influence ratings for each row
(practice), each column (characteristic), and for the total matrix corre-
sponding to 1) the average effect of each practice on th’ combined set of
characteristics , 2) the average effect of the combined practices on each
characteristic , and 3) the average effect of the combined practices on the
combined set of characteristics. Thes~Ladditiona l a~sertion strength/in-fl uence ratings can be viewed as a l9~ ’ row and 31~ column of the matrix
as indicated in Figures 3-5 and 3-6.

• The assertion strength/influence rating for the combined practices
on the combined characteristics was determined to be Weak/Positive. The
weakness of the assertion strength is due to the large number (130) of
Indifferent (i.e., no effect) ratings for individual practice—characteristic
pairs , while the overall influence rating derives from the ratio of positive
to negative influence ratings (292/17 ~ 17.2) which clearly suggests Positive
impact.
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Practice Assertion Strength/
Index Practice Identification Influenc e Rating

1 Text Format wP

2 Text Level of Detail NP

3 Flow Chart Format WP

4 Flow Chart Level of Detail MP

- 

- 

5 Statement Label Format WP
6 Executable Statement Format WP

• 7 Routine Size (Modularity ) MI

8 Calling Sequence Arguments WP

9 Mixed Mode Arithmetic WI

10 Do-LOOP Usage WP

11 Computed GO-TO Usage WI

12 Labeled Common vs Blank Common Usage WP
13 Imbedded Physical Constants Usage WP

14 Preface Commentary Block Requirement MP

15 In-line Commentary Requirement MP

16 Structured Coding Requirement MI

17 Execution of Every Program Branch Requirement WI

18 Naming Conventions WP

_  I
EEo1u~

mn3

F i g u re  3-5.  - Practice Impact on Combined Characteristics
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Characteristic Characteristic Identification Assertion Strength!
Index Influence Rating

1 Requirements Traceability WP
2 Code Auditability MP
3 Documentation Auditability WP
4 Personnel Motivation WI
5 Interface Consistency WP
6 Software Integration WP
7 Documentation Rework WI
8 Coding Rework MI
9 Retesting WP
10 Customer/Contractor Relationship MP
11 Testing Thoroughness WP
12 Documentation Understandability /Readability WP
13 Code Understandability /Readabilit y MP
14 Documentation Maintainability/Usability WP
15 Code Mainta i nability/Usability MP
16 Testability WP
17 Operational Reliability WP
18 Cost MI
19 Schedule WI
20 Consistency MP
21 Completeness WP
22 Documentabi lity WP
23 Codabi lity (ease of cod i ng) MI
24 Documentation Error Frequency WI
25 Coding Error Frequency MP
26 Portability (Computer Independence) WP
27 Execution lime SI
28 Core Requirements SI
29 Logical Organization WP
30 Progranuier Productivity MI

“Row 19”: Figure 3-6. Combined Practices Impact on Each Characteristic
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There are far too many individual elements of the matrix to permit
detailed discussion of the assessed impact of each standard programming
pract ice on each of the software charac ter i stics.  Certain of the i mpact
evaluation resul ts are particularly interesting, however , and are deserving
of spec ial mention an d , in some cases, further explanation . These are:

• The Structured Coding Requirement received a positive influence
rating for 18 of the 30 software characteristics , a negative
for 7 characteristics , an indifferent rating for one character-
istic , and an inconclusive rating for all the rest, including
the average rating across all 30 software characteristics. Of
the 18 positive ratings , however , only 4 can be asserted with
strong confidence , 5 with medium confidence and 9 with only
weak confidence. On the other hand , just one of the 7 negative
ratings can be asserted with medium confidence and the other 6
with strong confidence.. Compared with the other standards which
all together received only 10 negative ratings , this indicates
a relatively dim view of structured coding on the part of STP
personnel . There are some good reasons for this to be the case.
First , it is well recognized that structured coding (unlike most
of the other standards) generally requires more core and execution
time . Additionally, the standard was not explicitly defined , estab-
lished and enforced until almost two years after SIP began , and the
requirement to restructure existing , working code was felt to be
both unnecessary and counter-productive. Moreover , writing struc-
tured code in standard FORTRAN is awkward and introduced some
inefficiencies in core and execution time making it difficult
to satisfy demanding design and performance requirements levied
on the real-time software. Finally, SIP has not yet reached the
phase during which the major benefits of structured programming
(i.e., improved readability and maintainability) are expected to
be reaped .

• Approximately one out of every four of the standard-characteristic
pairs received an assertion strength/influence rating of Indiff—

- • erent. The Indifferent rating implies a strong assertion of no
impact , in that over 75% of the survey participants had to enter

-• 
a no-influence (0) rating for the composite rating of Indifferent
to be obtained . Although at first the number of Indifferent

• ratings seems high , careful review of the matrix reveals a very
good match with intuition.
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• There are eight software characteristics which received no nega-
tive or inconclusive impact assessments for any of the 18 stan-.
dards. These are: Code Auditability , Documentation Auditability ,
Customer/Contractor Relations hip, Documentation Understandability /
Readability , Code Understandability/Readability, Operational
Reliability , Consistency , and Completeness. On the other hand ,
Personnel Motivation received 14 inconclusive ratings (showi ng
mixed positive and negative responses from the survey partici-
pants), three indifferent ratings and one negative. It appears
that the overall impact of standards on Personnel Motivation
correlates much better with the preceived impact on Cost and
Schedule (i.e., only two positive influence ratings for each)
than with the above—mentione d eight characteristics. This says
something quite positive about the objectivity of the responses;
i.e., in general the survey participants did not let their per-

• sonal distaste for a standard adversely effect their judgement
• of its effectiveness.

• The results for the Routine Size (Modularity ) programming standard
are particularly interesting in that they compare quite wel l wi th
those of Hoskyns in “Evaluation of Programming and Systems
Techniques ; Implications of Using Modular Programming. ” [16]
In pa r t i c u l a r , Hoskyns reports that 89% of those surveyed ex—
perienced “easier maintenance ” from modular programming. By
comparison , the software characteristics most closely related to
maintenance (i.e., Code Auditability , Code tinderstandabi lity/
Readability , and Code Maintainab ility /Usability ) all received

4 Strong/Positive ratings. Furthermore , Hoskyns ’ resul ts on
“better program design ” and “easier program testing ” (85% and
78%, respectively) compare well with ours for Log ical Organiza-
t ion and Tes tab i l i ty , both of wh i ch rece i ve d Stron g/Pos i t ive
ratings. Notably ,  fewer of the modular programming users (64%)
ex per i enced the benefi t of “more reli a b le prog rams ” , again com—
paring well with our results showing Medium /Positive ratings for
both Operational Reliability and Coding Error Frequency . On the
negative side , Hoskyns re por ts tha t 28% of the users cla i med

• “more computer time required during developmen t” and 27% ex—
perienced “less efficient final programs ” , corresponding to our
Strong/Negative and Medium /Negative results for Executi on lime
and Core Requirements. The only obvious inconsistencie s between
Hosk yns ’ resul t s  and those reported here are for Pro gramm er
Productivity and Schedule . Hoskyns ’ results for “higher pro-

— 

~rammer produc tivity ” (64%) and “more likely to meet target dates ”
(63%) are based , however , on a somewhat relaxed interpretation of
modularity (i.e., 20 to 2000 statements), while our Strong!
Inconclusive ratings relate to a formal standard restricting
modu le size to a maximum of 100 executabl e FORTRAN statements .

I
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To complete anal ysis of the survey responses , the free form responses
were carefull y examined. From review of all 54 responses, a list of genera l
response categories was prepared and fr&~quencies were derived for the numberof times each response category appeared in the total set of responses. Most
of the free form responses contained two or more of the response categories
(some as many as four) Thus , the sum of the category—appearance—frequencies
is much greater than 54, the number of free form responses analyzed.

Frequency of
Response Category
Appearance Response Category

17 Code easier to understand , m a i n t a i n ,
test , or document , or better
documentation

11 Consistent code format
11 Reduced bugs in code , more reliable ,

higher quality

10 Guided programmers , guidelines for devel-
opment

8 Standards introduced late , changing -•

standards caused negative impact

7 Constrained programmers ’ creativity
7 Immediate cost high , schedule impact

negative

5 Programmer gripes , disgruntlement
5 Recognition of overall cost decrease
5 Generally positive (unspecific)
4 D i sci p l i ned pro grammers
4 Arbitrar y or inconsistent standards
4 Not a pp l i ca b le , no op i n ion , or wait and -

see

3 Qualit y of standards insufficient , could
be improved

2 Interfaces better , easier
2 Job done faster and better
1 Generall y negative (unspecific)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— 

~~~
.- ~~~~~~~~~~~~~~ 

-



PAGE 3 - 17

It can be seen from this view of the free form responses that there were
almost twice as many positive comments (67) as there were comments of a
negative nature (35). Finall y, note that the hi ghest frequency categories
represent responses generally consistent with those of the Impact Evalua-
tion , i.e., code and documentation understandability and maintainability ,
coding error frequency, and consistency are scored generally “positive ” .
However , the categories dealing with the effect on programmers appear to
indicate a stronger impact than does the Impact Evaluation . In the latter ,
personnel motivation and programmer productivity did not seem to be big
issues , except for the effect of the structured coding requirement . This
particular standard clearly seemed to be the most controversi al and moti-
vated many of the free responses.

3.3.2 MPP Impact

The second impact evaluation survey focused on the 11 previously
identified MPP and sought an assessment of the extent to which the practices
did (in the case of SIP) and could (in a hypothetical software development)
contribute to elimination of typicfl problems tha t have plagued and adversely
affected software development activities. The survey questionnaire was
completed by 67 people from a cross section of SIP personnel . Of the 67
survey participants , 31 held management positions with varying levels of
project responsibility .

The MPP Impact Evaluation survey questi onnaire was designed as a
booklet containing five parts:

1) A series of individual impact rating matrices , one for each of
the 11 MPP . Each page contained a brief definition of the prac—
tice and a blank 12 x 5 evaluation matrix. Each row of the mat-
rix corresponded to one of the 12 typical development problems ,
while the columns offered a choice of five influence ratings.
Survey participants were required to enter an “A” in the ~pproi-priate column of each row to indicat •e the nature and extent of
the influence of the practice on each problem in the actual SIP
context , and to enter a “Y’ to indicate the theoretical , optimum -
impact of the practice under ideal conditions. Figure 3—7
illustrates the impact rating matrix used to evaluate each of the
MP P.

2) A list of the 11 practices and a request that they be ranked
according to relative importance with respect to their positive
contribution to elimination of software development problems.

3) A true/false question posed as a restatement of the genera l MPP
hypothesis.

4) A list of the 12 typical software development problems and a re-
quest that they be ranked according to relative significance
with respect to their negative effect on quality , schedule and
cost of software production .
(The questionnaire format for i tems 2,3 and 4 is illustrated in
Figure 3—8).

L~. _-r-- 
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MPP HIGH LOW NO 1014 HIGH

PROBLEM 
RATING POSITIVE POSITIVE EFFECT NEGAT IV E NEGATIV

COST OVERRUN

DEVELOPMENT STATUS INVIS IBILITY

UNRELIABILITY

.UNMAIN TAINAB ILITY

INADEQUATE SATISFACTION OF REAL 
— ________ ________ ________

REQU I RE~EUT S

IN EFFICIENT USE OF RESOU R CES

SCHEDULE OVERRIJ N

INADE QUATE PLANNIN G AND CO~TR0L

PROJECT MI SMANAGEfiENT

LACK OF PR0GRN-~ IN G DI SC I P L I N E  
- _______ _______

LACK OF CON CLU S IVE TE STI N G

POOR DO CUMENTATI ON

Figure 3—7. MPP Survey Questionnaire Samp le Rating Sheet
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t-1P~ Ra n k i!!_~j—.  — rip P RANK*

R e u i re in n l~~ 1 y o  
- • — . -.-Proce ss Desiy n

- —- ---—-- - _ -.- • . -•-__ _ -  

con!plete PreliPTha ry Dc slnn - -   —

Unit Deve lopment F~Tde rs —

Enforced P~ oy~ an 1ng~~ to n~~ rds 
- 

—

Inde pendent T es t l nQ 
— —

Soft~:are Conf iqura t f anaT~~r’1en t .-
~~~~~~~~~~~~~~~~

B a e n in~~~f Peq~~rem . ~ Tic~ãT~~r~ - 1111111
Founa l ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — ___ _ _ _

Soft ~ are_f )ev el o~~ient Tc o 1s

GeneraJ_~J J jy~p~h~sis: Rules governing software developm ent , evaluation ,
and documentation , if rigorously defined and applied , and supported by
modern programming practices (techni ques and tools), make poss ible the
producti on:

True Ealse ?

• of higher than uE.ual quali ty sof t w are Eli! Lii Li]
• at l ower than usLal life cycle cost Lii Li]

j~~~r~~DeyeJ qpnient Problem Rank ing

_____ 

PR OBLEM RANK *~
Cost Overrun
Development Status Inv i s ibi l ity 

____  _ _ _ _ _ _— —

— _ ---- -__ —--Unri~a in t a in a b i l it y  
_____  ______-—

Inadequate Sat is fact io rT~T~~~~rRequ ireme~~~ —~~~~~~~~
_________ __________

Inefficient Use of Re s o u r c e s  
--_____ _______

~Q~edu l!~~yerrufl__ 
____ H

Inadeq uate Plann~~~~~~c con~~~T 
_______

Proj çt tli s rnan nient 
_______

j n ~~~~D ipj~~e _ _ _ _ _

Lack of Conc lus ive TestJj~~~ ~~~~~~~~~~~~~~~~~~~~ .

Po or Documentation 
_____ _____ _____ _____ 

-
:

* Relat ive importance ranking : Use rank of 1 for “most important ,” 2 for
“next - :o St imp ortant , ... 11 for ” least
i mport~ n t

** Relat ive si gn i f icance ranking: Use r n k  of 1 for “most s ign i f i c a n t ’~ 2 fo r
“next most s iq n i f ic ~ n t ,” . . . 12 for ”least
Si(J ilii icant . ’

Fig ure 3-8. MPP Survey Questionn a i re Ranking Sheet
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5) A request for a brief free-form statement as to the need for
an d benef i ts der i ve d from MPP as app l i ed to SIP an d i n general .

Analysis of the MPP Impact Evaluation survey response data was
accomplished with the same mathematical algorithms and support tools used
in the programming standards study. The IMPACT program (Appendix D)wa s used
to compute influence rating averages and frequencies and to app ly the
hypothesis testing procedure to the response— frequency—distibution
for each practice— problem pair . The hypothesis testing was applied inde-
pendently to both the actual (A) and theoretical (I) responses , yielding
two composite assertion strength/influence rating indicators for each
practice—problem pair as illustrated in the MPP Impact Evaluation survey
summary matrix (Figure 3-9). IMPACT also computed an average response-
frequency—distribution for each of the 11 rows and 12 columns and for the
com p lete ma tr ix , thus providing an indication of the cumulative (average)
impact of 1) each practice on the combined set of problems , 2) the combined
set of pract i ces on each pro b lem , and 3) all the practices on all the
problems. The le gend i n the u pper le ft corner of the f i gure i ndicates  the
appropriate interpretation of the matrix contents. For examp le at the inte r-
section of row 9 and column 5 there is an SP above the diagonal and an SSP
below from wh ich we obtain:

“We can assert with strong confidence that , in  the a ctual case of
the System Technolo gy Pr ogram , the practice (Baselining of Re-
quirements Specification) made a £~~i t i ve con tr i b u t i on toward
elim inating the problem (Inadequate Satisfaction of Rea l Re-
qu i rements) .”
“We can assert with strong confidence that , in  th e theore t ica l
case , the practice CBaseJining of Requirements Specification)
can and should make a strong positive contribution toward elimina —
ting the problem (Inadequate Satisfaction of Real Requirements). ”

The Survey Summa ry on the right side of the figure indicates the
num ber of times each assertion strength/influence rating appears in the
matr i x , exclud i ng the l2 tn row and 13th column . For exam p le , the r a t i n g
SP (i.e., strong confidence/positive impact) was obtained for 24 practice—

• problem combinations in the actual STP case and for 54 combinations in the
theoret i cal case.

T he fig ure a lso  i l l u s trates the com posi te survey res ponse to the
general MPP hypothesis  true /false  quest i on , i nd i cat in g that  85% of the

• survey participants agreed that MPP contribute to the production of “higher
than usual qual ity software.” On the i ssue of “lower than usual  l i fe cycle
cost ” , agreement as to a posi tive MPP contribution is not nearly as marked ,
however , the true responses outnumber the false responses by almost 4 to 1.

In the formulation of the average impact of each practice on all
problems (i.e., the assertion streng th/influence ratings in column 13 of
the matr ix), equal significance of all problems was assumed . From the

F cumulative response-frequency-distributions for all of the practices , i t
was thus poss ib le to rank the practices in or der of their  rela ti ve im pac t
on the set of uniformly weighted problems. For the purposes of verifying
the survey results and further analyzing and estimating the relative value
of the practices in differing development activities , seve ral other rank i n gs
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were obta i ned . The RANK program (Appendix 0) was used to averd~~ the re-
lative — importance —practice rankings provided by th:~ survey participantS
and produce a composite rank ordering of the 11 MPP with a mean rank and
stan dar d dev i at i on for each. Sim i l a r ly , RANK produced a composite relative -
significance —problem ranking (with means and standard deviations) using as
in puts the individual rankings from the 67 survey questionnaires. The mean
ranks for the pro b lems were used to der ive  the p ro b l em we i gh ts shown i n
Figure 3-10 . Using these weights to appropriately factor each practice -
problem response—frequency-distribution , the MERIT program (Appendix D)
computed an average distribution for each practice on the set of weighted
problems. MERIT also applied the statistical hypothesis test to the response-
frequency-distributions for the theoretical case , producing the assertion
stren g th /in fluence ra t ings  an d the relat i ve im pact rank in g for the practices
i n wh i ch the var yi ng sign i f i cance of sof tware pro duct i on pro b lems i s re-
f lec ted . The resul ts of the three separate rankings of the practices are
shown in  F i gure 3-11 . Notice tha t, as a result of weighting the problems ,
the asser ti on stren gth /i nf luence r a t in g for Basel i n i ng of Re qu i remen ts
Spec i f i c a t i on  changed from Med i um/Posi ti ve to Stron g/Pos i t i ve  an d the
rela tive impact rank changed from 4 to 2. Tha t i s , in a software develop-
men t activit y for which the 12 typical problems are of ~~~~ (or very
nearl y equal )  si gn i f i cance , it can asserted w i th med i um con~Tdence that:

“The practice , Basel ining of Requirements Specification , makes a
positive contribution toward elimination of the problems , and
onTy 3 other practices have more positive impact. ”

On the other han d , the Stron g/Posi ti ve ra t ing  an d the rank of 2
i mp ly that , in a software development activity for which the problems have
var ying sign ificance (and are assigned the weights of Figure 3—10), it can
be asserted w i th stron g con fid enc e tha t :

“The prac ti ce , Ba sel i n i n g of Re q u i rements Specification , makes a
positive contribution toward elimination of the problems , and
onTy 1 other practice has more positive impact. ”

Anal ysis of the MPP impact evaluation survey summary results matrix ,
together with the above three practice rankings , prompts the following
genera l observations:

• There is strong agreement among SIP perso nn el as to the four
MPP of gr ea tes t imp ortance an d imp ac t and stron g ag reement on
the i r re la t i ve rank i n g :
- Requirements Anal ys is  and Va l ida t ion
- Baselining of Requirements Specification
- Complete Preliminary Design

- Process Design

• There is strong agreement on the importance and positive impact
of the next three most highly ranked MPP , but t he re la t i ve rank-
ing among them i s less c lea r :
— Increment al Development
— Uni t Development Folders
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- Software Development Tools

• There is strong agreement on the importance and positive impact
of the four lower ranked MPP , but the relative ranking among
them is not at all clear:
- Independent Testing
— Enforced Programing Standards
— Software Configurati on Management
- Formal Inspection of Documentation and Code

Detailed analysis of the 67 free form MPP survey responses address-
ing the need for and benefit of MPP on SIP and in general resulted in
identification of 12 response categories . Many of the free form responses
fell into more than one category.Ihe following describes the response cate-
gories and identifies the number of comments in the 67 free form responses
which fell into each category.

Frequency of
Response Category
Appearance Response Category

— 1 22 Generally benefical. Benefit in proportion to
size of program .Good management practices and

-: good source of management information. Using
MPP changed undisciplined process to produce
reliable , consistent software. Should result
in l ower maintenance costs.

15 Neutral or no comment.

11 MPP should be tailored for the application. Modes
of applicati on should be flexible. A subset of
MPP could be cost—effectively used in unique
app lications.

11 MPP can be costly to establish and enforce. Can
increase work and decrease productivity . Some
MPP emphasized low leverage activities. Some
standards i nferior to normal practices.

10 Other factors more important than MPP , e.g.,
work environment , stability of software re—
quirements , professional experience and manage-

• ment expertise.
8 Discip lined use of MPP not strongly enforced .

Lack of comittment to achievement of lon g
range MPP benefits. MPP application neither ex—
tensive , nor consistent nor early enough causing
some increased cost due to rework. Independent
testing not very effective. 
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5 Need for better documentation and training on
the proper application of MPP to achieve more
uniformity , productivity and discipline.

4 Requirements changes are most important software
development problem that MPP alone can ’t solve.

4 Unit Development Folders essential for required
management visibility of software development
status. Process Construction Program and Code
Auditor necessary to ensure code compliance with
standards.

2 Quality Assurance personnel not sufficiently
qualified (technically) for good communication
with developers. Configuration Management sys-
tem too slow in responding to change; required
fast—response informal change control system.

1 Review of Unit Development Folders (UDF) re-
quires extra time and effort; UDF control re-
quires a large bureaucracy .

1 SIP afforded excellent opportunity to experiment
(define, apply, evaluate , improve) on a variety
of modern practices , thus very beneficial for
future programs.

From the above it can be seen that 38 of the 94 coments (about
40%) were positive in nature, while 27 (about 29%) were negative and 29
(about 31%) were more or less in the middle. More important than the per—
centages, however, the overall message in the comments appears to con fi rm
some of our earlier findings , and prompt new ones namel y:

• The proper handling (i.e., base lining and controlling changes)
of software requirements is of critical importance with respect
to software quality , cost and schedule , and MPP wh i ch encoura ge

- - and support proper handling (such as Baselining of Requirements
Specification and Requirements Analysis and Validation) are
most needed and have most beneficial impact.

• Although there is substantial agreement on the overall beneficial
impact of the 11 STP MPP , there is clearly room for improvement ,
especially regarding the four least highly ranked MPP (Independent
Testing, Enforced Programing Standards , Software Configuration
Management , and Formal Inspection of Documentation and Code).
This is consistent with the MPP Impact Evaluation summary which
generally indicates higher positive MPP impact (in the theoreti-

- 
- cal case) than that reported in the actual SIP software de-

velopment to date .

• Most of the positive attitude toward and general acceptance of
MPP is expressed in terms of positive impact on software quality

— (particularly reliability and maintainability), while it is
apparently felt tha t MPP contribute less directly to software
development cost and schedule. Furthermore , if MPP are introduced

I
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late in the development process , or if they are poorly defined or
poorly understood and inconsistently applied , they can adversel y
effect rework , productivity , and personnel motivation with pos-
sible negative impact on cost and schedule .

3.3.3 Correlation of Study Results

The preceding sections reported upon two independent but similar
impact evaluation activities. The first provided an assessment of the im-
pact of detailed coding and documentation standards on desirable character-
istics of end i tem software and the software development proce .s. The second
provided an assessment of the impact of higher level modern programming
practices on avoidance or elimination of typical problems that plague soft-
ware development. The two activities were similar in that they sought quan-
titative data to permit completion (i .e., filling in the blank) of statements
of the general form:

“It can be asserted with________ confidence that practice X has _______

impact on software characteristic (or problem ) Y.”
For example , from the Programming Standards Impact Evaluation we obtained
an assertion strength/influence rating of Medium/Positive as the perceived
average impact of programming standards on the software characteristic
“Code Mainta i nability/Usability ”. From the MPP Impact Evaluation we obtained
two impact ratings for the practice “Enforced Programming Standards ” on the
typical software production problem “Unmaintain abi lity ”. These were Strong/
Positive (based on actual SIP experience) and Strong/Strong Positive
(estimating the theoretical impact under optimum circumstances).

There were enough similarities between the surveys to permit a
direct comparison and simple illustration of the highly correlated results.
That is , it is possible to compare the average impact of programming stan-
dards on a software characteristic with both the actual and theoretical
impact of Enforced Programming Standards on a problem strongly related to
the characteristic. In the illustration of the comparison (Fi gure 3—12. ),
the l etter “C - indicates the composite (i.e., average) assertion strength!
influence rating from row 19 of the Programming Standards Impact Evaluation
matrix. The letters “A” and “T” indicate the ratings from corresponding
column elements in row 6 of the MPP Impact Evaluation matrix. The y— axis
contains an ordering of the possible impact ratings from very positive to
very negative with all Inconclusive ratings combined as a single point on
the scale , and the x— axis contains seven areas of commonality between the
characteristics and problems in the two surveys.

The apparent correlation of the survey results is very good , es-
pecially in view of several important differences in the surveys;

• The “C” ratings represent the average influence of all 18
standards on each characteristic , while the “A” and “I” ratings
are for the total influence of Enforced Programming Standards
on each probl em.

• The first survey was primarily concerned with initial development
cost and schedule , while the MPP survey called explicitly for
impact assessments with respect to life cycle cost and schedule
concerns.
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4.0 MPP COMPAR ISON METHODOLOGY

4.1 Objective and Approach

One of the very important aims of The Impact of MPP on System
Development study was to develop a framework within which various practices
and overall MPP implementations could be compared . To begin to solve the
problem of selecting appropriate practices for a particular arp lication ,
it was necessary to provide an MPP comparison methodology that would permit:

• detailed comparative analysis of two or more individual prac-
tices , and

• overall comparison of the combined effectiveness of alternative
MPP implementations .

It was expected that such a methodology would represent significant progress
toward more scient ific and systematic evaluation and selection of specific
practices which address the range of problems that have historically plagued
software production. Unfor tuna te ly ,  in the past , very little attention has
been given to determining the actual nature of the effect of individual
practices on distinct software production problems. What has been missing is
an appra i sal of the strengths and weaknesses of practices and the use of
the appraisal to guide selection of appropriate practices for application to
software projects of varying type , size and complexity.

Clearly , all modern programm i ng practices are not equally effective
in all respects. It  is recognized that different people have different
strengths and weaknesses , and the same is true for modern programm i ng
pract ices. In fact , this phenomenon is especially evident for practices since
they are usually invented for a special reason (e.g., to enhance some parti-
cular software quality or to solve some part icular production problem) wi th-
out regard for other possible benefits and side effects.

The approach to development of both the MPP impact evaluation metho-
dolo gy and the MPP comparison methodology was strongly influenced by the above
cons ideration . The approach was to identify software production areas , wi th i n
wh ich comparison of practices could be accomplished in terms of individual
strengths and weaknesses. This involved the development 0f a model that would
serve to both definitize and normalize the impact of practices on software
development. It also involved the definition of a procedure for using the
model to compare MPP imp l emen tations to aid in the selection of appropriate
practices for different software projects.

4. 2 T he Com par i son  Model an d Proce dure

The basic element of the comparison model is a generalized version
of the impact evaluation matrix. Specific examples of the matrix are given
elsewhere in this report in presenting the results of the Programming
Standards and MPP Impact Evaluation activities. In both cases , each row of
the matr ix corresponded to a practice , and each column corres ponded to a
charac teristic of software production(i.e. , a quality of developed software ,
a n a ttr i bu te of the so ftware develo pment process , or a typical problem
plagu ing software development). The generalized vers ion of the matrix for

-: ~~~~~~~~~~~~~~~~ ~~ ~~~~. - ‘ IlJ:’ ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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compara tive analysis of MPP implementations can be viewed as a combination
of the impact evaluation matrices for two sets of MPP as illustrated in
Figure 4—1. Each element of the matrix contains five numbers (i.e., a
distribution of frequencies) corresponding to the influence categories:

• High positive

• Low positive

• No contribution

• Low negative

• High negative

The procedure for performing a compa rative analysis of the two MPP
implementations involves computation of an overall figure of merit for each
MPP set. In order to permit comparative eval uation of selected MPP in the
context of differing types of software development activities , the procedure
also involves an assignment of weights to each column (characteristic) and
each row (practice). Each column weight is a number between- 1 and 99 which
reflects the relative importance of the characteristic in a part i cular  soft-
ware development context. Each row weight is either 1 or 0 to indicate whether
or not the influence of the corresponding practice is to be used in computing
an overall figure of merit for the MPP set.

Given a set of column weights (CW. for i=1 ,N) a gross comparison
p of the two MPP implementations can be obt~ined from two applications of the

hypothesis test performed by the MERIT support program . A figure of merit
for the first MPP implementation (FOM1) -is obtained by setting the first
M1 row weights equal to 1 and the remaining row weights eql!al to 0. Similarly,
FOM2 is obtained by setting RW~=0 for i=1 ,M1 and the remaining row
weights equal to 1. In addition to the overall FOM , MERIT produces a com-
posite FOM for each row (i.e., the summary influence of each practice on all
characteristics) and for each column (i.e., the summary influence of all
practices on each characteristic). Implicit in the calculatton of the fi gures
of merit is the basic assumption that the cumulative impact of severa l prac—
tices is strictly additive (i.e., not mutually synergistic or overlapping).
A comparative analysis of the two MPP implementations is accomplished through
review of the two sets of MERIT output and direct comparison of the overall
figures of merit as well as those for each column . In addition , com parison
of figures of merit for the rows provides an indication of the relative
influence of alternative practices on all characteristics.
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Figure 4—1. : MPP Implementation Comparison Matrix
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4.3 An Example of the Compariso n Methodology

To i l lus tra te the com parison met hodology, the set of 11 SIP modern
program i ng pract i ces was ar b itrar ily di vide d i nto two MPP i mp l ementa ti ons
with MPP Set #1 including:

• Requirements Analysis and Validation — P11

• Process Design - P12

• Incremental Development - P13

• Complete Prelim inary Design - P14

• Unit Development Folders - P15
and MPP Set #2 including :

• Enforced Programm ing Standards - P~1

• Independent Testing - P22

• Software Configuration Management -

• Base lining of Requirements Specifications — 

~24

• Formal Inspection of Documentation and Code - 

~25

• Software Develo pment Tools — P26

In addition , to illustrate the potential for analysis of the
potential impact of MPP in the context of differing types of projects,
new weights were assigned to the characteristics (i.e., the typical problems
plaguing software development) to reflect the relative si gnificance of the
problems in a hypothetical development activity . The weights used for this
example were arbitrar il y chosen as the following :

Characteristic (Problem) Weigh t
C1 (Cost Overrun) 99

C2 (Development Status Invisibility) 50

C3 (Unrel iability ) 75

C4 (Unmaintainability) 25

C5 (Inadequate Satisfaction of Real Requirements) 50

C6 (Inefficient Use of Resources) 75

C7 (Schedule Overrun) 75

I
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C8 (Inadequate Planning and Control ) 1

C9 (Project Mismanagement) 1

C10 (Lack of Programming Discip line) 1

C11 (Lack of Conclus ive Testing) 25

C12 (Poor Documentation) 25

The MERIT program was used to apply the appropriate row and column
weights to the individual influence distributions , compute composite
distributions for each row and column and for the entire matrix , and per-
form the hypothesis test distributional algorithm in deriving for each set
of MPP:

• an FOM (assertion strength/ influence rating ) for each practice
on the we ig hte d probl ems ,

• an FOM for all practices included in  the narticular MPP set on
each problem , and

• an overall FOM for the combination of all pratices included in
the particular MPP set on the combined set of weighted problems.

The key analysis results are shown below , and complete MERIT output is in
Ap pendix E.

Some strikin g differences are seen in comparison of the asserted
im pact of the combined practices of Set 1 versus the combined practices of
Set 2 and in comparison of the overall figures of merit for the two MPP
im plementations . The summary figures of merit (i.~ ., assert i on stren g th !
influence rat ing ) obtained from the hypothesis test performed by MERIT were
as follows :

Characterist ic (Problem) MPP Set #1 MPP Set *2
C1 (Cost Overrun) Strong/Positive Str .ong/Positive

- 

i_ C2 (Development Status Invisibility) Strong/Strong Positive Medium/positive

C3 (Unrel iability) Strong/Positive Strong/Positive

C4 (Unma intai nability ) Medium/Positive Medium/Positive

C5 (Inadequate Satisfaction of Strong/Positive Medium/Positive
Real Requirements)

C6 (Inefficient Use of Resources) Strong/Positive Med i um /Positive

C~ (Schedule Overrun) Strong /Positive Medium/Positive

_ _ _ _ _  
-
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C8 (Inadequate Planning and Control ) Strong! Positive Medium /Positive

C9 (Project Mismanagement) Medium/Positive Medium /Positive

C10 (Lack of Programming Discipline) Medium/Positive Medium/Positive

C11 (Lack of Conclusive Tes ing ) Strong/Positive Med i um/Positive

C12 (Poor Documentation) Strong/Positive Medium/Positive

The most noticeable difference is between the assertion strength!
influence rating for the MPP Sets on Characteristic 2 (Development Status
Invisibility) which prompt the following :

• We have strong confidence that the 5 practices of MPP Set 1,
in combination , make a strong positive contribution toward
el iminating the problem of Development Status Invisibility .

• We have medium confidence that the 6 practices of MPP Set 2, in
combination , make a positive contribution toward eliminating the
problem of Development Status Invisibility .

The result of weighting the individual influence distributions in
computing summary FOtIs for each practice and a composite FOM for the two
MPP sets is shown below: 

-

- Weighted Figure
Practicé~ of Merit

P11 — Requirements Analysi s and Valiciation Strong/Positive

~12 — Process Design Strong/Positive

P13 — Incremental Development Strong/Positive

P14 — Complete Preliminary Design Strong/Positive

P15 - U it Development Folders Strong/Positive

[Composite (MPP Set 1) Strong/Positive ]

P21 — Enforced Programing Standards Medium /Positive

~22 
— Independent Testing Medium/Positive

P23 - Software Configuration Management Medium/Positive

— Base lining of Requirements Specifications Strong/Strong Pos.

PA’~E A -
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Weighted Figure
Practice of Merit

— Formal Inspection of Documentation & Code Medium /Positive

— Software Development Tools Strong Positive

Composite (MPP Set 2) Med i um/Positive l

The composite figures of merit for the two MPP imp lementations are
indeed different , and , in the context of a hypothetical software develop-
ment activity (for which the weights are relevant):

• We have strong confidence that the 5 practices of MPP Set 1 , in
combination , make a ppsitive contribution toward eliminating
the problems.

• We have med ium confidence that the 6 practices of MPP Set 2, in
combinatfàn , make a p~sitive contribution toward eliminating the
problems.

4.4 Limitations of the Comparison Methodology

It was indicated earlier that the MPP comparison model could be
used for the selection of a set of appropriate practices for a proposed
software development activity . This involves computation of an overall FOM
for candidate com~’inations of MPP and selection of the combination with
the best FOM. It is important to note, however , that the validity of the
FOM computation is dependent upon the make up of the individual matrix
elements (i.e., the influence rating frequency distributions) which are
summed to form an overall distribution. In particular , the sources of the
impact evalu ation ratings may be different and , unless the frequency distri-
butions are normalized , the influence of one practice may unduly dominate
the composite FOM. This problem can be avoided by appropriately factoring
the individual frequency distributions as necessary to cause the sum of the
frequencies in each matrix element to ‘- e a constant. For example , the three
unnorma lized distributions below can be normalized as shown :

Unnorma l i zed Frequency
.....~
j ~~~ Composite

High Positive 14 4 1 19 15.2

Low Positive 26 8 4 38 30.4

No Contribution 22 20 14 56 44.8

Low Negative 7 3 1 11 8.8

Hig n Negative 1 0 0 1 .8

Total 70 35 20 125
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Normalized Frequency
Distributions Composite

High Positive 14 8 3.5 25.5 12 .1

Low Positive 26 16 14 56 26.7

No Contribution 22 40 49 111 52.9

Low Negative 7 6 3.5 16.5 7.9

High Negative 1 0 0 1 .4

Total 70 70 70 210.0

The importance of normalizing the contents of the impact evaluation matrix
is more apparent fr om comparison of the differing percentages for the un—
normalized and normalized composite frequency distributions in the above
example.

An alternative and easier way to avoid adding “apples and oranges ’
is to use the percentage figures computed for each frequency distribution
in formulating the composite FOM , divide by the number of matrix elements
in the sum (i.e., compute average percentages), and apply the hypothesis
test to the percentages rather than to the summed frequencies. The MERIT
program does not currently provide this capability but could be easily
modified to do so.

A secondary limitation on the utility of the MPP comparison metho-
dology arises from the strict dependence on the completed impact evaluation
matrix. There are , of course , alternative methods for acquiring impact
evaluation data including the modified Delphi/survey/selective validation
approach used in this study, experimentation and data collection on parallel
development activities , and detailed analysis of a variety of software
developments using various MPP combinations . All of these methods are
aimed at isolating and measuring the effect of individual practices on soft-
ware production , and all are difficult and time consumi nci to apply.

Finally it should be noted that the two sets of characteristics
used in this study (i.e., the desirable qualities of software and the
development process and the typical problems plaguing software development)
are certainl y not exhaustive. Although the 12 typical problems served well
as metrics for evaluating the impact of selected STP modern programing
practices , it is possible that the greatest strength (or weakness) of some
practice cannot be readily represented without expanding the list of char-
acteristics. Thus , if many comparisons of MPP implementations are antici-
pated , it is necessary to first establish a comprehensive set of corrinon
characteristics upon which the detailed assessment of a wide variety of
practices can be based as necessary to permit a fair comparison of re—
lative impact.

________________________ a-. . -. - -r ~~ -~~-L .~~~~- -
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5.0 CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

Of the more than 30 candidate modern programming practices consid-
ered dur i ng thi s study, the follow i ng four were determined to have the
strongest positive impact on software quality and productivity:

1. Requirements Analysis and Validation

2. Basel i n i ng of Requ i remen ts Specif ica ti on

3. Comp lete Prel iminar y Design

4. Process Design

This outcome is consistent with data available from other projects [-5 ,17]
indicating that increased rigor and engineering discipline in the re-
quirements definition and design phases have the highest leverage on
im proving software production.

The following three MPP were determined to have the next highest
i mpact:

5. Incremental Development

6. Un it Development Folders

7. Software Develo pment Tools

The follow ing four MPP completed the list of the highest—impact
pract i ces:

8. Indepen den t Test i ng

9. Enforced Programming Standards

10. Software Confi guration Management

11. Forma l Inspection of Documentation and Code

— All eleven of these MPP were determined to have a generally positive
im pact on attaining desirable qualities of software and achieving more
productive developer effort through elimination of typical software produc-
t ion problems . A special survey and analysis of the impact of 18 detailed
p ro gramm i ng standar ds on 30 spec ifi c software qual i t i es showed a general ly
positive impact on software quality and a mixed impact on software develop-
nent productivity. Noting , however , that improved software quality strongly
correlates wi th long range benefits such as easier software maintenance ,
the net result is an overall positive impact of the standards on software
li fe—c ycle productivity.

~~~~~~~~ ~~ ~~~
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The deta i l ed  resul t s  p rov id e hun d re d s of impac t assessmen ts for
individual MPP that are difficult to abstract here , but which provide
deta i led su pport to dec i s i on ma kers concerned w i t h select i on , definition ,
and imp lemen tation of app ro pr i ate standar d s and proce dures for i n di v i dual
projects. Clearly, the assess ment of a lar ge num ber of i n di v id ual i nter-
actions in the analysis of candidate combinations of MPP can be impractical
to handle by manual methods. This problem was addressed in the study by
develo p in g severa l easy—to-use computer programs to support cumulative MPP
im pact assessments and comparative evaluation of MPP implementations.

5.2 Discussion of Conclusions

It shoul d no t be sur pr is i ng t ha t the overal l  evalua ti on of the SIP
MPP turned ou t to be pos i t i ve , ma i nl y because SIP was never intende d to be
a trial experiment with a set of practices having unknown effect. Indeed ,
a major emphasis  of the projec t was to evolve an improving set of practices
to eliminate a wide range of software production problems , to enhance speci-
f ic  software qu a l i t i e s  an d to reduce the l i f e  cycle cost of the software.

This  evolut i onar y a pp roach has had severa l effects .  The fi rst an d
- 

. 
most obv i ous is that an evaluation of any set of relatively mature practices
will almost certainly produce a positive impact rating, because , i n general ,
the practices are des ig ned , applied , examined , an d re fi ned wi th  that  goal
in m ind . Another more subtle but important observation concerns the evaluated
im pact of individual practices.

Before a newl y imp le mented practice becomes mature (i.e., during
its initial application), its value is strongly governed by two competing
phenomena: the Hawthorne effect [18], and a resistance to chan ge/learning curve

- - effect .  The firs t results in emphasizing (often overemphasizing) the strengths
of the practice while resistance to change has generall y the opposite effect.
This competition is healthy since it leads to steady improvement of the
practice through refinements which maximize the strengths and minimize the

- - weaknesses. The evolutionary process involves many people , however and it
is sometimes painful and usuall y slow. Thus , the p rema ture evalua ti on of a
pract ice , if objective , w i l l  often be mixed , hav in g posi tive  im pa ct i n some

• areas , negative impact in others. In some areas the impact may be inconclu-
sive (i.e., neither clearly positive nor negative) due to differing exper-
iences and insufficient data.

The best example of the latter phenomenon occurred in the evolution
of the structured coding requirement. It was the most recently adopted SIP
standard programming practice. Ihe evalua ted impact of the structured coding
practice was (as shown in Section 3) either negative or inconclusive with
respect to one third of the desirable qualities of software and the develop-

• ment process. Among the factors which also influenced the structured pro-
granining requirement were :

• The forma l requirement for structured coding was established
two years after the start of the project , after a large amount
of code had been developed ,

- ~~~~~~~~~~~~~~~ ~~~~~~~~ ~~ ~~~~~~~~~~~~~~~~~~~~~~~ -
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• The structuring standard was imposed o~ coding i n either
FORTRAN or assembly language , neither~of which easily support
writin g structured programs , and - “

• The phase of the project during which the major benefits of
structured programming are expected to be reaped (i.e., during
operations and maintenance) has not yet begun.

Ano ther im por tant feature of the stud y results is the grouping of
the eleven MPP into three broad categories. The four highest ranked prac-
tices (Requirements Analysis and Validati on , Base lining of Requ i rements
Specifications , Comp lete Pre l im inar y Design , and Process Design) fel l into
one group; the three middle ranked practices (Incremental Development , Unit
Development Folders , and Software Development Tools) in another; and the
four l owest ranked practices (Formal Inspection of Documentation and Code ,
Software Configuration Management , Independent Testing , and Enforced Pro-
gramm ing Standards) fell in the bottom group. The si gnificant point to be
noted is that the highest ranked group contains practices that are generally
applied at the front end of the software development activity , the middle
ranked group applies to the middle stages of development , while the l owest
ranked group applies mostly to the latter stages.

Notice also that the first group, and , to some ex tent , the second
group of practices are viewed as providing assistance to the human perform-
ance of tasks generally thought of as complex , thought— provoking and highly
creative. The last group, on the other hand is more often viewed as the
implementation of policing functions aimed at checking up on developers and
poin t ing  out their m i stakes. It is likely that a practice -popularity -poll
would correlate well with the actual ran king of the groups according to
their relative positive impact on software development.

The relative im pact ranking of the groups of practices was also
strongly influenced by their history of application in the SIP chronology
(Section 2). In particular , the software development activity has been
influenced by the first group of practices for the longest period of time ,
and those practices , therefore , have had more opportunity to make their
positive impact felt. This observation is consistent wi th recent software
eng ineering research findings (e.g., CCIP-85 and the recentl y comp leted
TRW Software Reliability Study for RADC ) which point out 1) the large
fraction (as high as 70%) of total software problems which occur early in
the develo pment cycle , and 2) the unusuall y high value of practices that
hel p find problems as early as possible , before they propagate confusion ,
additional work , and expense throughout subsequent project phases [17,19]

Another important conclusion of the study is that the isolation of
the effect and evaluation of impact of any given practice wit h~ ri a large ,
complex and dynam ic project environment can be exceedingly difficult.
For tunately this conclusion was anticipated at the outset of the study, and
great care was taken to identify a select subset of the many STP practices
such tha t :

~~~~~~~~~~~~ 
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• The number of practices was small enough to permit thorough
study of each ,

• Each practice was generic enough (i.e., not strongl y oriented
toward unique features of SIP) to permit relatively straight-
forward inclusion in Air Force development guidelines with

• broad applicability ,

• Each practice had been used extensively enough to ensure a
reasonable base of project data and experience to support impact
evaluation , and

• The set of practices , in combined application , spanned the
development process and addressed each major development
phase.

The careful selection of MPP limited the number of practices a lot and
limited their scope a littl e, but it permi tted sufficient depth of the
impact analyses and sufficient effort for comparison methodology devel-
opment to make i t possible to u l t imate l y conclude:

• The SIP MPP (and some practices in particular) contribute
significantl y to enhancement of important qualities of soft-
ware , and general ly the investment required to im plement and
app ly MPP pays off in overall life—cycle cost reductions.

• There are si gnificant differences among MPP in both the areas
- 

- to which they contribut e and the magnitude of the contributions
they make.

• It has been demonstrated that a methodology can be developed
and used to obtain a comparative evaluation of alternative
MPP implementat ions.

• The MPP comparison methodology (including the support tools
developed for this study) can be used to both select and
evaluate candidate combinations of MPP for projects of
varying type, size and complexity.

5.3 Relation of Conclusions to Current Air Force Practices

Some of the MPP determ i ned in this study to have high positive
impact are already fairly well covered by established Air Force regulations
such as MS—483 and MS-490. These are:

*2. Baselining of Requirements Specification
#10. Software Configuration Management
Other of the MPP have been covered in some of the more recent Air

• Force and DoD initiatives such as AFR 800.14, DoDD 5000.29, MS—52779, and
the recent RADC standards effort. These are:

#1. Requirements Analysis and Validation
#3. Comp lete Prel iminary Desi gn

#8. Independent Testing
I
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#9. Enforced Programming Standards

#11. Forma l Inspection of Documentation and Code

Some of the MPP are sufficiently well-formalized and general-purpose
to be covered in new Air Force policy initiatives. These are:

#5. Incremental Development
#6. Unit Development Folders

#7. Software Development Tools (partly ——e.g., test tools , code
auditing tools)

Still other of the MPP need and deserve further formalization and/or inves-
tigation of their general applicability prior to being established in policy
initiatives. These are:

#4. Process Design
#7. Software Development Tools (partly——e.g., highly specialized

simulators and post processors)

5.4 Recommendations

The overall objective of the MPP study was to assess the effects
of MPP on a large DoD system software development so that those practices
determined to have a favorable effect could be recommended to and considered
by the Air Force for adoption on future devel opments. In light of this goal

- - and owi ng to the determ i nation of positive impact for all eleven of the STP
MPP , it is reasonable to recommend that all be considered for inclusion in
Air Force software development guidelines , procurement practices , and policy
initiatives. Of these MPP , the four most highly ranked should receive es-
pecially strong consideration in view of the pressing need for improved
methods for defining, expressing and allocating software requirements and
for maintaining their traceability throughout the development process. On

- - the other hand , it is clear that not all software development activities
- ‘- are alike , and few systems compare with the size, complexity and real time

performance requirements of the software being developed by TRW on the Sys-
- 

-
~~ tems Technolo gy Program.

Based in part on the above consideration as well as on the detailed
MPP study findings documented fully in this report, it is recommended that
the Air Force: -

1. Cont inue to emphasize those high impact MPP listed above which
are now covered or will be covered in existing and new Air Force
and DoD policies

2. Emphasize the following additional high impact MPP in future Air
Force policy initiatives:

• Incremental Development

• Uni t Development Folders

• Software Develnpment Tools (especially those with demon-
strated capability and broad applicability )

-• - ~~~~~~~~~~~~
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3. Promote research to formalize and generalize other high in~; ~ct
MPP:

• Process Design

• Software Development Tools (especially requirements
definition and design aids , higher order languages and
diagnostic language processors , and advanced test tools)

4. Support continued investigation necessary for further conf Irma-
tion of the results of this study and comparison with other
results on other projects

5. Develop standardized definitions and measures (e.g., productivity ,
modular i ty, cost) critical to accurate and comparable assessments
of impact of alternative MPP

6. Pursue evaluation of MPP used by othercontractors on other projects
and build upon the impact evaluation /comparison framework using
the tools and data base developed in this study

7. Establish ground rules and a methodology for relating software
qualities to software operations and maintenance costs to sup-
port better assessment of life—cycle MPP impact

8. Initiate research and development of techniques for selecting
an appropriate subset of high impact practices commensurate with
the type, size, complexity, and available resources of planned
software procurements.
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I
APPENDIX A

DEFINITIONS

A .1 MPP Definitions

This section provides 1) brief definitions of the candidate modern
programing practices (MPP) included in the TRW proposal for the study ,

2) brief definitions of the 18 standard programing practices studied in
the Pro grammin g Standards Im pact Evaluation activity, and 3) more detailed
definitions of the final 11 MPP upon which primary study effort was con-

centra ted .

A 1 .1 Candidate MPP

Process Construction A pproach: Use of high level meta—language for rapid

configura tion of pre-coded modules into a real-time program.

Automated Documentation: Text editors , reformat ters , and flowcharters
supporting initial preparation and maintenance of detailed software spec-

ifications .

Unit Development Folder: Incrementa l transformation from desi gn specifi-

cation to product documentation , with the UDF cover sheet as a forma l

mechanism for un it development p l a n n i n g , scheduling and continuous status

account ing.

Programming Standards: Explicit , enforceable standard programming prac-
tices with specific emphasis on those which require the production of

structured code.

Automated Product ion Support: Programm i ng support library and program

maintenance support facilities . Audit trail of program change history .

N2 — Chart: A technique for compact illustration of data flow through a

process to support program design and impementation through exp licit

identif ication of module inputs/outputs and inter-module data dependencies.

D i scre panc y Reporting : A formal , closed loo p procedure to ensure pro per
documentation , analysis , corrective action and closure of all detected
software anomalies including automated functions of discrepancy report

storage , retr i eval , distribution and status accounting. 

~~~~~~~~~~~~~~~~~~~~~ - - --------- -5 
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Test Support Tools: A comprenensive set of support tools which 1) help
with code inspection for compliance with programming standards (Code
Auditor , Product Assurance Evaluator (PACE) STRUCT , Process Construction
Program (PCP)), 2) provide automated assistance in preparation , handling ,
execution and analysis of test cases and test results including automated
retest results comparison and test sufficiency measurement (PACE , Logic
Reduction Analyzer , Automated Test Case Comparator (AICC), Data Reduction
and Report Generation (DRGG)), and 3) permit simulation and detailed
analysis of expected performance characteristics and resource requirements
for candidate design solutions (Data Processing Subsystem Simulator (DPSS)
and Analytical Load Formulation (ALF)).

Computer Program Assembl y List: A management planning technique and auto-
mated tool to ensure early identification and detailed definition of total
software system structure complete with execution time and core storage
allocations and responsible personnel for each program element; use of the
CPAL for periodic status reporting of actuel versus estimated computer
resources and percent complete at the unit level and above.

Independent Test: A formal organization within the project (but separate
from desi gn and development organizations) with the responsibility for
planning and performing an independent test and evaluation of software
for satisfaction of requirements as well as responsibility for direction
of software system integration.

Requirements Traceability : Use of documentation techniques and functional
processing thread diagrams to establish and maintain forward and reverse
traceability from requirements through design to code and from require—
me ~c to validation tests.

Functional Capabilities List: A technique used to provide objective assur—
ance of sufficient scope and depth of unit testing done by original devel-
opers. Identifies fi nctions recognized in detailed review of design
docuiiientation and specifies tests to assure that corresponding capa h ilities
are present in as—built code .

Tiger Teams: Special small teams of highly skilled system engineers and
• designers organized to focus needed early attention on critical al gorithms

and reduce the likelihood of serious problems later in the development

~ 4
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process. Typically concentrate on validation of requirements and pre-

liminary desi gn approach. Des ign and code cand i date algor it hms to support
evalua ti on of performance charac ter i sti cs.

Incremen tal Development: Overall software production approach involving

the definition of progressively more complete increments (i.e., “loops ” )
of system capability . Each loop provides an independently testable in—

crement of the evolving program containing prototype code (stubs) in

place of functions to be fully developed in a subsequent increment.

Builds within loops , carr ies the incremental development approach to more

deta i l an d fur ther  reduces the chance of downstream p ro b lems.

A. l .2 Program i ng Standar ds

Text Format: The requirement to organize and document descriptive infor-

ma tion on software modules (subroutines , routine , tasks , and programs )
in accordance with the prescribed format of MIL-SID 490, Specification

Practices.

• Text Level of Detail: The requirement to provide descriptive information

on software modules to f u l l y and c lear ly  i l l u s t r a t e  their  purpose , func-
tion and interfaces with other modules in accordance with the prescribed

conten t of MIL-STD 490.

Flow Chart Format: The requir c-~ent to develop diagrams depicting the

fun ctional hierarchy and execution flow of all software modules using

the flow chart i ng symbol s prescri bed i n “The Interna tional Organization

for Standardization Draft Recommendation on Flowchart Symbols and Their

Usage in Information Processing (ANSI X-3.5.l970)”.

Flow Chart Level of Deta il: The requirement for 1) program and task level

flow charts to depict overall composition and hierarchical structure down

• to the l owest routir -~ level w i th a s i ng le block for each rout ine  con-
t a in i ng the rout i ne name and a br i ef func tional  descr ip t ion , and 2) routine

level flow cha rts to illustrate in detail the basic function of the routine

including identification of all external files used , operat ing system ser—

vice requests , dec i s i on lo gi c and branches , ca l cu l a t ions , calls to sub—

routines , ~nd entry and exit points.

1— --~~~
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Statement Label Format: All statement labels to be right justif ied in
Columns 2—5 and all labels to appear in ascending order throughout the
extent of the module.

Executable Statement Format: All executable FORTRAN statements to start
in Column 7 except where indentation is required to illustrate code seg-
ments and nested structures.

Routine Size (Modularity ): Each routine to contain a maximum of 100 ex-
ecutable source statements from the time it is initially coded until
turnover for independent testing with the limit subsequently raised to
150 to permit incremental addition of new capability without major soft-
ware breakage.

Calling Sequence Arguments: Arguments in calling statements to subroutines
and function subprograms not to contain arithmetic or logical expressions ,

-

- . 
and routines in the real —time software to have no calling sequence arguments.

Mixed Mode Arithmetic: Mixed mode arithmetic expressions (excluding integer
exponentiation) not allowed on the right side of an equal sign.

DO-LOOP Usage: Do-Loops not to exceed six levels of nesting , and Do-Loop
index parameters to be expressed only as integer constants or variables.

Computed GO-TO Usage: All computed GO TO statements to be immediately pre-
ceded by a validity (range) test of the variable switch parameter. Tes ts
revealing invalid parameter values to initiate error processing. Statement
labels used as branch addresses to appear after (i.e., below) the GO TO
statement in the sequence in which they appear in the GO TO statement
parameter list , with the exception of redundant statement labels in the
parameter list.

Labeled COMMON vs Blank COMMON Usage: Only labeled COMMON blocks to be used ;
use of blank COMMON not permitted .

In.bedded Physical Constants Usag :~ Literal physical constants (e.g., 3.14159
for the value of pi) not to be imbedded in the code.

Preface Commentary Block Requirement: Each module to contain a standardized

• block of comment statements imediately following the module declaration

sta~e~ent. The block to contain: 1) module name and version identifier ,

~ 
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2) functional description , 3) inputs , 4) outputs , 5) key local variables ,
6) usage restrictions, 7) identi f icat ion of modules cal led by this one ,
and 8) description of abnorma l return conditions and act ions .

In-Line Commentary Requirement; Each module to contain sufficient in-line
commentary in the source code to identify the purpose of every statement
which condi ti onal ly alters a data value or which alters the sequential
execution of program statements .

Structured Coding Requirement: Each module to be structured in accordance
with a prescribed, restricted list of segment structures including: 1)
sequence of two operations , 2)cond itional branch and rejoin , 3) loop
construct with condition tested prior to execution of loop body, 4) loop
construct with condition tested after execution of loop body , and 5) loop

construct allowing for premature escape from unnecessary loop repetition .
Permi ts nesting of segment structures to any level and error-condition
transfers from any segment structure to a common point in the module.

Execution of Every Program Branch Requirement: The requirement to cause
a 

the execution of every program branch statement and to force the transfer
of control to each of the possible branch addresses during unit testing
of each module.

Naming Conventions: The requirement to formulate the names of processes ,

programs , tasks, routines , real-time events , and global data files and
parame ters in accordance with establi shed patterns prescribing the use of
alphanumeric characters identifying i tem type and function.

A.l.3 Detailed Definitions of Final 11 MPP

Requirements Analysis and Validation: The formal decomposition and alloca-

~,on of system requirements into structured software requirements and use
of automated techniques to analyze and validate the requirements. Software
requirements engineering is the discipline for developing a complete , cons i s-
tent , unambiguous speci fication wh i ch can serve as a requirements baselin e
for common agreement among all parties concerned , and describing “what”

the software product w ill do. Requirements analysis and validation is the

• practice through which a given software requirements specification can be

analyzed to check for completeness and consistency and validate its content

r 
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prior to design and coding . It is a general concensus that it is extremely
cost effective to analyze thor uughl y the given requirements and detect
erro rs early in the software development cycle. The lcick of a good re-
requirements specification makes a top down design impossible and testing
meaningless, obscures management monitoring capability and prevents good
communication between user and developer.

The fi rst step in the software deve’ ‘ment process is the definition of
data processing , and subsequently software , functional and perfo rmance
requirements which represent the primary input to the subsequent pro cess
design activity . Requirements from the system specification which the
Data Processing subsystem must perform in any operational situation are
allocated to hardware and software . They are iterated with the system
level requirements to assure completeness and traceability .

Once all the Data Processing subsystem related requirements have
been identified , the generation of the requirements specification is the
next order of business. Special attention must be given during this acti-
vity as to what makes a good requirement and specification. For real-
time systems , the Data Processing subsystem functional requirements are
best expressed in terms of:

1) Input
2) Processing Requirements
3) Output

That is for each external stimulus , the subsystem must perforr cer-

tain processing functions in order to produce the desired output . Require-

ments expressed in such a manner aid in assignment of performance require-
ments , establish a one-to-one correspondence between requirements and

interface specificat ions , facilitat e the verification of requirements and
preliminary design , and fac i l i ta te  testing.

Equally important are the properties a speci f icat i on should have .
The attributes which are most important are cnmpleteness , consistency ,

t raceabi l i ty , and testabil i ty . By carefu l definit ion of Data Processing
subsystem requirements adhering to the general attributes described above ,

the resultant requiremc~nts specification w i ll enhance software design

solution .

- - 
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Interface definition parallels the Data Processing Subsystem require-
ments generation. Since the processing requirements are organized by
stimuli , it is absolutely essential that for each external interface a
complete message catalog be established. Furthermore , compatibility bet-
ween interface and functional requirements must be assured ; that is , the
one-to-one correspondence discussed above.

Once the Data Processing Subsystem functional requirements have been
identified and documented in a traceable fashion , they must be analyzed
and verified for their adherence to the critical attributes. The require-
ments analysis group utilizes a formalized method of describing require-
ments in terms of paths. The requirements are functionally grouped and
then decomposed in flow chart forms which illustrate the interaction
between them. These flow charts , called Requirements Networks or R—NETS ,
consist of:

I) A set of nodes representing processing steps called alphas.
2) A set of nodes identify ing processing conditions , called “OR—

nodes ’ .
3) A set of nodes identify ing “don ’t care ” sequences of alphas ,

which could be performed in any sequence or even in parallel

(“AND-nodes ”).
4) A set of interface nodes where external messages are received

or transmitted .
5) A set of initial and terminal nodes.
6) A set of arcs joining the nodes to form a network.
7) A set of events and conditions for R—NET enablements.
8) A set of validation points used to uniquely identify transitions.

Each alpha is associated with two subsets of data identifiers which
represent data input to and output from the processing step. Thes2,
together with the definition of the interface data and the ident ification

of the choice variables , form the basis for consistency checking of the

paths. On the other hand , if an R—NET processes data from an interface ,

the net shows all possible processing paths emanating from the interface.

T hus , the processing of each message for each possible condition is

identified .

- -
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This provides a significant aid in verifying completeness of require —
ments.

Performance requirements are assi gned to validation points pro-
viding a connection between these and processing requirements. Each
validation point is associated with a set of data identifiers. If per-
formance requirements are expressed in terms of these identifiers , then
the requirements will be testable.

A collection of R—NETS define a set of Data Processing functional
requirements which can be checked for completeness , consistency and
testab lility.

A functional simulator is utilized to further analyze and validate
the requirements. Simulators model the functional characteristics of the
candidate Data Processing Subsystem and the way its resources are utilized.
Si gnificant stimuli , hardware characteristics as wel l as critical pro-
cessing paths from the R—NET are modeled.

Via functional simulation , the requirements analysis team can
demonstrate that the given Data Processing subsystem requirements are
implementab le on the selected hardware configuration. In the event
incompatibility exists , system/subsystem trade-off studies are conducted
until a viable baseline is established. An important by—product of the
use of the functional simulation is that it provides another method by
which the viability and compatibility of the Data Processing Subsystem
requirements are demonstrated.

- - Once a viable hardware configuration has been established , the
requirements are al located to hardware and software. It is important that
a complete traceability be maintained from the system to the hardware
and software specifications. Interface specifications are also established
at this point of the preliminary design phase. From the message catalog
defined earlier , interface specifications are generated which define
functional requirements and quality assurance provisions for each Data
Processing Subsystem interface. They specify communications in terms of
external messages , forma t, rate and the data transfer protocol applicable
to the interface.

S
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Process Design: The structuring of functional requirements and operational
logic into distinct software functions prior to allocation to software
units , and the performance of special tasks at the overall software system
l evel such as the estimation of timing, accuracy and storage requirements ,
the evaluation of processing limitations , and the analysis of system be-
havior and computational loading characteristics. Desi gn is performed at
the process level where the objective is to ascertain that the entire
process fits together and can perform the required tasks within the given
time limits and accuracy requirements , that all interfaces are properly
specified , and that the data base is correctly defined. Subpractices
within process design include the allocation of software requirements to
software units , the specification of all data exchanges via N2 charts , a
functional simulation to analyze timing and loading behavior , a preliminary
sizing of all data processing resources , an identification of critical
issues and process limitations , a specification of the execution sequence
for all logic threads.

Process design is the activity that establishes a candidate pre-
liminary design baseline. The three major inputs to this design activity
are the baselined and validated Data Processing Subsystem functional and
interface requirements and the candidate Data Processing hardware char-
acteristics.

The first step in top—down process design activity is the “mapping ”
of functional and interface requirements to operating system and applica —
tion program. These requirements are then further allocated downward into
software architectura l elements. The purpose of this mapping is to define
the required operating system support services and to subdivide the
application program into a number of independently schedulable modules
which perform specific major processing functions.

Along with the definition of the software architectural elements ,
the definition of the process structure which will best meet given per-
formance requirements is required. This activity defines how the process
(which consists of the operating system and appl ication programs ) will

‘• perform as a result of external/internal stimuli. Software analysis de-.
— termines intermodule communications , scheduling/dispatching criteria ,

a-
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priority servicing, l oad handling, error processing and recovery . The
impact of external intermodu le communications upon the data base structure
is folded into the data base design activity .

Once the modules of a program have been defined , function al and inter-

face requirements are further allocated downward to the lowest , meaningful
entities of the software structure ; that is , to routines.

Two important guidelines are followed in this series of downwa rd

allocation of requirements. Firstly, complete traceability of requirements
must be mainta i ned to the routine level . A traceability matrix must be
maintained to the routine level . That is , a traceability matrix must be
generated which identifies the allocation of each software and interface
requirements paragraph (subparagraph) to software modules and routines. The
second important guideline is that performance bud gets of storage , accuracy
and timing must also be allocated down to the module and routine l evel . These
budgets are derived from software performance specification , hardware con—
straits and software analysis. Their judic ious allocation to software
architectura l elements can assure that software performance requirements
are controllable wi thin the given hardware limitations.

An important activity which supports the generation of realistic
routine budget estimates is the key al gorithm desi gn. This design activity
is conducted to solve critical areas before detailed design and production
coding begins. Candidate critical areas are identified with as much detail
as possible during process design. Prototype software is developed to rind
appropriate techniques for solutions.

The data base design is also accomplished as part of the top—down
process design activity . The top— level , functional data base is defined
using N2—chart. For a process designer , this chart provides a top—level
base from which data fl ow and design modularity for the entire Data Pro-
cessing Subsystem can be assessed . Utilizing the N2—chart , the global
data base is defined by the process designers in terms of data files. The
preliminary data base desi gn activity establishes the general category of
the data base parameters for each file with preliminary definition of the
data base constants and variables , formats , units , etc . Size of data files
are estima ted and fed back to the budget allocation process for modules

and routines.

P.
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‘ 
In summary , the proccss design allocates Data Processing Subsystem

requirements and interface requirements in a traceable manner to hardware
and various programs that comprise the entire softwa re. Furthermore , the
software architecture is defined and requirements and performance budgets
allocated to the module/ routine level. The process interaction and control
have been established and data base structure desi gned . Consequently, a
candidate development baseline has been established .

Incremental Development: The identification , design , coding and testing
of functionall y meaningful subsets (i.e., increments) of the overall soft-
ware system wherein each increment 1) provides a self sufficient , execu-
table and testable portion of the complete software capability and 2) adds
to and builds upon the preceding increment. Incremental development is an

overall software production approach involving the definition and implemen-
tation of progressively more complete increments (or “loops ”) of system
capability. Each increment is self sufficient aud provides an independently
testa~le increment of the evolving program containing real deliverable code
as well as dumy code for those functions that are to be fully developed
in subsequent increments. The final increment includes all the deliverable
code as. a minimum. Builds wi thin each increment carry the incremental
development approach to more detail and further reduce the chance of down-
stream problems. Incremental development reduces risk by developing critical
software first , evaluating system performance grac4 ua ll y and al lowing an
early start to test and integration activities.

Continuation of top down design concepts in conjunction with an
incremental implementation approach is accomplished through identification
and development of a dummy process to begin with , followed by successive
updates replacing dummy software modules with actual code. This incremental
approach is supported by earlier development of the overall software struc-
ture during preliminary desi gn. Within that structure it is possible to
identify selected portions of the software (e.g., processing threads in-
volving critical functions) which can be developed and tested as independent

increments. With care , these increments (or loops) can be chosen to provide
a complete increment of system capability within which hi gh visibility

testing of critical functions can be achieved with relative ease. Each

completed increment thus represents not only 1) a meaningful version of

a-
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the evolving system containing more capability than the previous increment
but a ’

~ o 2) a testbed (including the process structure and test information)
with which interface/integration testing of subsequently completed modules
can be done.

Complete Preliminary Design: The definition , documentation and base lin ing
of a complete preliminary desi gn prior to detailed desi gn and coding, and
including, as a minimum , the top— level software structure , data base def-
inition , interface characteristics , scheduling criteria , and analysis of
critical al gorithms. The preliminary desi gn specification contains all the
conceptual design information needed to support the detailed definition of
the individual software system components and , upon completion of the
Preliminary Design Review , becomes the work statement and design baseline
for development of the detailed design specification used in coding. The
preliminary design spec i fi cation has a previously agreed upon standard
format , identifies the mapping from requirements to software design ,
identifies the organizations responsible for the software to be developed ,
defines the software structure , specifies required processing resources ,
specifies the data base organization and makes uses of the results fur-
nished by the process design to specify the estimated resource budgets.

During the process desi gn a candidate preliminary desi gn baseline
is established. A si gnificant step in modern programming practice is the
demonstration that the preliminary desi on baseline is viable. The software
preliminary design b~seli ne is ~onside red complete when the following
conditions are met:

1) AM applicable syster level requirements have been allocated to
the software structure .

2) Interface control has been defined and implemented via interface
specifications.

3) Allocation of stated software and interface requirements into
basic software structural elements has been completed .

4) Storage , execution timing and accuracy budgets have been
established for each software module/routine.

5) The data base has been defined in sufficient detail to demonstrate

software operability.
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6) Satisfactory design approach for the entire software process

and its elements has been demonstrated.

7) Software performance requirements can be met under required
operational loading conditions.

Pr i mary me tho ds of demonstra ti ng the a bove po i nts , that  i s the
com p leteness of pr e l imina r y desi gn , are the use of func ti onal s imula t i on ,
thread analysis and preliminary des ig n rev iew.

The func tional simulator model s the characteristics of the Data
Processing hardware , external stimuli , operat i ng system and each module
of the application program. Each module is modeled by its service requests
(data and operational) to the operating system, its lo gical struc ture ,
t he execut ion time for each segment in the lo g ic structure and data base
interaction (both external and internal ). Performance budgets established

during process desi gn are utilized in the simulator. This detailed level

of modelin g allows an evaluation and insight into the software preliminary

design and its complex interaction. The simulator is used by the process

desi gners to examine the sensitivities of computer capacity , timing
responsiveness , loading conditions and port-to-port timing. Process desi gn
issues such as proper allocation of requirements to software modules ,
data base interaction efficiency , and recording capacity can be studied .
Expected operational conditions are simulated to verify that the software
can meet i ts performance re qu i rements.

Prel iminary desi gn validation via the use of func tional simulation
— is an extremely important method during the preliminary desi gn rev i ew

process for real— time software. This review provides to the software

designers and the desi gn reviewers confidence that tne preliminary design
baseline meets the software and interface requirements , that compatibility

exists between hardware/software , that the desi gn is a workable solution
and that it meets its performance requirements under required operational

cond itions.

Thread analysis is another method of demonstrating the completeness

of the pre l iminary  desi gn. This analysis identifies each unique input to

the DP Subsystem and , for each , a threa d i s generated identify ing the

applicable software module involved in processing this input. The unique

S
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software requirements which are involved in such processing, the data
base interaction (at the file level ) associated with the given input

F processing and the output produced are identified on these threads. Port-
to—port timing requirements are also identified and are verified by the
use of the functional simulator.

Thread analysis is employed by the process designers to provide
additional assurance that:

1) Each unique input is properly processed and the required output
is produced .

2) The requirements are complete .

3) All requirements have properly been allocated to software modules.

4) Inter—module interactions and data base definition are complete .

At the completion of the preliminary desi gn phase a Preliminary
Design Review is conducted . This review provides the media by which the
soundness and completeness of the preliminary design can be demonstrated .
Simulator results , thread analysis and other material are presented to
t~iis effect. A successful Preliminary Design Review becomes the foundation
from which software detailed design and code production can emanate.

Unit Development Folders: The generation , maintenance and review of a
document that is an integral element of a “document as you go policy ” and

that 1) serves as a collection point for all pertinent development and
test information (requirements , design data , code , flow diagrams , test
plans , test results , etc.) for each identified software unit , and 2)
requires comp letion of a cover sheet spec i fying a detailed development
plan (i.e., programmer estimates of completion dates for intermediate
milestones) and providing a means for indicating actual completion dates
and review events to dep ict the status of each software unit.

A Unit Development Folder (UDF) is prepared and maintained for each
software unit in order to provide an organized accessible collection of

all requirements , desi gn data , code and test data pertaining to that unit ,
as these data are produced , and to collect unit -level schedules and status
information . The folders are established within one week after the completio n
of PDR and are maintained until the final as—built software documentation

is delivered .
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Each UDF contains a cover sheet identifying the contents and schedule of

each section of the folder. It is signed off by the originator upon
completion of each section. The sections of the UDF are briefly described
below:

• Section 0 (Cover Sheet and Schedule) contains a cover sheet

del i neating scheduled due dates , ac tual com p le tion da tes ,
assigned originators and reviewer sign—offs and dates plus a

chan ge lo g recor di ng the UDF rev i s i on h i stor y .

• Section 1 (Requirements) identifies the basel i ne requirements

spec if i ca t ion , enumerates the requirements  which  are a l loca te d

for im p l emen tat i on i n the software un it , an d shows the ma pp in g

(by paragraph number) to the requirements specification.

• Section 2 (Design Description) contains the current , work i ng
vers i on of the desi gn inclu di ng, at the app ro priate t imes , the

- 
. 

pre l iminar y des i gn and success i vel y more detailed des ig n data
and flow charts suitable as a “code to ” spec i f ica t ion .

• Section 3 (Functional Capabilities List) contains a list of the
- 

- testable functions performed by the unit obtained from an

i ndependent review of the detailed design by someone other than

the unit designer.

• Section 4 (Unit Code) contains current source code listings for

the unit and a change log of post-baseline updates to the unit

• code.

• Section 5 (Uni t Test Plan) describes the overall testing approach

an d each test case , iden t i f i e s  test tools or dr i vers used for
unit testing, and illustrates the FCL/Test Case Matrix relating

test cases to capabilities tested.

• Section 6 (Unit Test Plan Review) documents the findings from

an inde pendent review of the Plan to provide assurance that

unit test cases will adequately test branch conditions , logic
paths , i n put and out pu ts, an d error ha ndl i n g p rocedures.

— ~~~~~~ 
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• Section 7 (Test Case Results) contains a compilation of test

case resul ts  and ana lyses necessary to demonstr ate that the un it

has successfull y passed the tests prescribed by the Unit Test Plan .

• Section 8 (Problem Reports ) contains status logs and copies of
a l l  Design Pro b lem Repor ts , Design Analys is Reports ~nd Dis crep-
ancy Reports which document design and code changes pertaining
to the unit.

• Section 9 (Notes) contains relevant memoranda , i nformal  re ports
and other notes which provide supplementary detail expanding on

other UDF contents .

Each UDF is reviewed by the assigned reviewer , other than the
or igi nato r , following completion of each UDF section . At comp le t ion of un i t
testing, the mana ger responsible for the unit reviews the entire UDF for

technical adequacy and completeness and signs and dates the cover sheet
• to ind icate approval . In addition , periodic audits of UDFs are conducted to

ensure compliance with project standards.

En forced Programming Standards: The establishment and enforcement of strict

rules to direct the efforts of developers in the production of code and

documentation which meets or surpasses adopted standards invo lving the
l) definition of certain programmi ng practices wh i ch must be followed ,

2) i dentification of other practices which are not permi tted , and 3)

establishment of an active review/inspection procedure to ensure compliance
— with the rules and achievement of the standards.

The term , “Programmi ng Standards ” , generally refers to both 1)

approved procedures to be used in the production of code and associated

documentation and 2 ) minimum acceptable standards against which the comp le ted

p roduc ts are measured .* Al l such standards are , to the extent possible ,
spec i f ied early i n the project and documented in a Software Standards an d

Procedure Manual. One of the primary objectives of the standards is to

* Section A.l.2 provides brief descriptions of 18 programming standards

established for the Systems Technology Program software development.

~
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guarantee  a hi gh deg ree of un i form i ty acros s a l l  i n di v id ual software
system components which a ~ to be integrated an d must in terface properly
for the com ple te system I.o work . This uniform i ty i s es pec i al l y advantageous
when someone other than the ori ginal developer is required to understand

the pur pose , func ti on , i ntr i cac i es an d l imi ta t i ons  of a sof tware com ponen t

during integration , test and maintenance activities.

Establ i shmen t of standard p ro g ramm i n g pract i ces , howeve r, is only
the beg inning. If the standards are to have the desired effect , they mus t
be fol l owed ; if they are to be consistently followe d , they u s u a l l y  must  be
enforced . Enforcemen t o~~strict adherance to project standards is accom-

plished through a combination of informa l and forma l reviews of code and
documentat ion. Performance of code reviews for compliance with standard s

is aided substantially by source code scanners including the Process

Construct ion Program , Code Aud i tor , and STRUCT. **

Independent Testing : The performance of forma l testing by a teari i testing

specialists which is organizationally separate from the group or groups

res pons ib le for software des i gn , code, debug, and development testing. It

involves anal ysis of software requirements , planning, preparation , and
performance of tests , rev i ew of test resul ts for sa ti sfac tion of requ i re-
ments , discrepancy reporting, and retestin g after discrepancies are re-

solved and fixes are made. It a~so inclu des support to the developers

through rev iew of design documentation and designation of distinct func-

tional capabilities to be exercised during development testing.

The inde pendent test group determines whether or not the software

works (not how it works), evaluates requirements and desi gn to assure they
are testable , prepares comprehensive test plans , su pports qual i ty assurance ,

and plans the development of test tools. The independence of the test

grou p from the desi gn grou p i s des i ra ble i n or der to introduce an unbiased
and different point of view in the attempt to assess the capability of the

develo ped software.

** These tool s are descr ib ed below i n Software Develo pment Tools .

a-
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The forma l testing activity is briefly characterized as follows:

• The primary objective is to verify that the software satisfies

the requirements levied upon it.

• The testing is planned and directed and , in general , com p le tel y
performed by the independen t test group.

• Software must meet specified standards prior to turnover to the

test group (e.g., the requ i remen t to exerc i se every branc h

condi tion in a module durin g unit level testing).

• Software is placed under formal configuration control prior to

i ni tia t i on of formal tes ti ng and su bsequen t chan ges are su bject
to esta b l i shed  change con trol po l i c i es an d p rocedures.

• Forma l testing is audited by the independent quality assurance

group for sufficiency and compliance with test plans , procedures
and specifications.

• Errors are documented in discrepancy reports, def ic ienc ies  are
anal yzed and correc ted by desi gners , and qu a l i t y assurance au dit s
are per forme d to ensure timel y and sat isfactory problem resolu-
t ion.

• Tes t tools are ex tens i vely use d to sup p l ement the tes tor ’ s effor ts
by comp le tely handli ng otherw i se ted ious , error— prone and diffi-

cul t tasks.

Software Confi guration Management: The establishment and practice of for-

mal software management principles to set policies and procedures for the
- 

- rev iew and acceptance of contractual and internal baselines , and including

1) configuration identification and documentation , 2) con figuration control

to mon itor changes to the establishe -i basel i ne specification , and 3) con-
- 

- figuration status accounting to report discrepancies and record software

implementation status.

Confi gura t ion mana gement esta b l ishes a ser i es of basel i nes and
methods of controlling changes to these baselines throughout the develop-

ment and test phases. A confi gura ti on mana gement p lan , addressing the re-

quirements of this practice , is prepared by the projec t and approved by

the project manager prior to the first software design review. This plan

speci fies :

_ _, 7 :- 1...
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• the baseline structure to be used by the project (requirements ,

design , test , product)

• the baseline definitions (products , even ts)

• the con fi gu rat i on id ent ifi ca ti on grou nd ru les  i n c l u d i ng the
types of products to be controlled and the rules for identifying

these p roduc ts

• the confi gurat ion control mechanisms includir ,g the definition

of change and approved processes for controlled products and

the h a n d l i n g  of wa i ve rs a nd dev i at i ons

• the confi gurat ion status acco Jnting system , i nclud i ng the records
and reports required to assure traceability of changes to con-

trolled products and to provide a basis for communication of

confi guration i nformat i on w i th i n the projec t

• the conf iguration verification approach including periodic audits

to assure that products are developed a nd ma i nta i ned accordi ng
to th e groundr u les  def i ned i n the p l a n .

The configurat i on managemen t ac tiv ity :

• establ ishes and operates a product d~velo pment library in which

t he co nt r o l l e d  p roducts  are ma i nta i ned

• establishes and maintains a regular problem/discrepancy reporting

system

• mon itors the issuance , retention , change control , packag i ng  and
delivery of the comput i - r pr oduc ts for conformance  to cu rrent
b a sel in es .

Ba se l inin g of Requirements Specifications: The review , cus tome r acce p tance
and documentation of the ~oftware requirements specification to be used as

a ft r- -.l , approved baseline for software development.

T he basel in i ng of requ ir eme nt s occurs after tn e pre para t ion of a
software requirements specification and prior to the first software desi gn
review. It is intended to achieve a mutual understanding and written agree—

“ent  as ft proper interpretation of mandatory provisions of the require—

men ft specifications which are the basis for software end—item acceptance

:)r~or to delivery .
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Prior to baselining the software and interface requirements , it is
necessary to demonstrate that:

• The Data Processing Subsystem (DPS) is compatible wi th the overall
system definit ion .

• All applicable system level requirements have been allocated , i n

a traceable manner , to the DPS and subsequently to hardware and
software .

• Software requirements are comp le te , consistent and testable.

• Consistent interface control has been established.

• The DPS requirements can be implemented on the selected hardware
configuration.

In preparing for and conducting the review act iv i t ies that precede base —
lining of the specification , the requirements are analyzed and evaluated
for technical and contractual acceptability and any identified problems
are documented . All issues and problems are discussed and resolved and all

a agreements and action items resulting from the review are documented prior
- 

- 
to baselining of the requirements specif ication.

Formal Inspection of Documentation and Code: A formal , efficient and econom-
ical method for conducting independent and unbiased review and assessment
of the quality of software documentation and code. Includes formal inspectio n
techniques such as peer group critiques and wa lkthroughs , quality assurance
reviews and audits , and design reviews .

Formal inspection of documentation and code faci l i tates the early
detection of desi gn errors. A design walkthrou gh , for example , is accom-
plished by having the software unit design reviewed by one or more individ-
uals other than the originator. The scope , techni que and degree of formality
of the walkthrough is established by the project manager prior to PDR . The
review includes , as a minimum , checks for respons iveness of design to
requirements , design completeness and consistency, flow of data throug h

V input /output interfaces , error recovery procedures , modularity, simplicity
and testabi l i ty . The technique used for walkthroughs consists of either a

~~~~~~~~~~~~~ 
~~
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presentation of the design and the code by the originator in the presence
of the reviewers , or a review of the documentation followed by a discussion
of review comments involving all partici pants. Problems detected during the
wa l kthrough are identified in a written summary and made available to the
managers responsible for the software .

Independent quality assurance audits are conducted at key intervals
during the development and evaluation of software through requirements
definition , design , coding, testing and operation . These quality assurance
audits are:

• System Requirements Audit; To determine whether planned testing
will ensure satisfaction of requirements and to make sure that
requirements are traceable to the next higher—level specification.

• Product Specif ication Audit ; To determine whether product
specificat ions conform to established standards of format ,
content , completeness , and level of detail .

3 • Interface Verification Audit; To examine interface requirements ,
interface design and program specifications to identify and re-
solve interface problems.

• Product Specification (Engineering Design Document) Audit; To
examine detailed design specificat ions and the data base defini-
tion to ensure that all routine input/output is properly defined ,
the design data is current , the structure of flow diagrams con-
forms with project standards , and explicit traceability exists
to higher — level specifications.

• Un it T~evelopment Folder (UDF) and Code Aud i t ;  To incrementally
1) audit UDFs as they are prepared in verif ying that changes to
unit requirements , functional design description and flowchart
and interface definitions are current , 2) manually (plus with the
automated Code Auditor) scan the unit source code for compliance
with programing standards, and 3) measure thoroughness of unit
level testing and identif y, if necessary, additional testing
requirements.
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• Pre—Turnover Audit; To assess the adequacy of development testing
of products prior to their internal delivery to the independent
test group through examination of the products and test results
for 1) actual versus expected output , 2) completeness , content ,
organization and approval status of UDFs , 3) compliance with
progranining standards , 4) testing thoroughr -~ss (e.g., execution
of every branch condition), and 5) assurance that all reported
discrepancies have been corrected and tested .

• Testing Audit; To supplement formal testing done by the independent
test group to ensure 1) established confi guration management pro-
cedures are followed , 2) test specifications are maintained cur-
rent , 3) test reports are properly prepared , 4) test procedures

explicitly define tests to be conducted and test results compl y

with acceptance criteria in the test procedure , and 5) test data
package contents are complete and comply with approved formats.

Software Development Tools: The planned provision and usage of general pur-
pose and specially developed support programs at various points during the
software development to assist requirements analysis , software design , code
generation , debug and checkout , formal software testing , and documentation
in a partially or full y automated fashion. This is a general practice
involving the use of automated tools for differing purposes and at various
stages throughout the software development process. Prominent examples of
software development and test tools are :

• Data base building tools; To build and maintain data definition
— libraries and data value libr aries , check data definitions , and

supply complete data specifications to all using software modules.

• System construction tools; To permit use of a hi gh— level , special
- I purpose language in describing the desired system organization

and subsequent use of a tool to automatically merge system ele—
ments into a unified whole. Also to provide an illustration of
system structure , module hierarchy and cross—references. (The
STP Process Construction Language and Program (PCL and PCP) are
system construction tools.)

1
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• Code—checking tools; To automatically check every line of code
in the system to 1) identif y and report on instances in which
project programming standards have not been followed , 2) identify
potential singularities such as division by zero, 3) verify units
consistency for each usage of each parameter , and 4) identify
parameters that are used before set , set but not used , etc. (For
example , PCP counts the executable source statements in a module
to check for compliance with the routine size modularity pro-
gramming standard , STRUCT analyzes the detailed logic structure
of a module to check for compliance with the structured coding
standard , and Code Auditor automatically checks every line of
code for compliance with most of the other detailed STP pro-
gramming standards.)

• Test Tools; To aid generation , accumulation and evaluation of
testing information and , specifically, to 1) support identifica —

3 tion of problems early in the development cycle , 2) identify
required test data that relates requirements to software cap-
abilities and ensures thorough testing, 3) select test cases to
be used in retesting changed software , 4) check actual test re-
sults against previously obtained or expected results , and 5)
drive and/or monitor software test execution and measure testing
thoroughness. (For examp le , the Code Auditor and Units Consistency
Analyzer (UNIC) “test” code for standards compliance and parameter
usage consistency; the Product Assur ance Confidence Evaluator
(PACE) analyzes code , identifies overall logical structure ,
inserts “test hooks ” into the code , and subsequently monitors
test execution and reports on the extent to which the software
structura l components are exercised; the Data Reduction and
Report Generator (DRRG) provides essential support in analysi s
of voluminous , detailed data logged by the real-time process for
subsequent post processing and test results evaluation).

~~~~~~ ______ 
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A.2 Definitions and Terminology

This section contains 1) definitions of the thirty characteristics
(i.e., qualities of software and the software development process) used ir:
the Programming Standards Impact Evaluation survey, 2) descriptions of the
twelve “typical problems plaguing software development” used in the MPP
Impact Evaluation survey , and 3) brief definitions of other MPP study
terminology.

A .2.l Software Characteristics

The following definitions of the thirty software characteristics
used in the Programming Standards Impact Evaluation survey reflect common
u sage of t h i s  terminology in the surveyed environment.

Requirements Traceabi l i ty :  The ability to demonstrate the allocation ,
implementation and test verification of the individual requirements from
the requirements specification to the design specification and to the
specification of test requirements.

Code Audit a~,bi lity : The ability to audit code for compliance with design
specifications and any pre—des i gnated coding standards.

Documentation Auditabi lity : The ability to audit documentation for com-
pliance with a pre—designated set of documentation formats , standards and
requirements.

Personnel Motivation: The interest and enthusiasm of personnel to accomplish
the required work in a timely and effective manner with due regard for its
quality and for management directions and requirements.

Interface Consistency : The operational compatibility of software modules
with each other and with the external software/hardware system.

Software Integration: The process of combining and testing individual
software units into larger entitie s for the purposes of demonstrating
interface compatibility and testing for satisfaction of higher level
requ irements.

Documentation Rework: The revision of documentation to reflect updates or
to correct errors.

___________________________________
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Coding Rework: The revision of code to reflect updates or to correct errors.

Retest ing : The execution of previously run successful tests to assure
consistency and non-degradation , or to assess the impact of changes made
to the produc t.

Customer /Contractor Relationship : The state of the env i r onment that ex i sts
between the cus tomer an d the contractor.

Test in ~ Thorou ghness: A measure of the thorou ghness of testi ng based on
some es tabl i shed cr i ter ia , e. g ., percen tage of code execute d ; percenta ge
of requirements tested ; percentage of capabilities demonstrated , etc.

Documentat ion Understandability /Readability : The relative ease with wh ich

a program document may be read and understood by someone who has a general

f a m i l i a r i ty wi th  the su bject.

Code Understan dability/Readability : The relative ease with which program

code may be read and understood by someone who understands the language

and has a general familiarity with the subject.

Documentati ’n Maintainability /Useabi lity : The relative ease with which a
program document may be updated and used in tracking changes to the program

code. This is a function of both the use of documentation tools and the

forma t and standards used in the documentation.

- - 
Code Ma intainabi lity/Useabi lity : The rela tive ease with which program code

may be updated and used in the development process. This is a function of

both the design and programming standards imposed .

Testabil ity : The degree to which code may be tested and test results evalu—

ated under conditions approximating its destined operational environment

and the degree to which satisfaction of requirements may be verif ied .

Operational Reliability : The pro bab i l i ty that  the software w i l l  sat i sf y
the stated operational requir~ nents for a specif ied time interval or a

u n i t  a pp licat ion in the operational environment .

Cost: A measure of the amount of resources used to accomplish a particular

task.

Schedule: A plan for the amount of elapsed time needed to accomp l i sh a
par t i cu la r  task .

S
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Cons istency : T he deg ree to which separate components of a system a bi de by
the same stand a rds and proce dures and are un i form w i t h res pect to format ,
conten t an d i n ter faces .

Comp le teness: The degree to wh ich the des ig n an d documentation def ine and
descr ibe a l l  of the essential elemen ts of a system .

Documentability : The ease with which readc~ le and correct documen tat i on
can be produce d .

Codability : The ease with which a design solution can be coded .

Documentation Error Frequency : The number of errors per u n i t  measure of
documentation.

Codin g Error Frequency : The num ber of errors per unit measure of code.

Portability : The relat ive independence of a software product from the

computer system on which it is designed to operate.

Execu tion Time: The amount of computer time actually used in executing a

particular set of functions.

Core Requirements: The amount of immediate access memory required to contain

the code and data for a particular set of functions.

Logical Organization: The clear and progressive delineation of flow and

funct i on i n des i gn and code.

Programmer Productivity : The amount of time and resources needed to produce ,

test and document a given unit of code.

A.2.2 Typical Software Development Problems

Cost Overrun: Exceed i n g the contractual  pr ice for accom p l i sh in g a stated
amoun t of work or exceeding one ’ s allocate d budget.

Develo pment Status Invisibility : The inability to gauge the amount of work
p 

performed for the amount of resources expended or the progress being made

rela tive to the schedule.

Unrel iability : The i n a b i l i t y o t he software to perform i n accor dance wi th
its functional requirements or its unavailability for use.
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Unmain tainability : The relative diffic ulty of debugging and correcting

softw are errors or of mak i n g m i nor mod if ic at i ons or a ddi ng new ca pa b i l i t ies
to a delivered product .

I nade quate Sa ti sfact i on of Real Re qu i remen ts: The i nab i l ity of the software
to per form i n an operat io n al  env i ronm ent i n accordance w i th how i t was
envis ioned based on the stated requirement s.

Inef f i c i en t Use of Resources: The un due ex pendi ture and waste of man power
or computer resources i n ac comp lishing a given task.

Schedule Overrun: Exceeding the contractual time for accomplishing a stated

amount of work or excee di ng one ’s allocated time budget.

Ina dequate Planning and Control: The lack of visibility and control over

bud gets , schedules , staffing or resource allocation and performance.

Project Mismanagement: Failure of project management to allocate and control

resources necessary to achieve the desired results within the negotiated

bud get and schedule .

Lack of Programming Discipline: The non—existe nce or non—adherence to a

software development methodology containing standards for software design ,
coding, documentat i on , tes t in g, confi gura t ion  mana gement and qual i ty
assurance.

Lack of Conclusive Test ing : The non— ex~stence or non—a dherence to a

documented test plan and procedure s which adequately define the test
env i ronment , objectives and acceptance criteria or adequately trace test

cases and results to requirements and capabilities .

Poor Documentat i on: The ina dequacy of the d ocumentat ion to descr ibe the
des ign , conten ts and use of the software at the level required for maintenance

an d operational application.

A .2.3 Other Terminology Use d

Discrepancy : Any of a defined set of problems or conditions which require
V 

the generation of a problem report and resultant action independent of its

severity.
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Execu table Instruction (Statement): A computer instruction or statement

which requires action by the central processing unit (CPU).

Failure: T he resul t of encounter i ng an error of the type tha t causes a
computer program to abort , ha l t  or perform i na dequate ly .

Line of Code: An individual line of a code listing including executable

statements , commentary and other non—executable statements or directives.

Module :  A collec ti on of one or more software ent i t ies  wh i ch perform a
d i scre te , de fi na b le funct i on.

Practice: A preferred or advisable approach or method which is acknowledged

to be genera l l y bene fi c i al or use ful in achiev i ng a des i red resu l t .

Process: A collection of one or more application programs and their data

bases and the operating system configured for a particular haroware con-

f ig ura t ion an d operat i onal objec ti ve.

Routine (Subroutine) : A set of instructions and/or statements that exist
as an i den tifi able ent i ty and carr y out some well def i ned opera ti on or set
of operations. A routine may call or is callable by other routines.

Standard: An unam big uous , ex p l i c i t  descr ipt ion of a desire d pro perty of a
product or a mandatory practice to be followed .

Subsystem: An assemblage of components which operate as part of a total

system and which is collectively capable of performing a specific function

w i t h i n , and as defined by, that system .

Task : The basic unit of software capability dispatched by the operating

system , cons i s t in g of a task control rout ine  and the required number of
l ower level rout ines.

Unit of Code: A manageable element of software architecture containing
certa i n characte ri st ics and encompas se d by a Un it Develo pment Fol der.
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r APP ENDIX B

STP CHRONOLO GY AND ENVIRONMENT DATA

B.1 Vendor Suppl i ed Support Software

Table B-I lists major components of the development support software
provided by CDC to support Systems Technology Program software development.
Each component is identified by name and briefly described .

B.2 SIP Develo pment Chronolo gy

Tables B-Il through B-IV present lists of significant milestone events

in the development of major SIP software system components:

• Tactical Applications Program (TAP) Table B-I!

• Tactical Operating System (TOS) Table B— Ill
(includin g the early, non—real time ,

functional TOS (FTOS))

• Test Support Software (TSS) Table B—IV

-: - B.3 MPP Chronolo gy

Table B-V identifies distinct practices that have been part of the
overall SIP software develo pment methodology during the period from March ,

1972 to the present. Most were conceptually defined as elements of the

methodolog y at the contrac t outset , but many were either not:
• sufficiently refined for broad application ,

- V

- • formal ly  esta b l i shed ,
V 

• ade qua tel y su pported wi th  ava i l ab le  tools , or

• appropriate for the current project phase

unt i l la ter  in the development process. Table B—V therefore contains two
sets of dates to illustrate 1) when each practice became part of the SIP

development methodology , and 2) when each practice became sufficiently
V well defined , formally established , supported and appropriate for use by

STP developers. An asterisk (*) is used to denote “Before March 1972”.
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TABLE B-I. CDC Vendor — Supplied Development
Su ppor t Software

Name Descr ipti on

SCOPE 2.1 CDC 7600/7700 Opera t i ng System
SCOPE 3.4 CDC 6400/CYBER Opera ti ng System
FTN Library Ma th l ib rar y for FTN com pi ler
FORTRAN De bu g Debug package for use with FORTRAN programs

COMPASS 2.0 Assem b ly lan gua ge assem b ler
COMPASS 3.0 Assembly lan guage a€sembler with improved

MACRO and MICRO capabilities

SYSMOD Modifies the system nucleus library to add ,
delete , or replace system overlays and inter-
rupt handlers

SYSLIBE Modi f ies  the system l ib ra r i es
SIF Anal ysis Program Analyzes System Information File (SIF)

SYSDUMP Dead dum p program

SMM System Maintenance Monitor (SMM) to support
har dware debu g

U P DATE /LIBE DI T U t i l i t y  for source deck ma i ntenance
SORT /MERGE Ut i l i ty for sort /merge
Record Manager Utility for I /O operat ions
Loader Load user programs

Permanent File Manager Uti l i ty for maintaining permanent f i les
SAS COC 7600 CPU S imula to r
PPU Simulator CDC 7000 PPU Simulator

I

— ~~~~ i i -  ~~~~~~~~~~ 
-I;, 

V - 1±  
~~~~~~~~

“:t ~~~~~~~~~ 
- 

~~~~~~~~~~



-- - _ V~;V~~V~~~~~~~ ~~~V VVV_V _ VV-V ~~~~ ~~~~~~~~~~~ - ~~~~~ V_- -V - 
- — ____________________ 

PAG E B - 3

Table B-Il . Tactical Applications Program (TAP)

Develo pmen t Chronolo gy

Beg in Engagement Software Design and 06 March 1972

Develo pmen t

Loo p 1:
Preliminary Desi gn Complete 01 February

Deta i led  Design Com p lete 25 May 1973

Co de an d Checkou t Com p lete 11 September

Development Test Com p lete 01 May 1974

Loo p 2:

Prel iminary  Desi gn Com p lete 02 Jul y 1973

Detailed Design Complete 15 February 1974

a Code and checkout Complete 01 November 1974

Release 1 (CR-i) or Loop 3:

Preliminar y Design Complete 22 August 1974

Detailed Design Comp lete 15 January 1976

Code and Checkou t Com p lete 01 Au gust 1976

Process Inte gra t ion  and E v a l u a t i o n  01 January 1977
Test i ng Com p lete

P r e l i m i n a r y Release of CR-i Software 16 Au gust 1976

Final Release of CR-i Software 01 January 1977

Release 2 (CR—2):

Prelim i nary Design Complete 01 October 1976

Detailed Design Complete 01 January 1977

- ~~~~~~~~~~~~~~~~~ L -
~

-
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Table B- Ill . Tact ical Operating System (TOS/FTOS) Development Chronology

Beg in Engag ement Programs 06 March 1972

Prel imi nary TOS Des ig n Com p lete 20 March 1973

- 

- 

Vers i on 1 FTOS: 27 Jul y 1973

Version 2 FTOS 31 May 1974

Detailed 105 Design Complete 26 July 1974

Version 3 FTOS : 01 October 1974

- 

. Version 4 FTOS: 01 April 1975

Vers ion i lOS (Preliminary Capability): 01 May 1975

Version 5 FTOS : 14 June 1975

Version 6 FIOS: 01 A igist 1975

-
- Version 2 TOS (LOEU , GDS Ca pability): 15 March 1976

- Version 3 lOS (RDC Capabi l i ty ) :  01 July 1976

V Version 4 TOS (Triplex Capability): 15 October 1976 

:---
~~ 
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Table B— IV. Test Support Software (SETS/KTSP)*

Development Chronology

Begin TSS Programs Design and Development 06 March 1972

SETS Engineering Requirements Document (ERD) Release 01 September 1972

• KTSP Engineering Requirements Document (ERD) Release 02 February 1973

Preliminary Design for KMR SETS Complete 28 February 1973

Preliminary Design for KMR SETS Complete 24 October 1973

• KTSP Preliminary Design Review 24 October 1973

SETS Loop 1: Detailed Design , Code and Test Complete 01 May 1974

SETS Loop 2: Detailed Design , Code and Test Complete 01 November 1974

SETS Loop 3: Deferred Past
Current Contract
End Date

KTSP Release 1 (CR-i) or Loop 3: Detailed Design , Code 01 January 1977
and Test Complete

KISP Release 2 (CR-2): 01 January 1977

* SETS = System Environment and Threat Simulator
KTSP = KMR Test Support Program

I ~

~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ ~~~~~~~~ ~~~~~~~
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Table B-V. Systems Technology Program Modern Programing Practices (MPP)

Sumary of Chronology

MPP Concept Defined Available/Use d

Process Construction Program (PCP) * January 1973
Automated Documentation Tools * *
Unit Development Folders (UDFs) May 1972 Oct-Nov . 1972

Programing Standards * May 1972
Quality Assurance Tools August 1972 November 1973
Structured Programing April 1974 April 1974

Top-down Design Concept * April 1973

Independent Test Organization * *
Incremental Development Approach * *
Complete Preliminary Design * *
Data Processing Subsystem Simulation * *
(DPSS)
Automated Production Support Facilities * *
Discrepancy Reporting System * April -May 1973

Requirements Analysis and Validation * *
Process Design * *
Test Tools * August 1973

Document-as-you-go Concept * *

Software Configuration Management * *

Quality Assurance Audits * March 1973

N2 Chart * February 1973

* Before March 1972

~ 

•
~~~~~~~~~~~~~~~
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APPENDIX C

MATHEMATICAL ALGORITI4IS

The following are detailed descriptions of the statistical algorithm s

developed for the analysis of the survey raw data. These al gori t~~s have been
impl emented in the software program IMPACT. A listing of IMPACT is inc I u’led in

Appendi x D. An A x B matrix of practice versus characteri stic is assumed.
The (i,j) th element of this matrix represents a measure of the influence that

practice i has on characteristic j. Let N1~ be the number of survey responses
determined for the (i,j)th element. Since each response is a discrete variable

ranging from -2 to +2, a distribution function , d 1~~ can be specified for each

element.

C.l Quantitative Algori thms
Assume that each distr i bution function d1~ is the sample distri bution

associated with a random variable. The sample mean can be computed as:

N..

= 
~~ 

X jjk i1, .. .A (c.l-l)

k=l

where X ijk is the kth response for practices-characteristic pair (‘L~j) and N

is the number of non-blank responses for practice-characteristic pair (i ,j).

The sampl e var i ance, 
~~
j, can be computed as:

N

ø~~j  
(X ljk - i 1 ,...A (C.l-2)

k=l -
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In a similar manner , the overall effect that a practice has on the complete
set of characteristics can be determined . The overall mean u 1 and variance
for practice i are given by:

A

~~ 
=

~~~~~ 

N~ ~ij
/
~ 

(C.l—3)

A N 1

~~~ 
=

~~~~~ 
(X~~ - 

(C. l-4)
j= l k~1 N~ 

—

where

= Total number of responses obtained for practice i ,

A
N. ~1.1 1J

j=l

3
The mean values for each practice of the Progranr’~ing Standards Survey are

• depicted by the ‘tdots ’ in Figure C-i . The shaded areas in the figure indicate
the plus and minus one sigma (cii) variations about the means. As seen from
the figure, all practices (or standards) have a positive mean value indicating
that on the average the standards generally have an overall positive influence
on the compl ete set of characteristics. It should also be noted that the
one sigma var iati ons abou t the mean are generall y rather lar ge. Therefore, even
though the mean is positive , it cannot be concluded wi th high confidence that
the standard actuall y has a posit ive effect. In order to make ~iore definitive
statements concerning the overall influence of the standard , the shape of the
distribution function must be considered . The evaluation of the distribution
functions will be discussed in detail in SectionC.2 .

Ano ther consideration of i nterest is what effect the complete set of
practices has on a given characteristic. In a manner analogous to equations
C .l-3 and C .l-4 , the overa l l mean , and variance for cha racteristic j
can be computed as:

“3
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~ 
=~~~~ N1~ ~~ 

(C.l-5)
1=1

B 
~~

i=l 
(x~~ - )2 (c.1-6)

where N~ is the total number of responses received for characteristic j , i.e.,

N~ =

~~~~~~ 

N~ (c.l-7)

The mean va l ue of the responses for each characteristic as well as the one
3 sigma bounds for the Programming Standards Survey are plotted in Figure C-2.

In general , the set of standards has a positive influence on the characteristic.
However , some standards have a slightly negative influence , as for example , on
characteristic 18 (“Cost”) and characteristic 19 (“Schedule”). As previously

• noted , the large variance in the data makes high confidence conclusions difficult
unless the actua l distribution function is examined . An algorithm for hypothesis
testing based on the distribution function will be discussed in the next section.

I ‘
C.2 Distributional Algorithms

Hypothesis test procedures are utilized in this section for the analysis

of the IMPACT survey data. Section C.2.l discusses the theoretical foundations
of the procedures and Sections C.2.2 throug h C.2.5 detail the implementation of

the hypothesis tests.

C.2.l Hypothesis Testing
Consider an experiment consisting of independent repeated trials whose

outcomes have been classified into two categories, called “plus ” and “minus ”.
Let the probability of “plus ” be denoted by p and the probability of “minus ”
be denoted by q. Such an experiment is said to consist of Bernoulli trials and
is subject to the constraint that p + q = 1. By observing N trials of this

I c

• ~~~~~~~~~~
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experiment , it can be determined (within some probability measure) whether or
not the probability of pluses exceeds the probability of minuses, i.e. 1 whether
or not p > .5. This can be accomplished using the procedures discussed below.

Let the first hypothesis (usually termed the null hypothesis and denoted
by H0) be:

H0: p < .5

and the alternative hypothesis , HA l be:

HA : p > .5

Based on the observa tion of N tr ials , either H0 or HA must be accepted as the
“true” hypothesis. Let Np be the number of “pulses ” observed during the r~i
trials. For larg e N, Np can be modeled as a Gaussian random variable wi th mean:

I

and standard deviation

If p = .5, the mean and standard deviation are respectively:
r

I

Figure C—3 shows pictorially the relationship between the distribution of Np

for various values of p .
From the figure it is observed that the larger the valu~ ’v’~~Np, the

more likely it is that p > .5. To quantify this observation , let

Np 
— 

(N/2)z = (c.2.l)

p

~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~• 
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When p = .5, Z has a Gaussian distr i bution with mean zero and standard deviation
one. It can then be shown that one shoufl accept HA if

Z > k, (c .2-2)

where k is a measure of the probability of error, i.e. , k measures the probability
that one will accept HA when actually H0 is the true hypothesis. The relationship
between k and the probability of error is shown in Table C-I where condifenc e
level is defined as confidence level = 100 (1 - probability of error).

Combining equations C.2—l and C.2—2 and rearranging indicates that NA
should be accepted (with the confidence associated with k) if

k
N — 2  2J~

Table C-I. Relationship Between k and Confidence Level

k Confidence Level (%)
-3.0 0.13
-2.5 0.6
-2.0 2.0

‘I —1.5 7.0
• -1.0 16.0

-0.5 31.0
0.0 50.0
0.5 69.0
1.0 84.0
1.5 93.0
2.0 98.0
2.5 99.4
3.0 99.9

For example , let N ~~36. Table C-Il gives the cutoff value , x , for

together with the associated confidence C. The table is read as follows:

if > x , then the confidence associated with choosing HA is given by C.

~~~~~~~~~~~
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From the tabl e it is seen that if Np/N is greater than .75, one may choose HA
and have extremely high confidence that the “pluses ” are truly in the majority.

So far confidence levels have been determined only if HA is accepted.
In an analogous manner , the probability of error associated with choosing

H0 can be derived , i.e. , the probability that H0 is accepted when HA is in

reality the true hypothesis .

If HA is rejected (i.e., H0 accepted), then Np/N is less than the cutoff

value x. This impl ies that NM/N > (1 — x) where Nm is the number of “mi nuses ”

observed. Thus the confidence associated with accepting H0 is obtained from

Table C-il as the confidence associated with the cutoff value (1 - x). For

exampl e , if

= x = .25 ,

then one has very low confidence (.13%) if HA is accepted. However, if H0 is3 acce pted , the confidence that a correct decision has been made is 99.9%, (the

confidence associated with the 1 — x = .75 entry of Tabl e C—TI) . Thus for

this data , H0 would be accepted with a high level of confidence.

The data in Tabl e C—I T will be utilized in the following sections to

determine the confidence in the assertions associated with the analysis

Table C—I l . Example Confidence Level for N = 36

Cut-off Value x Confidence Level C %

0.25 0.13
0.50 50.0
0.75 99 .9

of the Impact Evaluation Survey data. The assertions will be of the form :

“Practice i has a positive (or negative) influence on
characteristic j. ”
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To determine if the assertion is supported by the data , a several stage
hypothesis testing procedure is utilized . First a hypothesis test is con-
structed to determine if practice i does influence characteristic j. This
determination is described in the next section. If it is concluded that the
practice does influence the character i stic , Section A .2.3 will descr i be the

algorithm to determine if this influence is positive , negative , or inconclusive.
The overall procedure will be presented in summary form in Section A .2.4.

C.2.2 Assertion Confidence
For each practice -characteristic pair (as wel l as the overall data for

both practices and characteristics), the follow ing hypotheses were tested:

H0: The respondents to the impact evaluation surv ey were in
agreement that the practice i did have an influence on
the characteristic j (i.e., influence rating / 0).

HA : The respondents to the impact evaluation survey were in
agreement that the practice i did not have an influence on

the characteristic j (i.e., influence rating = 0).

These hypotheses were tested based on the statistic NR (i ,i) defi ii~d as:

N (i ,j)
• N~ (i~j) = N

13

where ,

N0(i ,j) = Number of indifferent (0) responses observed for the

• (i ,j)th practice-characteristic pair , and

• ~~ = Total number of responses for the (i ,j)th practice
characteristic pair.

Since N 1~ was usually in the 30 to 40 range , Tabl e C-Il can be utilized to
give an ind ication of the confidence level associated with the hypothesis

test.
If NR (i ,j) > .75, Table C -II indicates that HA can be accepted with a

high level of confidence. On the other hand , if NR (i ,j) -~ .25, H0 is the

hg . 
— 

~~~~~~~~~~~~~~~ ~~~~~~~~~~ 
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high confidence choice. Values of NR (i ,j) between .25 and .75 are in an
uncertainty zone where neither hypothesis can be selected with high confidence.

For presentation of the survey results in this report the level of con-
fidence is denoted by the following terms:

Strong Assertion: A very high level of confidence that the
assertion is correct. Cutoff values are as follows :

N (i ,j) > .75 - highly confident that H is correct ,
i.e. , the i practice does not influence the j
characteristic.

NR (i,j) < .25 - highly confident that H0 is true , i.e. , the

~th practice does influence (either positively or negatively)
the ~th characteristic .

Medium Assertion: Indications are that the practice does influence
the characteristic. However , the data does not support a clear
cut verification . Assertions will be termed medium when
.25 < N~ (i ,j) < .50.

• Weak Assertion: The practice probably has only a weak (if any)
influence on the characteristic. The majority of the respondents
gave an ind ifferent rating to the practice —characteristic pair

• (i.e., .50 < HR (i ,j) < .75).

C .2.3 Assertions (Influence Rating)
• Once it has been determined that practice i does have an influence

(strong , medium , or weak) on characteristic j, the next step is to determine

~f the influence is positive or negative. To accomplish this the followi ng
hypotheses were tested :

H0: Respondents to the survey agreed that practive I had, a

positive Infl uence on characteristic j (i.e., influence

ratIng +1 or +2).

HA : Respondents to the survey agreed that practice i had a
negative Infl uence on characteristic i (I.e., influence

• rating ,1 or -2).

~ 
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These hypotheses were tested based on the statistic RNN 1~~ defined as

RNN( i , j )  = _____

where ,

NN(i ,j) is the number of respondents who indicated that practice i had
a negative (—1 or -2) influence on characteristic j ,  and NR(i ,j) is
the total number of respondents who indicated that practice i had an
influence (—2 , — 1 , +1, or +2) on characteristic j .

If RNN (i,j) exceeded .75, hypothesis HA is accepted wi th high confidence. On
the other hand , if RNN(i ,j) was less than .25, H0 was selected. If
.25 < RNN(i,j) < .75, neither hypothesis can be selected wi th high confidence
and the result of the experiment is i nconclusive.

• For strong assertions which were not inconclusive , an additional hypothesis
test was performed to pinpoint the influence rating . This additional hypothesis
test was not utilized for medium or weak assertions since thei r confidence

p level is low. For strong assertions for which a positive influence was
established the followi ng test was made.

H0: For the respondents who agreed that practice i had a positive
effect ~n characteristic j ,  the majority agreed that the influence
was m~.i m  (+1).

HA : For the respondents who agreed that practice i had a positive
effec t on character i s ti c j ,  the majority agreed that the
influence was strong (+2).

This hypothesis was tested by utilizing the statistic

N÷2(i ,j)/N~(i,j) (c.2-3)

where ,

N~2(i ,j) is the number of respondents who indicated that practice

i had a +2 effect on characteristic j ,  and

I

• ~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~ 
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N~ (i ,j) is the number of respondents who indicated that practice i
had a positive influence (+1 or +2) on characteristic j.

If the ratio given by equation C.2-3 exceeded .5, hypothesis HA was accepted;

if not , H0 was chosen . An analogous hypothesis test was performed for strong
assertions for which a negative influence was established .

C .2. 4 Summary

Table C-Ill provides a summary of the hypothesis test algorithm in
tabular form.

I

1
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APPENDIX D

IMPACT EVALUATION/COMPARISON TOOLS

D. l Genera l

Three programs were developed to support the analyses performed in the
• MPP study . This appendix provides a br ief description of the purpose and

function and a source listing for each of the programs :

• IMPACT

• MERIT

• RAN K

These programs were coded in the FORTRAN extended language for use on
the CDC Cyber 74/ 174 (TRW/TSS) computer system.

D.2 IMPACT

D.2.l Purpose

The IMPACT program was required to analyze impact evaluation survey
response raw data and produce composite impact assessments .

D.2 2 Input

IMPACT accepts as input the coded influence ratings (+2, +1 , 0, -1 ,

-2) contained in the impact evaluation matrices for N survey questionna ires .
A rating value of 3 is used to indicate a blank in the evaluation matrix.

D.2.3 Function

IMPACT performs the quantitative and distributional algorithm s described

-
• 

in Appendix C.

I
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For each element of the impact evaluation matrix , IMPACT examines the
input rating s from the N survey questionnaire s and derives a response-
frequency-distri bution (i.e. , the number of +2 responses , +1 responses ,
etc) and a cor respond i ng rating-percentage—distribution. The mean rating
and standard deviation are also computed. IMPACT performs the hypothesis
test (distributional algorithm) on the response-frequency-distributions
and derives a composite assertion strength/influence rating for each matrix
element. In addition , IMPACT computes and analyzes summary response-
frequency-distributions for each matrix row and colum n and for the entire
matrix and derives corresponding summary measures of assertion strength!
influence rating .

D.2.4 Output
IMPACT output consists of the response-frequency-distributions ,

percentages, mean and standard deviation statistics, and the composite
assertion strength/influence ratings. Examples of IMPACT output (MPP
theoretical results) are presented in the sections following .

0.2.4.1 Mean and Standard Deviation
IMPACT determines the mean , number of non-blank responses , and

standard deviation (variance) for each matrix element (i ,j pair). The
results presented in Table D-III are to be i nterpreted in the followi ng
manner :

a. A row index , (i.e., “practice ” index), is printed vertically
along the page. (The relationship between the practice and
its index is presented in Table D-I).

b . A column index , (i.e., “problem” index ), is printed horizon-

tally across the page. (The mapping of probl em versus indeA
is presented in Table 0—Il).

c. For each i,j pair three numeric val ues are derived. These
vdlues are as follows :

* * * * * * * * * * * * *
* sample mean *

* number of non-blank responses *

: sarnpl: vari:nc: 
* * * * *

I
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Table D—I Practice Indices

Index Practice Identification

1 Requirements Analysis and Validation

2 Process Design

3 Incremental Development

4 Complete Preliminary Design

5 Unit Development Folders

6 Enforced Programming Standards

7 Independent Testing

8 Software Configuration Management

9 Baselin -ing of Requirements Specification

10 Formal Inspection of Documentation and Code

11 Software Deve l opmen t Too l s

I~.

I

• ~~~~~~~~~~~~~~~~~~~~ 
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Table D— II Problem Indices

Index Problem Identification

1 Cost Overrun

2 Development Status Invisibility

3 Unreliability

4 Unmainta inability

5 Inadequate Satisfaction of Real Requirements

6 Inefficient Use of Resources

7 Schedule Overrun

8 Inadequate Planning and Control

9 Project Mismanagement

10 Lack of Programming Discipline

11 Lack of Conclusive Testing

12 Poor Documentation

I
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For example , the mea n, number of non-blank responses , and variance of the
“Process Design ” practice (row index of 2) and “Unreliability ” problem
(column index of 3) pair is shown on Table D-III to be:

* * * * *
* 1.24 *
* 49 *
* ~74 *

* * * * *
It should be noted that following column 12 is a column containing

the sampl e mean , number of non-bl ank responses , and sample variance summary
data for each row. Similarly, the row followi ng row 11 contains summary
data of each column.

D.2.4.2 Response-Frequency-Distributions and Percent~ges
IMPACT determ i nes the response-frequency-distributio ns and per-

centages for each matrix element (i,j pair). The results presented in
• Table D-IV are to be interpreted in the following manner :

a. Row and column indices are printed with the same meaning as
stated in 0.2.4.1-a and D.2.4.l-b.

* b. For each i ,j pair , two columns of five numbers each are
derived . These columns have the followi ng interpretation:

Column 1 Ratina Freauencv • Column 2 Rating Percentage

• Number of Strong Positive Percentage of +2 responses
(+2) influence ratings

Number of Positive (+1) influence rating s Percentage of +1 responses
• Number of ,~~~~ . 

(0) influence ratings Percentage of 0 responses

Number of Negative (-1) influence rating s Percentage of -l responses
Number of Strong Negati ve Percentage of -2 responses

(-2) influence ratings

For example, the distr i bution of responses showing the effect that

the practice “Unit Development Folders ” had on the probl em “Development
Status Invisibility ” Is obtained as follows: “Unit Development Folders”

• has a row index of 5 and “Development Status Invisibility ” has a colu mn
Index of 2. Column 1 of entry (5,2) of Table 0-tV shows that the following

distribution of responses was obtained for this i,j pair:

I
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Number of Responses Responses
46 Strong Positive (+2) influence rating
6 Positive (+1) influence rating
1 No (0) infl uence rati ng
1 Negative (—1) influence rati ng
0 Strong Negative (-2) influence rating

Similarl y, Column 2 of entry (5,2) shows that the percentage distribution
of responses is as follows:

Percentage of Responses Responses
85 Strong Positive (+2) influence rating
11 Positive (+1 ) influence rating

2 No (0) influence rating
2 Negative (—1 ) influence rating
0 Strong Negative (-2) influence rating

The 13th column contai ns summary data of each row. The 1 2th row contains
summa ry data of each column .

0.2.4.3 Composite Assertion Strength/Influence Ratings
IMPACT determines the composite assertion strength/i nfluence

ratings for each matrix element (i ,j pair). The results presented in Table
0-V are to be interpreted in the followi ng manner:

a. Row and column indices are printed with the same meaning as
stated in D.2.4.l-a and D.2.4.l-b.

b. For each i ,j pair , an assertion strength/ i nfluence rating
indicator is derived . The formulation of this indicator is
discussed in detail in Appendix C. Table C-I ll sumarizes
all of the possible rating indicators .

From Te.~ble D-V , the assertion strength/ influence rati ng indica tor
of row index 3 and column i ndex 1 is SP. By referencing Table D-I , 0-Il,

and C-Ill, the following can be concluded about the SP rating of i ,j pair

(3,1): “We can assert with strong confidence that, in the theoretical case,

the practice (Incremental Development) can and should make a positive

contribution toward el iminating the probl em (Cost Overrun)” .

• ~~~~~~ ~~- ~~~~~~~~~~~ 
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~-‘~~~~~~~~ -~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

a~~ _~~~~ • _ • ~~~~~~~~~~~~~~ 
- •
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TABLE D.~IV. IMPACT Output • MPP Survey Cummulative Result s

* * * $ $ * 4

$ 1 * 2 *  3 * 4 * ~ * 6 *

* * * $ $ 4’ *

* * * * * * * * * * * * * *$ $* *$* *$* * *$* $* * * * * * * *~~*****  ** *** * *
* 39 71* 21 40* 28 53* 16 30$ 44 ~j* j -~ 3~j *

$ 11 20* 17 33* 18 34 * 21 40$ 9 17* 1~ 38*

1 * 5 9* 13 25*  o 11* 15 28* 1 2* 12 24*

* 0 0* 1 2* 1 2* 1 24’ 0 3* ~ 0*

* 0 0* 0 0* 0 0* 0 0* 0 0* 0 0*

* ** *** ** * * * * * * *** *$*  $* * * *$ $* ** * ** *  * * *4 ’ * * **  * **$***

* 25 51* 25 50* 21 43*  17 35* 27 54 * 24 4 *

* 18 37* 16 32* 19 39* 14 29* 18 36* 15 31*

2 * ~ 10* 9 18* 9 18* 1’i 31* 5 10* 13 20*

* 1 2* 0 0* 0 0* 2 4* 0 0* 0 0*

* 0 0* 0 0* 0 0* 0 0* 0 0* 0 0*

* * ** $$* * * * * ** * ** $* ** ** **  * * * * * ** ** ** * * ** * ** * * * ** * *

* 23 44* 42 78* 22 42* iti 30* 16 33* 14 27*

- ‘  
* 19 37* 6 11* 21 40* 13 26* 14 29* 18 35*

3 * 6 12* 2 ‘.4’ 6 12* 16 32* 15 31* 15 29*

• 4’ 3 6* 4 7* 3 6* 6 12* 3 (
~* ~ 4*

* 1 2* 0 0* 0 0* 0 0* 0 u* 2 4*

5-

S

— _ L  
~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~ 
,. . .~~ ..,r ~ .4..- ~~~~~~~~~~~~~~~~~~~~~~~~ .~ 

..#_1, 5’s C” —
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TABLE D-IV. IMPACT Output - MPP Survey Cumulati ve Results (Continued )

* * * * * * $

* 1 * 2 *  3 *  4 * 5 * 6 *
* * * $ * * *

* 32 b2* 29 54* 20 37* 19 36* 32 62* 1~ 35$

* 15 29* 20 37* 27 50* 16 30* 17 33* 24 47*

4 * 4 8* 4 74’ 7 13* 18 34$ 2 4* 8 16*

* 1 2* 1 2* 0 0* 0 0* 1 2* 1. 2*

* 0 0* 0 0* 0 0* 0 0$ 0 0* 0 0*

* ** * ** * * ** ** * * *$* * *$* * ** $* ** *$* $  $**** **** *  ***$* * *

* 11 22* 46 85* 12 24*  30 59* 13 26* 8 17*

• * 20 41* 6 11* 19 38* 17 33* 18 36* 19 ~,0*

5 * 12 24*  1 2* 17 34*  4 8* 16 36* 16 34*

* 6 12* 1 2* 2 4* 0 0* 1 2* 4 9*

* 0 0* 0 0* 0 0* 0 0* 0 0* 0 0*

-~

* 1 2* 0 0* 22 42*  34 65* 1 2* 2 4*

* 23 47* 12 25* 26 49* 13 25*  9 16* 14 27*

6 * 15 31$ 35 734 ’  3 6* 2 4*  39 76* 21 41*

* 10 20* 1 2* 2 4* 3 6* 2 4* 13 25*

* 0 04’ 0 0* 0 0* 0 0$ 0 0* 1 2*

p.

S

4. —- -~~--— —~~~~ .~~. 
-

~ 
‘
~~~‘ ~ i-. -. ~ ~~. -. ..... ~~~~~~~~~ ,%4 ‘~~~~ ~~~~~~~~~~ 5’. ‘.

—“ —-C— -  -~~~~~~~~~ -.-~ —.---.- —
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TABLE D-IV. IMPACT Output - MPP Survey Cummulative Results (Continued)

* * * * $ * *

* 1 * 2 * 3 * 4 * 5 * b 4’

* * $ $ * * *

** * * * * *4 * * * *$* ** *$* ** * ** *** *$*$*$ $* * ** * ***  * * ** *$ *

$ 4 8* 5 10* 44 85*  9 18* 3e 7j * 6 j 3*

* 17 35*  20 4 2*  6 12* 9 18* 13 2 5*  15 3 2 *

7 * 16 33* 23 48* 2 4* 31 63* 2 4* 20  4 3 *

* 14 24~ 0 0* 0 (,* 0 04’ 0 0* -s ‘

~~~~

* 0 0* 0 0* 0 0* 0 0* 0 LJ * 2 4*

* $ * *$ * *$ * ** * * $ * * * * * ** • * * * * ** $ * * * * **  * * t * * * *4 $* • * * ** 4

* 7 15* 20 41*  18 36* 18 38*  9 1~~* 3 5*

* 20 4 3*  15 31* 20 40*  18 ~5* 14 29* 17 3 5*

8 * 14 3(1* 14 7Q* 12 24* 11 23* 2~ ~~~ * 2 3  4 .~*

* 5 11* 0 0* 0 0* 0 0* 0 0* 4 9*

* 0 0 * 0 0* 0 0* 0 0* 0 0* 0 3*

** ** ** * * * * *  * * * * * * * ** * $ * * $ * $ * *$ * *$ * $ * * *4 $* 4 * ** $ * 4 ’ *

* 4(1 78* 18 37$ 17 35*  12 25*  ‘.1 77* 24 ~1*

* 5 10* 15 31* 19 40* 17 35* 12 234’ 12 26*

9 * 5 10* 16 33* 12 25* 19 40* 0 ~~* 11 23*

* 1 2* 0 Q* 0 0* 0 (1* 0 0* 0

* 0 ( 1* 0 0 * 0 0* 0 0* 0 0* 3 04’

1.4.. 
~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~iT’~ ~~~i :_  E- ~ - i~~*±-~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- _ :
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TABLE D—IV. IMPACT Output — MPP Survey Cumulative Results (Continued )

* * * * $ * *

* 1 * 2 $ 1 * 4 * 5 ~‘ *

* * * * * $ *

* 9 20* 21 45*  22 4 5*  9 21* 20 42*  b 14*

* 18 41* 14 30* 20 41* 21 50* 16 37*  18 4 j *

10 * 11 25*  12 26* 7 14*  11 26* 10 21* 11 25*

* 5 11* 0 0* 0 0* 1 2* U 0* 7 15*

* 1. 2* 0 0* 0 0* 0 0$ 0 0* ~ 5*

* ** *$ $* * *$* * ** ** $* * ** * ** * *$* * ** * $* $* * * * ** *  4* * * * * *

* 17 35*  11 22* 26 51* 16 33 $ 19 40* 19 40*

* 2] . 44*  15 31* 20 39* 22 4 5*  13 27* 17 35*

11 * 8 17* 23 47* 4 8* 11 22* 16 33* 10 ~ 1*

* 2 4* 0 0* 1 2* 0 Q* 0 0* 2 4*

* 0 0* 0 0* 0 0* 0 0* 0 0* 0 0*

* * * * * *  * * *$* *$* * *$* ** ** * * * * * * ** ** *** ** * *** *  **  ** * * *

~‘208 38*238 43* 252 45* 195 3b *258 4 7 * ] . 4 3  27*

*187 34* 156 28* 2 15  38$ 18 1 33* 155  Z6* i~i8 3st

*101 19*152 27* 85 15* 153  2 8 * 1 3 3  2 4 $~~~? 33*

~~46 8* 8 1* 9 2* 13 2$ 7 j * 37 7*

C * 2 ** 0 0* 0 0* 0 0* 0 (1* 7 1*

~ 

~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
. ..  

~~~~~~~~~~~ 
.
~~~ •

• . .
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TABLE D-IV. IMPACT Output — MPP Survey Cummul ative Results (Continued)

* $ * * * * * *

* 7 * 8 * 9 * 10 * 11 * 12 *
* * * * * * $ *

* * * ** * * * * ** ** * * $* * * ** * * * ** * * ** * *$* * * * * * * * *  * ** ** * * * * *$* * *

* 24 47* 27 50~ 17 34*  9 18* 30 58* 18 3 * 29 2  €,7*

* 18 35* 19 35*  19 35*  14 27* 18 35*  2- ) 3 5* 2 0 3  32*

1 * 8 16* 7 13* 14 28* 27 53*  3 6* 13 2~ *i24 20*

* 1 2* 1 2* 0 0* 0 0* 1 2* U 0* 6 *4 ’

* 0 0* 0 0* 0 0* 1 2* 0 0$ 1. 2* 2 *4 ’

* * * ** * * * ** ** ** ** * * ** * * * ** * ** ** * * * * * * * ** ** * **  * * * * t * * * ** **

* 17 37* 25 49*  14 30* 10 21* 12 26* 1. 4 2 8 * 2 3 1  40*

* 19 41* 17 33* 20 43 *  13 28*  18 38* l~ 30*202 35*

2 * 10 22* 8 16* 12 26*  24 5j *  17 3o* 20 ~.0* 144 25*

* 0 0* 0 0* 0 0* 0 0* 0 0* 1 2* 4 **
* 0 0* 1 2* 0 0* 0 0* 0 0* 0 Q* i. **

$ * * * * a * * * s * * * * * * * * s s * * * * * * * * * * * * * * * * * * * * s *  * * * * * * * * s * * * s *

* 20 40* 26 51* 15 29* 7 14* 16 3 ] .$  8 .16*224 37*

* 20 40* 20 39* 24 47* 17 35*  19 37$ 15 31*206 34*

3 * 6 12* 3 6* 11 2 2*  21 4 3*  11 22$  20 41* 132  22*

* 4 8* 2 4* 0 0* 4 8* 4 5$ 4 5* 39 6*

* 3 Q* 0 0* 1 2* 0 0* 1 2$ 2 4* 7 1~
I

S

~ 

~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ -
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TABLE D-IV. IMPACT Output - MPP Survey Cumulative Results (Continued )

* $ * * * * * *

* 7 * 8 * 9 * 10 * 11 * 12 *
* * * * * * * *

* ** *$** ** ** ** *$* ** *** *$* *** * ** *$* * * * ** *** *  ** * * ** ** *$  ** *  *

* 25 52* 23 45*  19 38* 13 26* 10 20* 22 4 2* 2 8 2  42*

* 17 35*  23 4 5 *  19 38* 14 28* 18 36* 22 4 2 * 2 3 2  38*

4 * b 13* 5 104’ 12 24* 22 44* 22 44* 7 13*117 19*

* 0 Q* 0 0* 0- Q* 1 2* 0 0* 3 0* 5 **
* 0 0* 0 0* 0 Q* 0 0* 0 (1* 1. 2* 1 **

* 15 31* 26 50* 20 40* 21 40*  21 4 1~ 4 7  8 7* 2 7 0  44 *

* 20 41* 13 25* 16 32*  24 45*  21 4j *  4 7* 197 32*

5 * 11 22* 12 23*  13 26* 6 11* 8 18* 2 4* 120 20*

* 2 4* 1 2* 1 2* 2 4*  1 2* 1 2* 22 4*

* 1. 2* 0 0* 0 0* 0 0* 0 0$ 3 0* 1 *4 ’

$ 1 2* 5 10* 4 8* 44 83*  4 8$ 24 4 7* 1 4 2  23*

* 16 32* 10 21* 15 30* 8 15* 13 25*  19 3 l* j 75 29*

6 * 23 46* 32 67* 29 58*  0 Q* 34 67*  7 14* 240  40*

* 10 20* 1 2* 2 4* 1 2* 0 0* 1. 2* 46 8*

* 0 0* 0 0* 0 0* 0 0* 0 0* 0 0* 1 **

~~~~~~~~~~- - i-~~~~~~~~~~ ~~~~~~ ..- - 4”.-~ ~ ‘4  - - * - ± ~~~~~~~~~ 
- -

~~~~ ~j -~ ~~~ ~~~~~~~~~~~ “~~~ S
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TABLE D-Iv. IMPACT Output - MPP Survey Cummulat ive Results (Continued)

* * $ * * * * *

* p * ~ ‘~ * 10 * 11 * ~2 *

* * * * * * * *
* * * * * * * * * * * * * $ * * * * * * * * * * * * * * * * * * * * * * * * * $4 ’  * * * * * * * 4’ * * * * 4 * *

* 2 4* 7 15* 8 17* 7 15* 45 66 *  8 16* 16 1 31~

* 22 44 *  12 26* 23 4 8 *  12 2 5*  ~ 12*  13 2 7 * 1 5 8  29*

7 * 15 36* 27 57$ 17 35*  29 60*  0 0* 2- i  .57*2 13 36*

* 5 16* 1 ‘* 0 0* 0 Q* C) 0* 0 3* 25 4*

* 0 0* 0 0* 0 0* 0 0* 0 0* 3 ~~* 2 1*

* $ $* ** * * * *$ * * * ** * * * *$* # * * ** ** * ** * *  * ** ** * **  * * * ** * *  * * * ** * *
1

* ‘~ 19* 17 ~5* 22 46*  Ii 22~ 10 22*  19 3 s* 1b2 2~~#

* 15 31* 20 42*  17 35*  16 33*  15 33 *  21 ~,5 * 2 Q 9  36~

8 * 19 4C* 11 23*  9 19* 22 4 5 *  21 46 *  8 1 /* l d Q  3 3 *

* 5 10* 0 0* 0 0* 0 0* 0 0* 0 0* 14 2*

* 0 0* 0 0$ 0 0* 0 0* 0 0* 0 0* 0 0*

* * * * * * ** * * * * * * ** ** * ** * * * * * * * * ** * * * ** * ** ** *4 * * * * ** * * * * *  *4

* 32 64*  26 53*  21 4 3 *  4 8*  21 41* 15 3 14 ’ 2 7 1  4 6 *

* 11 22*  16 33*  19 39*  7 15$ 16 31~ 20 4l~~1b9 2 ? *

9 * 7 14* 7 14* 9 18* 37 774 ’  14 27*  14 29* i s l  26*

* 0 0 * 0 0* 0 0* 0 0* 0 0* 0 Q 4 ’ 1 **
* 0 0* 0 0* 0 0* 0 0* 0 0* 0 3* 0 0*

I_~lI- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—
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TABLE D- IV .  IMPACT Output - MPP Survey Cumulative Results (Continued)

* * * * * * * *
* 7 * 8 * 9 * 10 * 11 * 12 *

* * * * * * * *

* * * * * * * ** $* *** * * * * ** * ** *  * * * * * * * * ** * * * ** ** ** 4 * * * * * * ** * ** *

$ 5 11* 11 24* 9 20* 21 46*  13 26* 2o 44 $~.b6 30*

* 16 36* 17 38*  22 49* 19 41* 18 39*  13 40* 219  4 0*

10 * 18 41* 17 38* 14 31* 6 13* 15 33* b 13* 13 8  2 5*

* 5 jj* 0 0* 0 0* 0 0* 0 * 1 2* 19 3*

* 0 0* 0 0* 0 0* 0 0* Ci ~~ 0 3* 3 *4’

* 14 30* 7 15* 7 154 ’  20 41* 26 53*  21 4 2 * 2 0 3  3 5 *

* .16 34*  16 35*  19 39*  18 37* 15 37*  11 2 2 * 2 0 5  35*

11 * 15 32* 23 50* 20 43* 1-3 20* 5 10* 18 3o * 1h3 28*

* 2 4*  0 0* 1 2* 1 24 ’  0 0* 0 0* 9 2*

* 0 0* 0 0* 0 0* 0 0* 0 0* 3 0$ ~ 0*

‘

- 5- —-
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TABLE D-IV. IMPACT Output - MPP Survey Curirulative Results (Continued)

* * * * * * * *
* 7 * 6 * 9 * 10 * 11 * 12 *

* * * * * * * *
* ** ** ** * ** * * ** * * * * * ** * * ** * ** ** * ** ** * ** *  *4’ * * * ** * ** * * * * *  * *

*16’, 31*200 37* 156 29* 167 31*208 3 8 * 215  3 9 * * 0 4

*j 90  36* 183  3 4 * 2 1 2  4 0 * 1 6 2  30* 180 3~~ *17~ 3 2 * * k 7

*14k 2b * 152 2R*l~ 0 10*204 38*150 2~~* i-~3 ~5 * * 3 1

* 3 7  7* 6 1* 4 * 4’ 9 2* I; 1* 9 1S1~~ 0

* 1 *4 ’  1 *4 ’  1 *4 ’  1 * 4 ’  1 *4 ’  1~ ~~* j~

p.

__ I



--
~ 

.:~~~~~~ _~
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TABLE D-V . IMPACT Output - Assertion Strength/ Influence Rating s

* * * * * * *
* 1 *  2 * 3 * 4 * 5 * ~ *

* * * * * $ *

$* ** * ** $** ** * ** * * * * ** $* ** * *  ** * ** ** * *$  *4 ’  ** *  ** * * *  **

1 $ S S P * SP * SP * MP * SSP * SP *

2 *  SP * SP * S” * MP * SP * Si~ •

3 *  SP * ss p * Sp * MP * pip * rip *
* * * * * ** * * * ** ** * * *4 ’ * * ** $* * * * ** $ * * * *$* $* ** * * ** * * * *  *

4 * SSP * SP $ SP * ~P * SP * SP *

* SP * SS P * MP * SP $ MP * MP *

* * * * * * * * * * * ** ** * *** * * ** * ** * * * ** **$* * ***** *  * $* *$* *

6 * MI * WP * SP * SSP * IND * 11 *
S 

* * * * * * * * * * * * * * * * * * *4 ’  * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

7 *  MI * riP * 552 * WP * SSP * riP *
* * * * * * * * * * * * $4 ’  * * * * * * $4 ’  * $4 ’  * $4 ’  * * $ * * * $4 ’ * * $4 ’  * $ * 41 * $ 4 1 * 4 ’

-

~~~~~ 8 *  PIP * PIP * 5 P * SP * WP * PIP *
** ** ** $$$4 c *4 ’  ** $ 4 ’ $ 4’ * $4 ’  $4 ’ $ *$ $* * **  4 * 4 * 4 1 * 4 ’  * ** *  *4 ’  * * **  *

S

____ 
S -~~~~~ ~~~~~~ - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -~~~ S
— .~~ —~~~~~— —‘~~~~ .-~ —— 

~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ l i &~~~~ 1CI~~~~~ 
- -~~~~~~~~
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TABLE D-V. IMPACT Output - Assertion Strength/Influence Rating s (Continued )

9 * SSP * PIP * SP $ MP * SSP * S s P

* *$ * ** $ * ** * ** *$ * * * * * * * * * * ** * * * * ** * ** * ** * * *  * * * * * * *

10 * Sp * PIP * 50 * PIP * SP * ~1 *

* * * * * ** * * * * * * * ** * ** * ** * * ** * * * ** * $ * * * * ** * *- 4  * 4 4 * 4 * 4 ’

U * SP * PIP * SP * SP * piP * S’ ? *

* sp * piP * S D * MP * SP * IF’ *

-
~~

-
~~~~~~~ ~~~~~~~~~~ -~~~~~ S ;~~~~_, .;;~~~~~. - ~~ . ~ ., .~~~~~ 

j~,; ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.I4,~~ 1S~~~ -.. ~ .~~~-$~~~~~~- - ,. I ~ ~~~~ - -
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TABLE D-V. IMPACT Output - Assertion Strength/ Influence Ratings (Continued)

* * * * * * * *
* 7 *  8 * 9 * 10 * 1.~ * 1 2 *

* * * * * * * 41

* * * * ** * ** ** * *  * **$  * ** * * * * ** * * * ** * ** * ** * * * ** ** *  * * * ** * * * *  41*

1 * 5 2  * SP $ MP * WP * SP * S P  * SP 41

* 41 * * * * *** $* **  * * * * *** *  * * *-* * * ** ** * * * * ** * * * **  * * * *$* *** ** * *$

2 * SP 41 5P * PIP 41 ~P * riP * MP * SO 41

4 1 * 4 1 * 4 1 * 4 1 * 4 1 *  * * * * *$* $** * * * ** ** * * ** ** * ** * ** ** * * ** * ** * ** * ** * *

p 3 * SF’ 41 SP * SP * MP * SP * riP * SO 41

1 
* * * *$* 4 ’ * * * * * * * * * *4 c * *$ $* $ * ** * $ * * *  * $ 4 1 * 4 1 4 $~~* $ *4 14 ’ 4 1 $ * * 4 1 $ * $ * * *

H 4*  SP 41 SP * 50 $ PIP * lIP * SP * SO *

*41 * * 4 1 * 4 1 4 1 * 4 *  * 4 1 * 4 1 4 1 *  * * * * * ** ** * **  *4 *  ** * * *  * 4 1 * 4 1 * 4 * 4 1 * 4 1 * 4 1 4 1 * 4 1 4 * 4 1 *

— 5 *  SP * SS P * PIP * SP * S F’ 41 5SF ’  * SP *
I

6 *  P11 * WP * W~ * S S P * ~4P * SP 41 PIP 41

-

- 

* ** ** ** $* * * * *$* $* *$* ** $* ** * * ** * * * ** * ** * * **  * * * ** *** * ** .  *4

7 * PIP * WP * MD 41 WP 41 SSP * ~P * PIP 41

*4’ * 4 1 * 4 1 * 4 1 * 4 ’  * *$$  *41* ****  4 1 4 1 4 1 4 1 4 1 * 4 1 * 4 1 $ 4 1 $ 4 1 4 1 $ $  * 41 * 4 1 * 4 1 4 1  * * * * 4 1 4 1 * 4 1 4 1 4 * 4 ’

8 * ~~~~~ * SP $ S° 4’ PIP * PIP 41 SP 41 PIP 41

p.

S

_ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~
-
-—~~- 

~~
- 1
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TABLE D-V. IMPACT Output - Asserti on Strength/Influence Ratings (Continued)

9 $ SSP 41 5P * SP * IMO 41 PIP * IF’ 41 PIP *

* * ** $* ** * 4 1* * * * * *4 1$* * * * * ** * *4 1* ** * * * * * * ** ** *  * * ** ** * * ** * * 4 1*

10 41 tIP * lIP * PIP 41 SP 41 MP * SP * PIP $

* *4 1* *4 1* 4 1* * * ** * * * * * * *$ $ $* * * * * *$* 4 1  * 4 1 4 1 * 4 1 * 4 * 4 1 * 4 1 4 1 * 4 1 * 4 1 * 4 1 * 4 1 4 * 4 ’  *

11 * Pjp 41 MP $ PIP 41 SP 41 SP 41 IP 41 M? 4’

4 1 * 4 1 4 1 * 4 1 * 4 1 4 1 * 4 1  * ** ** * * * * * * * ** * * * * * * *  * * **4 1* ** * *  * 4 1 * 4 1 * 4 1 4 1 * 4 1 4 1 * 4 1 4 1 *

1 
41 lIP 41 PIP * PIP 4 PIP 41 PIP 41 PIP * PIP 41

I

&

p.

S

S 
- 

S ~~~~~~~~~ ~~~ A . .  
~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~S • ~~~~~~~~~~~ S ~ . ~~~~

- ~~—.~~ ——~—~-— S- S—’~~~ .-- ~~~~~~~~~ ~~~~~~~~ 
-S—-~~ -p—--~~.- _ ,~~~~~~ _

_
~~

___ - 
—~~~~.S - S . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘~~~~~~~~~~~~~~ - -
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TABLE D-V . IMPACT Output - Assertion Strength/Influence Ratings (Continued)

$52 a lb SF’ • 54 Ir-4 D • 2 SN • o SSP-1 • 0 SI  •

PIP • 44 • U MI • 4

wp — 11 • 0 WI • 0

1

I

p.

- _____ J
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D. 2 5 L ist i .g~

The IMPACT source listing is presented in Table D-VI .

0 .3 MERIT

D.3.l Purpose

The MERIT program was required to analyze the effect of non-
un iform weighting of the response-frequen cy-distributions (see D.2 3) In

computation of summary measures of assertion strength/influence rating for
individual MPP and sel ected MPP in combination .

D, 3 .2  Input

MERIT accepts the response -frequency-distributions from the IMPACT
program. MERIT also accepts a list of row weights (0 or 1 to indicate
which rows are to be included in the computation) and column weig hts
(between 1 and 99 to indicate the appropriate factor for each column of
distributions) used in computing the weighted summary response-frequency -
distributions.

0 .3 , 3  Function

MERIT performs the distributional algorithm described in
S Ap oendix C. MERIT uses the input row and column weights to factor each of

the rr~pon se-frequency -distributions from the IMPACT program. MERIT
totals the factored distribut ions across each row and down each column to

obtain weighted summary response-frequency-distributions for each row and
— column and adds the column sumni dry distributi ons to obtain a wei ghted

summary response-frequency-distribution for the complete matrix. The
hypothesis test (distributional al gorithm) is performed in deriving a

- composite assertion strength/infl uence rating (i.e., a fi gure of merit)
from each of the summary distributions ,

-

S 
The MERIT program was designed for interactive use , perniitting the

analyst to input varying sets of row and column weights to investigate the
figure of merit for various combinations of MPP in the context of different
software development activities .

L 

_____________________
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0 . 3 . 4  Output

MERIT output consists of the summary response-frequency -

distributions with corresponding percentages and the composite assertion
strength/infl uence ratings (figures of merit) . Examples of output are

contained in Appendix E. Examples of MERIT output (MPP theoretical
results) are presented in the section following.

0.3.4.1 MERIT Output - Unwei ghted

MERIT obtains the response-frequency-distributions generated by

IMPACT and applies wei ghting to the distributions thus perturbing the row

and column summary distributions , and the sumary response-frequency-
distribution for the complete matrix. The output presen ted in
Table D-VII presents the row and col umn summary data from MERIT uniform

weights (i.e., all row- weights and column weights equal to one). The

output consists of:

The row/column (“Practice”/”Problem ”) indices

The row/column identification under the l abel “Characteristic ”
and ‘Practice ”

The weight applied to that particular row/column

The summary assertion strength/influence rating for that
parti cular row/column after application of the weights

The summary response-frequency-distribution and percentage for
that particular row/column after application of the weights .

Located on the last page of Tabl e 0-VU is the weighted result
for the complete matrix , i5e ., the ‘ Composite Figure of Merit. ”

D.3 .4.2 MERIT Output - Weighted

Table D-VIII shows the results of applying varied wei ghts to the

data. Note the changes in the response-frequency-distributions and the
assertion strength/influence rating for practice number 9, and for the

composite figure of merit. Another example of weighting wi th MERIT is
discussed in Section 4 and the MERIT output is in Appendix E.

5. ~~55•4 i’ ~~~
‘ s-

~~ ~~ ~~~ 
. , 4 ,s_. 4s,~~~3 ~~~~~~~~ s.~ ‘s ~~~~~~~ ~~~~~~~~~~

S ~~~~~~~~~~~~~~~~ ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ -



Pr~~ [) - 59

5 5 ~J 4’ 4) CS ~j’ J NJ 4’ 4’ ~~l ~~ 
((S Ni 

~) .) ) 4’ 5’~I -1 A..’ (“ .~ ~~~ (‘~ 
-
~~ :i s-i t~s : ~‘s

I— U U . U •  • • U S U U S • • U U U U •  • •
~) ~) 4’ r~ s-i) 5’S ‘Ti N— --4 C) 4 () ~ p—s ~) -0 S~

-
~ ~t) NJ 0 LI ‘T’ -t ‘-4 (Ci si .5 ‘S N s—I

_a. ‘5 s i) p--C 4’ (‘s_I (‘s-i 4’ 55_I s-S rn -J’ 5’s_I .sj (‘-A 5) - -_a

Ti 5”— p—s sQ s- S_a 0 4) Ni C’ 0 rij ‘s A) 5’ ~
.) (54 s-_a ~ 5 - P’s _) 5 ~‘) C’s- s- S rI L (S--s N N

U ~i J) ~~ 4’ (“S s1) LA I_S 5- LI 75 1._a Cl ‘S 45% ~\ r _a_a .~~ 
-5)

-‘(C (S_ I .__ 4 - _4 555 s- -A ssS (s_ S 454 —~ _( .s4 N I  s~_S __a s— C - I —C

U-

7 (‘J —, D ----S NI Nj ’- lQ.-S NJ (s,A s-—4 C) ,s_. CLI (‘,J s—p O ,--C r,j 4’,i s—l sCi ----C (’-J C’ -S Lj---S 5’J

+ +  I I  + +  1 $  + +  I I + +  I I + +  I + 4  I I
-a
U)

455

as
‘I- ‘~~
I
4— C)

~~
LU LI’ Us-) si’s A) U-

~~ LA_a C— ~~ > >
U y -. P_C — .-sS .-a

C— ~~ 4- C— C- C-- L- 4-

0 —~~ -~~ -4 s-s - --‘C

S-s (S fl (_~fl —fl “ 45 45
0, ~~~ p —s —‘_S

0. 0. Os 0, -
~

5_C - j j  ~~ 
j”.

4.) C - -’ )  -
~~ V ‘4

~~ Y _ J  -J Z Ci Ci
a. — — -, -~

“5 ,? 3. CD 3. Ci
5/~) ‘— ‘P C-— 4) 5— 14._a C-
-z SJS s-s5_I 515

I—

~~~~ 

s-s p—i s-s s’- -

5—. 4._a

0- I I 2
I— ‘ -J 0— 7 Us- U.J ~5)

I ‘—i .‘C ri , s- Ui
ii I >~ ~ > C5. 5- .-, II, I Ci Li

- 
‘ 

LA. C’s V’s — P-sC I— 7 0— I i— ~~ 0 — 4~
C-— -J ~~_a V~ —I ~-‘ — I ‘—‘ U_a Li C’ (s-s P—C LA~ 4- Ci

- p C’ 0— Os s-As- 0— I— 0-—’ IL ..i -0 2 —s Q 0— ~~ IX Ls U.. 2. C)
~~ u_a - >  2 ~~ > )- a i—’ ~ s--’ — ‘C LU 0 LA., W V_S

C > LI - LA 0-— 7 0--’- ~C a_a ‘C Os. Z Ci V’s LA- LI, —. 4.” I.U IL’
- _a -C Li C (5) ~~ U’ s--s — Ci -~~ 0— ~~ — o — 0 Cs — C-) C. ~~r

C)

LU
C) —I 454 55) 4’ I_S .0

A’

~~~~ iIis’s&rL__Ir.Q. 
~~~~~~~~~~~~~~~~~~~ ~~~ ‘~~-~ — 4P~ -.~ 4 ~~~ ~~~~~ * ..~~ — 4 ~ ~ ,,~~~ s-s .

~~
1__5_a~~~~A- -

~~~~ s-” ’ •ssa-~~_a 
~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ —



s--S---,- ~~~~~~~~~~~~~~~~~~~ - -— - -  --‘ -— — -

PAGE D - 60

-0 15% 
~~ .1’ ~

) Ci —C Ni sTS CI 0 Xi (“ 4 1) s-C) ~() 1”. N_a (‘4 C’) LA s—i Ni s.j _a\ .—s “s N
U U • • S U U U S • • S U • • U U U S U 5 • U • U U

‘Ci CA o .~i rS) a-_S —4 Os- @ ‘) -)  C~’ N- - -1) (‘.5 N— —4 ~‘ (54 ~~
55_I “S NJ -‘5_I (1_I NJ NJ 55_I S’S (54 NJ 454

-l’ C D 5 N, .4 ) - f l 4 5 J J --4 4 ) N J -.D~~ J ’ 5 -  C ’ — NJ~~J’~~~~~~-4 -r s - ) C ) 4 ) -—s f_S -D - s - 5 4 ) --’s~
-1s 0’ 4’ m sJ s-C) 4.’, -A s-C 0 -O .0 0 CS (C LI’S s--I N’ 4’--- ~ s-’4 I_ _S_a -s--I —Us —4 Ni —4 -4 ‘—4 154 NJ s-i s_C NJ —4 s-_S

-a
U)

Ni .‘~~ 0 5- (“4 Ni s--C C) p—C Ni (‘sc 5- 0 s-i Ni NJ ~~4 0 ‘i NJ 554 .“i C) s-i (s_s (‘4 ~~ CD s-I NJ

+ +  I I  + +  I I + +  I I  + +  I I  + +  I I 4 +  I I
-4-,) /

0
C—,

‘a
0)
4)

I I) I_a LA.) Ui 14,1

>
U) — _C ‘—P P_C P-I

5-- 4— 4- 0- 5-

C ‘-‘4 5- s-sI -C

51’S t~
,s_I /5 / 5  s/_ S /_I

‘Ci -
~~ S

Os- 0, 0, 0,
p—-s —s- —
-~~ ~~ ~~

- ,- ,- ~~
-

Ci Ci Ci Ci
5-—, 5._C Sss.4 .-s.C 5—4

C) C) Ci CD Ci

‘-~ pi Ui U II ‘A )

4) ~
-: >~

Ci
a-
4)
Ci
C)

I— 5- p-C .‘ s--i —I

-4

LA_ I

5’ 
P—s.

~55 -4

“5  i ~A-~ U- - I
4- Ui 7 ‘C

(4. (_~) I b—’ 0--s C-—
I_A_I ..i~~~~ 7 -s,J 0 -’ C  U~~~~ , U ( P (!~ 2.
_~i D 

~~
‘ 0 I-’ 0 C-) 2 0 ‘C C Ci Z w

~~ C-’ IX Li_a 7 IX U~- ‘C Cs — -J 0-C

F— 
U_a IX C’ Z 0- “7 ~~ 0- ~~ (~) (~) C) ~ Ci 0— IX Ci 2
I Ui <- C  0 2. C) VS Z C) C) Z I_/i C) Z V’s C) Ci C)

2 -J --s ~~ 
0-C U. ~~~ C-

V’s C) I-C (5 ‘C C) Cs. ~~ 1. ..,) Cs. Y C) ,,J Li 0- 0 C’ 0-’

N- 0’ 0 —4
p-_S s-C s--S

I
5’

- - 5~ ~~ S 4 - s-4 .54s -  ~~~~ ~~~~~~~~~~~~~~~~~ s’_S s. s~”s-s~”I7~M s- ~s- , - ‘ ‘ -

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-~~P”— -~~~~~ 

~~~~ ~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~ ‘s~~~~ Asss- ,_a-s ~~~~~~~~~~~~~ - s - S s -  _a. 

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



- — 

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

PAGE D  61

s-i 4~ ‘s  ~~i 45 .  ~- N- C— N’ - -J 5) 5’ N- .f 4 ‘5% I’ - ) 5 -  ‘s ’ _a  ~‘S . 5 - -— 5 , ‘ ,) - -

C NJ 7 —s. 5’ 4’ -.5’ -C .~
) - -I 0 - NJ I”- .r ‘ I 1 - ‘~ ‘C’ 5’ (S.

4’ 5 4~1 s-I s-P’S “5 Cs_I “5 N NI .7 -( s-_a 5’ -C ._a 4 “S

54 5) -s7 4) I -P .’) 5’ 5’ .~4 4~ 
I) s_i 5’ C-s 4 - 54 C— 45 -s 5 1— ) 5 1 ( 5  -S -s

5’ ) 5 ~_S,4 - .5 .)~~~J CJ s-25 ’) ,fl 
~. I ” - -I Cs-, )~~ C J r ~_a r N - - S . :

J - - -5 NJ (‘s -I ‘I Cs’s -4 ‘ - “5  -I - ‘C 4 - -

A.

Ci z \. .—C ‘~C s- C-_a (‘4 —C .4 -C (
~-J _ S J s-C ~ ) p-i NJ 1 s—C ~~‘s - I l’s_ ! 5’ -_a ) s-i S_a (‘3 -~ ~~ C S

C ‘4 + 4 I I  + 4  I I  + 4  I I  + 4 -  I I  + +  I C  + -.- I I

4-I
C
0

C-)
—

I-a

-C ~~ ‘- IA U_ a_ S .1) III Is-

as U- 4— .
> ‘P

‘ t ’ t <1 “5 s--sI 5--P — s--A s--I
a, 5-., C. 1— 5 0-’ C— 4—

I) —4 s—A -P - - -
LI 45 tS /5 S~55 /5 1

CS s-
~) 

45-s 5_C

Ci 7 ~~. 5). 3. Os- ‘5,
U ~~ L’s ‘%, “ ‘5-’ ‘5.

s — C )  ‘S CS Ci C) 5)
o ~~~~~~~ ~“ “~ .“

C U s - -  1) -TCi C)
0, c/~~~s- ’ -

~~ 
-
~ A. C_a

/5 —4 4— 5— — _ P.—

-~ /5 /1 C’S s/S 1)

Ci
a.
4-’ 4-
Ci r

‘ 5 )  .—C s-s-S s-S — - -

I— -

LU

—P z
C. I

I V5 ‘— 7’ I i l  I C I  C.
-s — u 5—’ 0— (p U. 0 5— P—P (5 ‘.‘ U -

14.1 
~~ 

555 VS ~~ 51’ 7 C’s .i 7 C. ‘si (~ ‘s — ‘C
5 C1 C-) P— AT- >- C is- C s_a~ .,,‘s , s--s C s-A. C C C

‘C C 4’— 5.) 5- 0. LI.. C— (5. _.J ) — I~ LA C— C .. C L- s-
0. C’ Z ‘C C’S -_a C V’s C) -_a > 7’ 7 u (p — 7’ ,.4 s-A- (_ 7’
0, LA LI-I Z 7’ 15’ 1.4._a ~~ ‘C LA. LI. C IX ‘C U 7 U. U C’S _a — 4—

CL ~ ‘C C > (5 C’S — 0— (45 ) Ci (5 7 (Ci C) C_a ~~ - 
LI U- CS 7~ s_a-

-‘I
44
C) s-~• NJ ‘P_S 4’ C’s -O
7

As’ 

~~~~~~~ s-~~:
-
~s-: ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ i*I~ s-~i..- .: ~~~~~~~~~~~~~~~~ 

._ . ~~~~~ ~1~-



s- . 

~~~~~~~~~

‘ “

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

s- s-,s-s- -_~~~~~~~~~~~~ 5s-~~~~~~ s- 
-- ---. — —

~
——-- - s--_ - - -

P~~~~~~~~~~~

PAGE D - 62

. 5 ‘ - ‘s,- I , s  5 ,P’S ., .5’ s-C’ 5’) -s .1’S I S _ I  ~) 15 ~“J 
(5) .‘4 C ~) rn ‘—4 i)

• S • • • • • • S • • S • • S • • • • • S S • • S

) -D Cs -, 7’s _a) r55 NJ (“S $5 ‘5’S C_S 0 0 “ C -  ~~ ‘.75 (5 ‘D s-sC ~
‘)

45’S (54 (5 NJ 5) ‘5-) 3’ NJ (54 (5_S -.5’ (54 (5) (5) NJ

--1 1 (5 s~~ NJ s-’) (‘5 ‘S’ 4’ “ s—C )- ‘—4 - -1 C’ .0 (5’ jI Q’ 75 .5) ‘(5 fl 4’
45) ., s 4 1 5 -4 N o . 4’ s 0 --I (fl ---4

,ssA “ .J .4 (5’  -i N ! ‘‘I s’_-C “4 P’s -I ...4 s _ S I  ‘5%_ I ,s,4

-a
a,
Ci C”sS s-C (-I .-4 (‘s_I NJ s--i C) s-—C NJ Cs__ I s - i  C) s-i (‘4 (‘S_a s-C C) s-C (“s_a (54 p-I C) p—C (‘.3
C 4 +  I I  4 +  I I  4 +  I I  + 4  I I  + 4  I I
4-,
C
0

C-)

-a
a)
4J

‘14 51 ‘U LI,J U)
C) > >
‘5- — — ~~I s--I s-C

0- 5-- 4’- C- 0-—

C ‘ “
5/5  55) (I’S

C- 
U~I

U ’  7 C &~) LU — I ~ U~ ,.,J C-) C) 0— C) r ~—

5- .4 5- C —‘ Li) LI, C—’ LU C C- ~~
I_A-s 0- 0- U-s ‘C U. IX IX Cs ~~. 7 0-s C_a I— 0- Ui I—

4 I- C C-- VS U, Z 7’ V. 5-’C W C IX 51_S Z C) (4. > 7’
7 2. LI__a C- C’ C ‘C C- Ci (5 5- C 7’ U, ~~s 7’ CS Li LA_a
_-s LL’ C-- VS C) ~ ~~ C - C Vs 0— LI-s C- Ci ~ ‘C 51’ C’S T

Is’-s
’ N- SD 0’ 0 -4

p—C p-s-S

Ass

‘ -C~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~j-



-. —p--- ------- - — — -—--s - - - - -  — - ------ --s-—-—— .---- — --- - — -—---~~~~ - . -  - - -  - —--— —--

PAGE D

I~ 5 5% •~\ 3’ I~ S

.7’ 5) (‘I s_i
- s _ s CC! “Si

.5_ 55~5, —4 ~
) 5 ,

-~~) A. - ‘s-’s (‘5’ -s -SC

5 I N - -4
NJ -~‘d -4

-a
Q,) Cs.j a ) p—C (5._a

-~~~ 

+ C- I I

-4~ 5
C
0
Li

a)
.4-s,5 W

C’s

4-
—C

C s / S

=5 -‘S

~~ILJL ,C ~~~~~~~~~ ~~~~~~ ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~

-

~

-- -- ---s—
~~

--’- - -- —. ~~~~~~,.
s-



PAGE D - 64

“ I -.5’ 45 ‘5 .3 C) Ni .3. 4’ C) S C  -P s ’PsJ - O 0 () 4’ s-’sj -r C) “- C) ~-. (5 )  3’ 5-P’S .4’S “5 (5

4— 5 • • S S S p • • S S S S S S • • S S S
5.) 5’ .3’ -T) ‘C’ (S~5 ‘r’ N s-i .0 ‘3. 54 IC’s ,- P  0 0 ~C’5 (5 554 0 0 s-fl -3’ -s—I 0 .0 sI’S 0’ N —

454 (‘P_s s—C 4’ (54 N_a 4’ (5) ~ C I-P’S 55-) (‘SI 4’ Ni Ni NJ (5) NJ

C’s rn 0 -3. ~ .3’ SD .1’ ~~ CD 4’ C) 0 0 C’ C) N,’ .0 -C’ “) .3’ C) .3’ -C) C- .5’ -3’ .0 -0 .C
u .45 C -C N~~~S C C P ” .l 0 ’ r’I .(s ( 7 0 N’ ’ S  .3’ -. 5 ’ 4’N  .0 N J~~’~~(’- r ’
IX (S’ s - 5 3 ’ _s5 -4 ( - N _aT’ s’P’_S ,—C p—l s3’ 4’ p.s_a -C)J ’ SJ’ .I’5 I t’04 ’  0 ’4” N~~~U 4’ S-_a  .1) 55) C) -3 .1’ C’ - s—a .5’ a, N- 1) N 0 0’ -C (3’ N

p-_a p-I , A  s-I p-_a

7 5’s~ —4 0 s-C (‘Si (‘4 s-i 0 s-s-C 5’s) NI ‘C Cl s—C (‘4 NJ ‘-‘4 (‘S ~ ‘C NJ NJ p’-P 0 j—P C’s,’ (‘II p-s 0 ‘-P C\
C + 4  I I  4 +  I I  4 +  I I  4 +  I I  + 4  I I  + 4  I I
CL

‘5-
T

—a
~~
-sC 7’ ~~~ UI U) (.4_a U’ LII

LU 0-- C”
‘s- C ‘-~ P- P  5—P 5-4 4-5 p-s_a

— CL C- 0-’ 0-— C- C- C-
/5 5--s s-I s - 4  .-s4 s-I s--C

._aJ (/5 C/S 5/) L ’S V’s V’S

~3 7 5.) fl -‘-S C) (~
-s_S P’-) CC’S

f l7  s-I, 5) 5’S. 55

5- 54_a — “5 ‘5, -~ —
0 C - C )  ‘ 5 )  C) (,s)

4 c v J  7 Ci 7 C) Ci
‘.4/ U, C) s-’~ C’ .~ 4 —

I , ‘ S  7’ c~ C’S C) (5’ C’S
U) 5—4 4— U_I C- LU C- LI)
C VS L’S 7 V’s

a,
4-s)
Ci

I

— C-)
5- -P

C-— I I 2’
C- 2. US UI P_ a”

-. I .—~ C C .  7’ VS U)
U.S )SC 2’ ~~ 5’) I )- I >- VS ~--s~ —I ‘U I C’ C)
-s-i LA.’ C) CD (/5 — P-C C- 7 5— I 0-’ < I X  5-5 IX

4- IX _i -, VS .J C-’ s—i I ‘-P W W C-) W 5-4 U-s I- ~ _S
C-) I— IX LU C- 5- S-sC 

~14 . J Z ,,j Cs C- ‘C s~ ‘~ Z CD
‘C (/5 U_a C” 7’ ‘C > ~~‘- IX 5-P 7: s—s — C C U, C’) U_I U_a (/1
(5’ U_i UJ C- 7’ C- Z a’ 7 C a’ 7 Ci S/S P-I,, U’ 7’ 0 - ’  U. 13_i

‘C LI C) VS ‘-C 4-P C) C) C- C P-” C) 5-” CD (5’ ‘-5 C-) C) C~
T
C)

“S w
0 -4 55) ‘5’ sI’S .0
2’

I’

PC

As’

-—
~~~~~~~~~~

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
:~~s-~~~s- 

‘-- -‘ -- - ‘  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~. ‘~~~~~~~~ 

‘



PAGE D - 65

‘~‘ L’s s’S ‘I’ NJ ‘A’ IX) C’) s-s-C NJ s-fl P 0 11) (‘-4 0 1’ ‘C’ C’ (‘~4 NJ 0 CC s-C (‘S_I C’s_I 3.5 ‘-4 C’s N.
. S S • • S S • • S S S S • • • • S S S S • • S C S S S S S

C) f’s -~~ 0 -0 tO sx —I 3’ 0’ 0 0 0’ N —4 .4) (“5 N p- -C 0’ P’sJ ‘CS .-4
to I-fl (‘S_I tO C’) NJ (“s_ I m m (5) NI C’P’5 55) (5) (‘s_I N) (5) (‘4

(‘s_i 0 CX’ 0 (5’ sQ 5’, (C’S 0 0 0 0 1.0 -3’ .3’ a- a) C’s! -C~ C) Cs (‘s_i N II’ 0 J”s (.3 C)
s--s-s (‘s_I N .3’ p.0 CD a’ 54’s —C its CX’ ‘0 0 (‘4 U5 N -0 ~ (5’ NJ N- -iS IC’S SD -s fl_a NJ C’S U - ‘3’
‘.r’S O . — .-C sO .O O r f l  U’S ’C a) I”J ‘L’ Lts .-C N - 4’ O Nl  IC’ f’s4 0 r*J .
0’ s_-u J s’s__i (0 ‘5” a a - s-S SD (5) 55) -.3’ (3’ SD N N sO St’s

5-i p--s s-4

1’s-I s-’ . 0 — N’ (“4 s.C C) s—C (S_i C’s ’  s--C C) s-4 C’s) NJ — C) s-C I’s_sI NJ — 0 .‘s NJ C’s,J —4 (‘S s-C (‘.1

c 4 +  I I + 4  I I  + +  I I  + +  I I  + +  I I  4 +  I I

4,5

C
0

C-)

-Va,
U U_I s~l_) U,’ .4/

C) 05 05 05 05
5-4 5.-C — 5- 4-4 5-5

U C- C- C- C- 0— C-
5— C s-s_a 5-4 5- 5- —
(/5 V’S (/5 (/5 V’S V’s

C’S C) C’S
5- p_ (S. (5. (5, a, (‘I,

‘5. “5
0 ~~

‘ 7’

Us IX CD Z 0- -, 7 0-- ~ s . 0 (~ LI ~~ C) C- ~~ 2- 5 4-- C’s 2 0 V~ 2 C) C) Z Vs C) Z V’s C) U (0
C-) 05 Z _ J 7  C’S IX 5-C W ‘C IX 5- 5-4 C CD w C) C) 5-

V’S CD 5-4 (5, C C) (5. E £ ~J a, I C) _J C) I—’ a, t-s3 C-

0’

N 0’ 0 —4 (S_i
-~~ —4

~~~~~~~~~~~ ~:, 
- 

, -:±,~
-:~~~ 

s-

~ ~~~~~~~~ ~~~~~~~~~~~ Lts- ~ ~~~~~
- s~~~



r -s 

~

- — - - - —  -;: —----
~-: 

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

-s--s 
. 

--s::-:
~~~T=::

-- -- — “--s-- --
~ 

_
~~~~~~ 

. — ----5 . - ‘~~~V ’ ~~ 5s-” - 
~~~~~ 

. _.--— —: :—--
.:~~.~,

- —

PAGE D 6€

S (P’S ‘S (0 C-sI (‘4 ‘(5 i’s —C N NI c-_i It’ s CD ‘—C s—C -(S so ~) -~~
- ‘—4 NJ ~~ I-’— Y’ f’S_i ~I’ ~\J to :-‘ NJ

C- • • S e . S S . . SS  S S 4 5 •

C-) (
~) 

s-s-C C”— s—S ‘— 4 \ NI -,~ -.1’ 0 4) —‘4 —3 N- —C) s-s_a 555 —4 (‘0 C’— “S to -s _ a
--I, .h-sS (P’S ,—4 -s to J (P’s (45 (‘s_I -~ C’S) P—C .1- (0 (‘5-_I ‘ “  ~‘1 ‘5’

C-) N I N I L I_ Sst’S N- 0 ’ O s ’ 4 5-1 ‘P’S ,O I CS . 0 s- 4 N- ( O N J- 3’ O I ’S s--_a C ) 4 ’_a I p--. ’T- 4’ C)~~T~~ N J 5 5 S
Li_a N i C X l a- n- ,c’ -.3’ —4 4’ - s I sts NU” ’.-C J’ C’) N - t s N I I t 5 %55l r5’S ,C a , N . 0  4 ’ N I C -P”_a~~3’
~ -C’ C’- Ps_S I’s_i 0’ (‘4 NJ -‘ .t (N C) CX’ NJ Sf’ 4’ p-p N) rfl ‘X .1’ .-C (55 C) 5-3’ CC

: Li~ I_I’S tY’ 11’ s - 4  0 .0 s-C CS ‘Ci s~~ (“S s-s U’S (‘4 (3’ ‘C_a “ ~~ 0’ I’s- f l_a
5-4 p—S s-C -S 4 s-C s—S

‘O
~~ 2. (‘.1 s-sC CS s—C NJ (‘SI s—I 0 s--s4 (“4 (‘s__a s-I  C’s s-_a (‘s_a (‘s_a s-C C) 5- (‘s - S C’) p-_a 0 s”~ NJ N_a “ 5 0 5’ 5

Is ‘C Ci C—’ ~J ‘—4 LI ‘—4 IX LU 0—’ (5, ,.J >— C- LU C- C) CD C) C) Z
IX 0 Z ‘4 C’) s-J CD V’S C-) -J 05 Z 7’ u_a IX vS 5- 05 ~~ U’ C) 7’ ‘C

U_a LU Z 7’ ‘C IX U) 7’ ‘C U) u_i CD IX < L U  Z LU U) CD 2’ IX — C-
IX ‘4 C ,,.‘ 0-s CD s--P C- CD E C) (5, 2’ C) ~~ (‘5 7 :  U- U) (5-s 7, VS

LU
C) -4 NI 4 54”, 0
2
5-

~ 
I

As’

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



~~. - - ‘P s ’ - , - ~~- ~~~~ ~ f:~~~~~~ ; ~~~~~~~~~~~~~~ - ~~ 
/ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

,~‘~_‘—w’s~~ .-,~~~ ~iC , . . -. - -s ~

~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ “ $~~ . -
~~~~ 

-.- 
- 

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

PAr E D - 67

“ ~‘‘ ‘—h’ -n Cs s—n 5-5) ‘A’ ~J ‘S _a_) (s _ I flu ) -s_a —4 sn 5- -C’ SC’s .3 (‘I C’— s _ )

“S C’ ‘S’s ‘, N’ .0 5’) 5’-) 0 0 -5.) s—C C) ‘5’ C) ‘S (P’s -r ts 0 s--s-C 0
“~ 5’ ‘0 c’~ 

cr_ a 1’s_a NJ C’s_a 4’ (-s__a s-s’s 5-s-s NI

(5 N- -( -0 5’ 5.- 0 s—C ‘I N (5 0 LI’S 5.” s— s - ‘  -C’s (3’ s-i (1) (3’ (‘S
4 C) 5” s-s’s r~- 4) 4’ i (‘s_I S’s C’ - “5 ‘CC 5” CCC N 5 .0 55’ ~“s ‘i” I-”
I-SI - f’s f’s 5.’— (‘-5 55~ ‘5-) Sr N! S’s C’- C_ S C_S s--S 5-5- s-_a CD .3’
~5- ‘~ ‘ 5 -  

~-s-l N 0 (5’ .5’ cl_a .C, N- 
~~ 

N— s--C (1 0 a
p-s ~~C — -C

N- ~‘ 0 -s-_a NJ NJ s—C C) ,‘~ (‘SI NJ s—i 0 s—i 5.’ (‘1 s-S C) s—I fl_a l’s) —~ 0 .—4 NI
+ 4  , - ,

~
, ~~~I 4 +  I I  + 4  I I  4 +  C I

-C-)
C
0

C-)

“Oa_a
.5-) u_a . I1~ S I, ’

‘S.
01 s-_a — ,

(-‘S (/5 U) U)
‘~ 1 ,-‘s C) s-S -

a, ‘S. ‘S “S.

-
~~ 1~ ‘5
C- ~ ) 7’ Ci Ci

5- — C, 5-
“S C) C)

I 
U-s 5- W LU

vs 7’
0
0,
4.)
0

CD

— s-I s-I

1._a_I
2’

5’— (5 Sf1 1 7’ vSC’-’ -~~ 5.-, < (“ S 7’ s-_i

CD i-s’s ‘.4_I U_a 5—4 7’ (3 5- I ‘-s’s LU LU I
7 “ S  - r ~ ‘ u_i —s C— Ci s--s . CD IX (5 l’s

7’ C I’. LU ‘ 5  I 7’ IL --s_I C-) LI C- C ’  -CX CD 5 , .
—‘ -c j-s) 5 _J U) U) 5-I < 45 (fl-s) 

~ (.4 ~~w C- ‘C Ui IX IX (37 7’ a C) ~~ 5- LI_a 0--
4— C’s C- ~~~ IL Z Z V’s — (Li (“S IX (/5 7’ C) IL 0 -2

7 2’ IL_a r-’ s-i ‘C C U, ‘S) Q  s--s 0 7 14. ~~ 2’ CT’ u_a u_a
- -  C— C-) ~ (5%) 0 0 V’s 5- U, 5--I 0 7: C I/I C) 7:

4- ‘Xi 0
p s C  s—C



‘S 

______  
_

~~~~ 

‘
~ ~~~~~~~~~~~~~~~~~~~ 

-

~~~~~~~~~~~~~ T’~-~~~~~~~~ ’- U~4~~~’ 
~~~~~~~~~~~~~ 

: —  s-
~~~~

’
~~~

”
~~r 

~~~s-~~~~~~~-fl.~~(s $_a3s’s--4-~~ _ _
~S 

_____

PAGE D - 68

(‘s_I 5.’- ‘0 NI is)

C”- s’s’C £~‘S s~fl 
•

Is) 55%) NJ

LI’S 0 s-fl- ~~ 0’
U’S (~‘ 0 NP s_i’
5-5’ It’S Its Ni 5”

P (‘s_a 0

* * a) —

N_a s-s-S (‘S s-I NJ

0 + +
C
4.)
C
0
(—5

‘0
U)
C’

05

(/5

(5-

.0 F
Ci

0-s s--s
10
U_a

4-) 2’

VS
4-’ -4
0

C-

U_a
U_i 7:
2’

U-

— IL
s--P IX
C’. Ci

-5, CD

U_i U,

-J

C-

VS
C)
a-
7:
CD
(—I

(5

~ 

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



‘S
‘L ~ ~~~ _ _ - -,.s ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ S

~~~~~~~~~~~~~~~~~~~ ~
j ~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ t. ~C’i~-~,

[‘SA CSF D - 69

- s--s

I-) ~~~L) 1”
J “-I

4, —5 5.1 S U”

‘a ~~~~ s-’~~~~~~~~ ’ - ) _ (3  5--s

5” .) )( l  I s’ ~~~~~~
.5 5)’ (0 ‘-4 - --5 14.1 ~~ 

s--sC ~, ~5~I
C’— ‘--~~~~~~~~~~~~~~~ ‘~~~~~~ s - _a  7 1.: C i — S
‘- 5 - CC I. , • 4,) ~~ a- s—s , ~
3. ‘-5% 5-1 -‘S 1_i C I -5- ’ (5 15-) TI s- - VS
~L s--s ~ S ~~ - )_a ~ Z I 3, s—s -_a ) ~ “ ‘—p -CX
C— ’5- -) 0 0  • 5-, — ‘4
• ‘-P (5%) 5)) (‘5 •, • • () Z U • ~ F (/1

‘5— — - -.——— —- 5.•) -I~ — _a s—s.

.~1 I ‘ ~ S-_ P ~~~~~~~~~~~~~~~~ • U
_
i • ‘C- .1,

0-s — s—C P 3 (‘S ‘~U IX) 51. L’P ., N- s. ,p
— _,.I .~‘ ~ (5) s—I s-S s— C s-’ ._a _a_a >~
Ci (~L • ., ‘ -~~ -s-s ‘,~~ 

-c — C) • 7 (5, ‘C I_a_a
Cl _a, • I_I .1-s s_a 2 ~— C’s -‘-s --4 .A~ ~~ is

~ “S. ~~ S a- P U s- -S — > -LID — —
‘(.4 —P -‘5 I-s “C s’-l s-S •s • (-sI .3 (-‘54 ~E C)
~I_a 0 —4 — U Z a. s~) Z to I _a~ is z N 2’
‘4. S s—P is 0 — NJ s-— -s. I CD - I_a ‘C
C • 0 (0 5- • •s -I-i ‘.- ,,.5’ C...) Ni “ , is ‘.3 0, 1’)

— --s-s 0 Cs-) 5-4 ,Z 0-s ~~ L’S “4 (0 C—
.5 ‘SI (~) 1.,! -‘- -‘- -‘- *5 Cs__a •s IX •, ~~ — 0 -su C— Z I
— I_i) 

~~ (5. ), 0 a,) a._a 0 c —. .4 s-s 
~( Ti 7T C-)

0 j  • ,, ,_.p NJ 15%) s-C s--C 54 5  _a~ ‘ s-4 (A_a s-s 5 ,~ ‘ S ,‘ J -s-s

‘~~ 0-s U-s! ~( n Z --s — — — 0 • I ~ if) VS a i-s- 0 ~-5 (Li
,5-sJ .~C —‘ C-) (5. .1. Li. • 5 5-) ~, .,~ ~~ s-s-s ,,‘ (3 is
515 5’-’ __a is • is LI, a- ~~- C’,i 5— —5- (‘.1 0, ~L,) C.~1 I,)

5—’ N .,~J NJ (‘s_I Ni -sis —. LI (,~ :i: I • (/5 U.s C_a
_-s_i C’S I - — — (5-s T’ 0,, 2’ ~~_a ~~ N) • ‘0 ‘0 is ‘.) ‘s - I’ 7
a,) . s _ a ( 3 X .s a ) -~LS ~ I s  ~ .—‘ ) ~s- ‘C
0 ~~~~~~~~ ‘ “ ‘  • is • — .,.C’ 4,) -) • is C-) 5-’ C
C- C — •s •- C) tTS~ -s—s ~s I f)  7, -s’S
Ci C-s-s •s C) C) 0 — —“ --s- — In • VS —5 I ) s ii isp 
I~~ 

~~ 5”s 15-5 0 s-~T) CXI 5’- 5—5 II’) 5’ ‘S • a- Li’s Ci (3
5-~~~~~~

_ __ 
-5- 55%) s__I •—C 7’ ‘ ‘-~ 5- - 5 I. ,U 14- VI Cs-

— :._a a) a. a ~~ — ‘— — ~ — s-s’s P is ~ • I-sT_a sf1 .~ cl, 5-

5—’ 0_ ~‘—C s - 4  fl-_a 5-V C-) C-) A_S. (5- -C —4 ,C s--s_a 0 1. ~~. ~~ s-—s C-) )- ‘

~~ — — ;.T a - a- ,.C z~~: zz— — C s - - - I 7Q~~-C .)5-
Li.) ~~ ~g c’sj (‘s_I N_a fist O,, C’s) IX 4 L I * a- ~~ C-’ C
2’ .

~ s-~~ • • • -s~ a, 2’ _a. • 5” 4 5- i *j _a.j • C C ‘) 7-s

•~~~~ ~~ —5 s_ _a ,,~) ~~~~~ 
s-, -

~
5 5-’ 5— — —. _ _ • _ — sX • • • s—C 2 C-) a. cx .)

5’< 
~~ • ~~ ‘s) 5-fl’ ‘TI • S—P 5 l-s’ C) ~ 

-
5-—. 

i-s s--sC s--I ~~~~~~~~~~~~~~~~~ s -’C~~~~~~~~~~~~~~~~~ 5.3 ~.) C ‘-s. ~, s-~ ~~ 4’—

dD ‘~~ 
• • • Cs) Ci .&) IX ‘ • -s— is_a • U- NJ ~ ~~ ~~ _a C-s 5.,)

S—I s’S s_,) 0 s~) (s’s -fl —I —-C 0 s__I —I ‘—4 + ~) C_~J s_a I— • ‘C ‘ .4 (3
Ls~I ‘— (s-’S s-Si NJ I”S — — — —‘ (5) 55) ‘ ‘~~ 1 i L ,,: ~~ . . —4- s--C ‘
_i — — 5— C-) C-) 0, (5. ~~ ‘— 0, NJ 0, (‘.4 5—. I— ~t 0, 0 - --1 C-) ‘C
~~~ 5— ~ 0~ Z 2’ Z 2’ Z 2’ (54 C-) Z (5. (‘5 ‘)  .0 Z Z ~ Z ~ ~
C—’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ s—I ~~~ ( 3<

-~~ —5 2’ Z LI. Z 3. Z 3, sC -C 2’ .C  “I ~ -LI) • ‘, N U NJ IX —4 .3 ‘S 0 0 ‘—4
,IJ ~l -‘,, -I-’ s—s 14_a 1~ CD ‘-‘C
7: .t ~ z Z 2’ Z 2 Z Z 2’ Z ~~ 2’ 2’ ‘-s. ‘ - - ‘  5.3 & fl_a (‘s_I N-A • I ~ • ~ ~ SC ) D T ’ s’ ) O C ) J t J C D O C J D O ’ C  C-> 4 ’ . . .  Z Z  •~~~ —s p •
7: s - ’ S 5 - - P5- s-.~~~~~~U ) I X Z s--C VS N j  s - — ~~~~~~~~~~~~~~ —)

C VS /5 VS VS “S (I) (/5 ,I’S VS U’) U’) s-/S 1/5 s-- p s—p ,_s s_a /5 s--I 
~ ~

- 5— ‘C s- s-s s~~ 5.-s_a 5--C

Cs- Z Z Z Z~~f Z Z Z7 4 .Z Z Z  ~~~0_j ‘4 ‘-P ~~~~~~~~~~~~~~~~ 4Q
‘~~~~LU~~~~~~L U U i L U~~~~~~5 4 JW L U U)4si 5-I_a 1 4_ a C < C  .- _J u. CD 0 7  C-’ 4’C)L)~~~~~~L)LJ— s4)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ < C~~~~ 
‘-P

IX ‘C 5.S ~~5 ~~C 5 - C  5-C 5- 5 ~~~ s--C 5-C 5-i 5.-4 S-s 4 s4 ‘I -4_a ‘0 ‘C s..J ~_aJ LA Z ~
_i NI .-4 0 ‘-C (‘s_I LI CD

P C.) C) 5 -,) C) CD C) U_a C) C~i C) CO CO Ci C) ~_i s.,_a ~~ s.L I~ , s-I- 4 C) Z Z £ ~ 2 4’ C)
s-I N_I

~A 0
NI ‘3’

* 4 4*  • * * •

.-s-~~~N J N J 4’U ’ S  0 N~~~~0’Os-l r ’sJm4 ’4N ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
-4 s--i s- -C s-s4 s--C ~~ —C s--sC s-C s--sf 4%_I NJ (Psi (‘s_I (“I NJ NJ (‘LI Cs_i NJ 55’, 5-fl (C’S m 5.45 (CS Is) (CS

I - ’
~~~~~~~ ——--s’- 

- -- 1~~~ ‘~~~ 5%’~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 
s-

_
i ;~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~ -‘- - s_ f - - -



I

4 , ‘
- - - N . - “:~- 

~
— - 7

~~s-;~;~~~~ :7t , ” ,.T~~~~ CU ~~ -;- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘ 
. 

~ 5-’~~

- -- ‘ -~ ,
s :: i - - j  - .- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -‘ 5  - - ~~~~~~~~~~~~~~~~~~~~~~~~~ , ,,~~ , s-~~~~~~t~*~~~~~~~~ 

- 
_ _ _ _

PAGE D - 70

s-I

‘C
.1..) 5—

5’- — ‘C
fl -i L’S
_a~~ CD
—C L-I 5,,
‘-s-s s-_ i s-I

-4 -s-A

s-n __a ‘C
C,- .~~ I—
I s--s
59 5-
s--P -C C_i
_u t_
,g-4 ‘LI

—5 ~C’
I,) 7: 4,) 0

‘U s--si C’ C’-s,
a) C— s -j ,z: (-1

~~ (-1 0 ~D ‘C
C ‘-‘C (3 5’i C — s .)
5; IX (s’s 4) -CX C I’9 NJ I LI (‘s_a C-) Is-)

C 4-U U) C) IX c~._a ~-‘ C) LI ~~ C-) C-) ~ 2 —
0 C— (,,s —p ~, 4, 2’ 4”) .sl, ~ • • S-si
(-s) __) 5—, Cs-s. .is )s- ~ s is is C-) • —4 s--s ~~

‘4 5’- Ps-I .
~‘S -s,i C-) s - S  s-P .7 s--I s—C ~ ~, •

05 ~~ 
I~,) —P -I .s-I .~~ U I is a ii a a —P

C ‘C ‘CX a- ‘C u_a s--s -4 - P_ ’ _ • _ _  2’
‘5- 2: IX s_i ‘LI 5— t5~ is is a is • • • U

S 4_S C) 0.. 5- C-P I ~~~~~~~~~~~~ .—~~~~~~~~~~ — — ‘—5
515 s__S 5’-C U I ‘-5 -s) • ~) “I ~) 

s-S is
s- 

U- sC ‘C I’-’ C’- is is -is is is is_J 0 0 cz 5._I LI ‘ — ~~ — s—C -s5) _p ~~ s-s s-—P
051 4 ‘C (5. ‘5 —1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ is
(5) . . ~~‘. IX ‘C is •. a, o. s--s. z 

~
_ a-s a. ~~P

I- 00 ( 3 0 ,  C- 5--s -4 (‘s_a s-4 s - C N i N I s -s _ a’0 z z ~~ ‘— 0_ 0-s 0 0-s 0. (5. Os- 0
(_~~ 

U I is, ~~ ~~ is is, (S- is is is s-s -5,.

4 U N U s’s_i s ’s_I
I-’- ~ Tis ~~ Z (5. 

- — -, sis -s ‘~ s-s -, —
5—. (_, (5. C) 0, (C • “ is ) Cs is is
~~ z z s-I 5”sC I I s—P (‘si s—I is -4 ‘—4 5—4 5-—)

2’ ‘C I I — . — — P
I I- cl, 0, 4) 0-s ~~ 2’ 7’ I’S, (5.

‘ C - . ’ -  Z N J~~ . — 4 0 s - -4 s ’ s a N i 5 - s
‘ ‘C — C D ” ) O Z •2’2ZZZ2’2’>< 4-- I— i s i s  •~~~m 

I ‘C ~~ 5- -C -4 Na s--si ‘s-C

CD ‘~ ~~ I.) -.) _‘S (5, ~,I ~~ -~ s--C — — - i s —— — — ——
L’S —I z ,U 0. 0, ‘ + LI_S A’S -‘S 41 C’s U’S fl! si’s si ’,

(5_i U U N U IX — ‘C (‘LI (‘LI U 5’— s’C 5.’— C’-’ 5.— 5.— N N C’—
_i I U U 0 0 0 0 CD ILl is, 5 ~~ a- (.3 Ni is is is is C. is is s

~~~ 
5- — — — 0 0 VS .A Z 

~
)  ‘~ 5.- I’- N-s 4- 4- 4- 5”. 4-

: — 
5~) .~5 

_ 5-s
~) ~~ 

_ 
~ ~ U U U N 0 — 2 Z —— — s--S — isi “I U U — a C) ‘C

0s. 0, 0, (5. 4’ C- C- 5 C- 5 CD CD ‘C N ~~ Cs &, C) CD CD CD CD (U CD
a- 0, 0, 2’ 2’ :c 0-s a- I— 2 Z 0, Z 5- CX -~~ 4- NJ < ~~ ~ < < -~~ ‘C < ‘C
NI~~~~ 0 Ni a- N I .’C0 s - l N i C 0-~~~ LU si_a ~~
,~~~Z5~~~L~~~~ -4~ .s CZ Z Z 4 Z2 ’Z  IX ~ C) ZZ C D I X U - I X a - I X~~~~IX~~~~a,

0 Sn
-0 4-

. 

- * * * * * *  * * * *.

~~s 
~~ -4 Ni (C’S ‘I’ Sn sO 4- ~~ Q~ 0 

,C (S_i (CS ‘I’ PA ‘0 I’- ~~ 0’ 0 s-s NJ (55 .1’ Sn -C N ~~ 0’ 0 ‘-4 NI (C’S s7 Sn sO

‘ 
(s_ I 5-S’ 4’ 5? ‘.? -I’ ‘t ‘t .5’ ‘3’ ‘3’ .i5 Sn Sn flits N s A’S sN IN fl sO -0 -0 -0 -0 sO -0 ‘0 -0 -Q t’-’- (— (‘--- 5.—- 5.-. f”- s I’—,

k—-- - ~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

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



I

‘S ~~~~~~ 
~_

s
, -

~~.s-;-L;, .- is _a— i_
_
S s--s 0 4 ~~ ~~~~ ~~5. ~~~~~~~~~~~ is sis ~‘ ~“ 

“ *

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

~~~~~~~~~~~~~~~~~~~~~~~
_

_ _ _ _ , ,
1

_

.

_

_

_

_ j_ ,
~* ~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ ,-I~ i~
::-s-- 

~~~~ 
-s-s:- ~ 

-s~A

PAGE D - 71

-I- ‘C C

‘4 ‘Cs- s - C--
C )_ 5— ’C -CX s~.,I
4.5W 7~
—-5% Ci Os C—

I) VS 5,,)C)l.tI

C-) ‘- —

— ‘C L )  s - 5 5 - 5 - f 5 ,
C) 4— s--s I— 5/) (/5 U_a
—C C 5- 5’) s— P s-i ~~
P.— 

~~ 5/) ‘—5 ~~. ‘:1 l~_.)a s—, ‘~~ U,j U_i 1 ~~ (/5
s—C -P-s -~~ u_a C- 5— s~ .5 C— 4—
()_ -U ‘5_a C- LI LI ‘C .5. 5— .s~
Li ~,j 5— I_i C ‘C L . ‘CX s—I s--s

“ 5 ‘C (3 C IX ‘~~ ~) C iD C) 3
-A_a 5’- -CX lA -CX -s-C CD ‘)~~~‘5,
1’) 1 I tI U, ‘5-

C-_a ‘C t C-) LI 0 5- -I ‘CX ‘C-‘-s.. I -Ui ~ C LI _i 
~.I C- C-

G) ~~ C- LI C- U_a s_a_a i,_a s-si ‘C ~~0 5-
~ 

I ‘U ~.D > 0- L’s C 5 VS sO 10
C — ,— ~kT ‘3 0 ‘-3 U_a ‘ s -  -‘-5 C P I—

‘s- (4 C-~) .J 5~,J Os ~~~ I_a 5’- ~~ I— C- __ 5 _-~ ~A,A ~_i — — — —5-

~~ 
z .1’ s--i .2’ 2 (1._a C- 2’ I —5 < .2’ ,~~ -4 ‘--4 .> -s- _) ) _) )

0 ~ • s-~ is •5 is _)__ ~~ (‘S U) C’) _a,_ a _as - C’— ~~. s - P  5—s
S C-) “ •‘-~ L,_a ‘1 “P L.-sS ,_ I  5’.P :s _.,_a C-) -s-si Li ‘S, 5— 4— ~is _is __5 .is .~

‘—5- 2’ ~ I U U N - --s s-_i ..i_a U, ~~ —A, .—~ l’ - ‘5 ‘~ s~ 0. ‘— ‘) Q,
U ~ —5 _) s-_a .J is -5-’ 5- ; ‘C “-C _) ‘~ C s-S ~ -C I-P

~~) s--i s--i ‘--s_a .5 is — _i (3 s-I U -~). C-) __i 5-— 3 U 3,
-s- ‘ *5 ,) ~~ -5 ‘5 ,i_

_ _
-
_) — J ’ C 3 , -~

.4_s ‘ — —5 45 /5 is Si “5 es C Ci
I/S ) —5 5— is is S”P • s- 3’ U, ~~

‘I~~ •, • 5~,.) s-I s-C — — • -s_I ~ — 4_i_i 1,4, I_I s-_I 5’—’ s-s’C s-’P 5--s ~? ‘ )  “5 ~
-‘)

__J 
‘—P ‘—5 ‘C N N ‘ —P ) ~s- ~~ 

5—, ~~ 0 ~~~~~~~~~~~~~~~~~~~~ is .5 is is

C a) 5— :~ -
~~ ~ 

-
~ 

is- 2’ — ‘Ci • . ~ is ~ 
is s—i 5—S 5-’ 5-5%

1,) 2’ ,s 0.- is •s _is C-_a —s-i -s,A C-) -‘S C_a C-) C-) 4-s_i C-) “1
C- s-si NJ -s-S ~~ 2’ 2’ _J ‘C ‘~~ 2’ U ‘_i 2’ Z 4’-. 5.-P ~~ P-I ~‘C a- (5, is .Z Z
C’ a- ~~ Ci s--s ‘-5 C’s) C 5— C- Cs_a 

~Z 0 I,_) (‘.1 .—“C — s--sC NJ .3

4~~ 
is ~~ 2’ .~ is I Z 5— (3 j  a. .— s-si ,~.s I..) 4 * ‘-P 4 * ~~ ~ £ 1 Ci

— — 5  ‘~ c~ -
~ C ~~~~~~~~~~~ Z J C C  S- ._a Z~~~ . 3 _ a s s- 5’)

C I,— 
~
-s’ , ‘— — I ~~ I NJ C C- C— —  *

—P 
~ ~ C-~) -s~J 

_J — I a a I ~“ D C) is -s ‘ )  .‘i “5 4 + 2’ + + is
~~ ‘—5 ‘—5 5-C C) •~,,) 

-s’S U D C- C- •, is — is is’U_a _ _ _ :j: i. •, — — —5 — I 5’-’ C-.) Is. 0 4 is -‘5 0
.2’ -~ ‘-I s.~_) 3, ‘-. ‘-s — 5—i ‘- -s s—s I U 55 2’ .2’ 13’ ~~ -‘ - s—P “C s-’C _ a”P —C

“I S ‘si •“P • s- ,~ 3, S 5’C - (N_a

- 2’ s~ ~: — — 0, LI ‘ I- C-) C-) 5- C- 4— is is (‘s.j .-4 ‘~~ s--I N_a 
~~~ ~~ 

5_ S (3 (3
7< _~~~~~ ~.s.s ‘ NiU , (3 G S- Z3 ,  0, 5- 0-s 2 ZZO2’Z0.Os-”Z Z
5_,;s ,_ s,.) ~is NA 5’~ 5— 5— , ‘.1 5 ‘sI 5’- 5—’ I’- —5 s-s-I 2’ —‘s_a s--C .J s--s-C ‘
C) -5 — _,I -is s—C -is .~ 2’ .~ ~: 2’ ). 2’. Z 2’ Z — 5. U N Ii 2’ Z -) Z ~~. ‘

- ‘ :5 ‘-5- _,_
s C LI-) N U ‘5 U 2’ ‘—5

4.i.I C-’- 5.’— Cs- 0’ -N ~~‘ I U U N I is-
__j is is Li C is is 5-4 ) .is “5 ) ‘-) ‘) I ...i ~

‘5 ~~ 
N I’— Ci .1, I_a,. I-C_a u,a ~~ ~~ • — • ~~ —~ 

.
~~ 

_ _a (3
S 

C— “ -s-s 2’ Ci ~~ P’— — 4— - _.) C) ‘—C 5—4 ‘—5 is, s—4 s—-s ’—P~~~~~~~~~~5- —4 2’
5- ‘C :3 0 Ci

C) Ci C- s -_a I,~I ~~ CD 5-~~ Sfl C’J is. a~ a 2’ ~ Li C) C-) C-) s— —
,
- C si 2’ -CX ‘C IX ‘C 1 Ni “4 0 “4 “4 3. 0 5,,) 2 2

-5-_a ‘—5 Li ,I._a LI_a LI U-I s-sD C-) sJ ‘.s- ,5 ~is ~is .is .S N_a s--C C.) ‘-P NJ C)
3- a~ LI ‘~~ IX U- IX LI s ’ S CD 2’ 7 Z 2’ ~ 2’ 2’ 1 2 2’ C-s s-i

0 Its 0 0
~~ ~~ 0’ 0

s--C (—5’

‘ 

* * *

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ N~~~~~3 ’ 0 ’ 4 N im ’ t
~-s ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~0 C i 0O~~~~~ C ’ C s - - 4 .l

s—C .-4 s--S ‘-C ~4 --4 s--C s-’C .4 4 ,4 s-’4 -‘C ‘—C ,-C

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
S 

~ 
‘.  s - J~~~~~~~~~~~ 5% •



- - - -5 - - -  - 5 . - - 
5
’-’

-‘ 
-. ‘Xis “L.-ss ‘-~ ~ ~ 5”' ~~~~~~~~ s-si’~~’5 ~~LI ~.4 i. ~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_a
’ - -P - - — 

,
‘ ‘S

PAGE D - 72

C-
.1 5-

‘ 
_.4

__J 5-

is
5., (

~i-is ‘C Q.
-P 4-—
— ‘C S 5 - ’ C~~~ A_-I
S__i ~) ~-s —LI I ’ ‘ S I,_)
_a- -J .__ a -5
I-_I Is’ U) ~,,s~~~ ,I I-ss
sT s_A ,I -’ 5 ) ’ ._)~~~~

,-sI

+ ‘C Ls-)__ 5 —

~~- — 5— 1..) 5._I 5-U.

‘-5 4 ’s- I~_I~~C C
—5 —5 -s-I (_IC  V 5. -I-

a) — ‘4 ‘C ,* i ‘~~
0 (~ C-
C , C ‘C CS— ~ ,I I.S_a S~LI
5’- ‘s-P 5-
~~ 2’ C_ a . U” - 5 % s-’ CX

0 
_.L 1,5 P’ 5- 5—

C-) + (‘5
-5— 2

—5 sI_a

~, -5 5.3 5-4 __4 0, 2’ ~ I’-

5’ - 5— — —— ~~~~
— 

~~ 
LI I

4_I C-) —P —4 ~~i 5’—I 4—’ g ~~ l,4~ 3, C_i
vs C) 2’

~ 
-‘— .7 I__I (~_i ‘—P (3 C-) l,Li U U Is
_J C— C— “ 4 4 C-) . . — —a) + 2 2 C - ) Z Z  IX .0~~~~~~

-s’ ‘-5 ’-)

0 ~~ ~~ ~— ‘.1.4 ‘-s) S__a ;‘ 2’ ‘-1 is is
(5, -5” 5-. —5 5_ ‘5. 2’ “- — 0~ 5- 2’ ‘- 5- -5

5 ~~ 
5-5% — ”- 0. -.) .LI C_a. ——

1~~ ‘ C-) LI • • “ • • U 5— C— C— C— ~: -sU < ‘C Z 3. 0,
4_i 0, Z Ci 0 0 -.3 5- — Ps- 4- NJ ‘C 5— 4’- 5-’) Ci NJ ‘-C

C-- ~~~~ 5-~~~s- .s) 0  • ‘ J -s) S 
~~~~~~~~~~~~~~~ 2 ’ 4 ’ - - _ a ,~~~J-

-5 -55 ~~ )~ 
, I -‘—5 .4 —4 ~~‘ ~~ , s-_ -S. .s5- 2’

IX 2’ 0 ‘ s-i ‘-s ’s s--si 5s-i 5 C  NJ ‘. s,, ~~ ‘
s ‘~ I 5- IL,s_a 

~~~~~~~~~~~~~~~~~~~~~~~~~~ — — — — s
~~~~’— ‘S_ I U IS I

4’ (..) C- ) — L i I,, J~~~~~~C )C )  . 5 ” -s. . . N 
0~~ Q~~-52’  Z s—’I (L, 7 I oo  o o — - s — — —  CA.~~-) L I — —

. — - --C ~~• ‘-“ I 5.’P ‘ 5  ‘—5 NJ “5% ‘ 4 N-i I— — I Li S’S • C ) C) ‘) ) ‘) ) 2’ ~
‘ 7 ~

5< 
~~~~Z (3s~~~5~~~C)2,~~~C .-4 --si O -s . ‘ “ ) — —

-4 — I,,,) S-s) C-) C-I s—P (_) I_I 0 4— 4— .3 3. 5— 0~ 0, 5-5, is is I), 3.

c~5 C-~ a- 2’ A-s a- 5— 2’ Z 4 4 ~ + 4 Z + 4 (5, * • s--I * 0 3. 0,. 0, 2 0- 0-s ‘I-
3, - (.4 ‘_a ,-,J —4 ~_I I -s) 5’s_I ‘sj p-s. s— --s NJ s--I ‘-‘C .J s—s

LI_a ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0, ~~~~
4 . - s  ~~~2 ’2 ’2 ’u ,_i 2’ 2’ 0, (5. Z I’ 3. 2’ ‘~ , (5, ~ .7 N N 5.’4

.‘ ~~ I Is S I U a (-4 s--sC C— —5 (-.5’ 4’— 4-’ C- C rssi s--i C— s—C NJ I U N
~~ U N ~~~Z 0 Z Z— ,7~~~~Ui Z702Z

S~ 2’ .3 —s_ a Z Li-
-5 —-5 N I I U U I 2’ 4-- N U U U C-’ u) Ci ‘ _ a  )

5 - —I N S S—s .‘S • Ci (‘S 0 -s
__ U) C-) C-S (s-I ‘. - C-) I.) 5-’ C— C- s- p--s C— 5- .~. s - s  s—-’ s— C- sU. Sn .1’ ‘ ~~,_a S , ,z a , a- ( 3Z z 3 . 0 , 5-2 ’ 7 A _ - 0 , z 2  ~~ o,, o-~~~~~~~~~~z L 3 . 0,
s—-s 5-— 5— 5,_a ‘—C (-s) ‘-4 I’ s_I N- s-’4 0 s-i (‘sA C-’ C-” 4’— 0 CD .“.~ .-‘I I,) s--sC I’~-.L C,) LI C — 5--A ‘-5%

2 ’ 2 ’ 2 ’ _ a U~~0 , 0 , C S , 0 , 2 ’~~~~ Z Z 2 ’ Z L 2 C )  C) ~~~ u Q Q , ,_a, C-)

0 0 0
s-i 0 0’
--I SC_S 55’5

* *.

-
5 

L’S 0 4- a) 0’ 0 ‘-4 (‘si to 4’ Its ~O 5.’- s~~ 0’ 0 .—~ Ni NJ ,t Sn so N ~~) 0’ 0 .-s4 C’J NJ s-I’ Sn sO 4- ~) 0’ 0 ‘-4 (‘J
‘l s’C s-I ’JI’s J N i N J N J N I N J N J N I N Im m m m m mm t om m  ,I’ sr4 -.5’ 3’ -7 4’ -LI’ -1’ 4 ’4 ’S S n )

-4 —C -4 —4 -4 .‘4 -‘4 s-sC s-C 5-C —‘C 5-4 .‘-I .-4 -4 -C —4 ‘~~ s-C ..4 ~4 
s-si s.C “I —4 s--C ..I s-I ,4 s-C “4 ,4 ‘4 ‘4 “4 s-4 .C “4

r

As

~~~~~~~ 
5 ‘ -5 ,’-s~~e~~~! 

- -
~~~ ~-s!_ii ~~~~~~~~~~~~~~~~~~~~~~ .. ±:~~~~~~~~-~ 

“
- 

~~—-- ~~~~~ - -----s-- *------~~~---- - s--~~~~ - ..,



,..--
-_________ _ _ . , ‘

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

-- - -s-. -

~

- —5— - — - - 5-  

~~~~~~~~~~~~~~~ 
-‘ -. - - - - -s-

~~~~~=,=-s-
--s---5-’--—- - 5  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - . - ,i

~!P~~~~~~~ •1

PAGE D ~
- 73

-)

‘Ci
L

— U
_5 LA 0-

0, 5- 5-

I- U’) ‘-5
Cs_a 5-i C-s
C Ii ‘.4_a

us w U) 2
4 —P 5— .3 —‘ _) 0

‘C C-) .t s--i is) I,) IA’S
— _J-s ‘C Ni ‘— --4 2’ ‘—4
_5 5_U

_ 
5 4 “4 —4 ~~ —4

— -5 -C X C - )  Ci a
3_ .5 17 is --si,s is C-
.2’ -4 LID 2 VS

‘0 ~~ (5- (3 0 1,)
a,) .2’ I L s -s-s -/1 l’s) /1 .1 5

~~ LI (s-_I 1’S ,-s4 5-555 -4 5.~p -s-S
C ~

, -CX -4 — 5~54 s-C
‘
.~: ~L5 LSs- V4 ;i ~ 1
C ~~ 

4”—• s-s C- is s-— is

0 -sW) -‘5’ U- --sCs C-)
C-) — -is -5 — 5— C_i CI .,U - a 7’ 0 7 ‘5
5—’ —5- ~ 1 ~

‘) -s) -
~~ 1,5.4 —4 ,~i.i I’— - ,u C

5.) is— 5— -5 5— — I_ ‘5: ~~ 
s—I cs-s “-5 C_a s-si

C 5-a’ ~, Q~ -5 LU~ 0, 5- 5— IL- .‘-C 5 s-C s- s--I

‘5- -5 — 4— 4— - C- 5- CD c-sD ~U VU L’S
55,55 -s) ~~ 4 7 2 0. r z 7 Z -is s-s
U, • • —is 5— C-- U_i u-si U. VI

5 -5— — 5—. 5—I — ‘-S ~“5 ~ “‘s (C ‘s “5 LA’ IX LI CI’, 5-4 C) to s--S T) (“A
-s1 

~~ ~~  C- C- 2’ (‘-_i VI (‘S VS .45

a_A .5 2’ Z — Q.~ a. • • ~~ • • I__a-I VS U,A • 1.5_i s--i I ~.I’J s-I I
(5) —5 55_4 CsJ Ci a 3.- 2 0 0 1,) C) Cs I ‘—4 I ‘—4
~s-s ,,~~ ~ ~ 

,,,5 0, s-sI --4 ‘,) S_S • 5-.,) C) VS VS 4 ’ ’  * 4-- —~ I— —
C’ ~ ~ , .C -~ - IN S I .~) 2’ —4 —‘4 _a..,~ ~-4 - -1 s-’ 5—P IL, c) •- ‘--5 (-s,S is.

vs ~ ~~ C’ VS U) Z — a, — 0,

7’ + + is + + 4 4 —4 • * U) U.J C) s-s--s 5- ~0 C-) ‘5— I-’) 5.3

I + I a. I C-) I (‘4 3 k . .2’
5—. + —5 —5 0 C- .is —I C- C) s - C  5- ~ ‘5 s-C

4 ~~~ —U ‘~) —C —‘- “5 -s
~) 
‘5 ~~ 

___5 s-S ‘S l_
~
) --si,) *4 s” Z U.i C 2’

~ : 
— —‘ -5” , ~~- is is 0, I 2’ 1 I

-S 3, (5, — 0, Q~ 0~ 0~ -‘5 a- c_a. 5- 5- 5- C— ‘s- s- 5- s

— 2 2’  . 3 , 0 ,Za , U ,’ - ’ - ’ 2 ’Z  I ‘-~~~~~~ I I
‘ SU, ~“4 —‘S_I ..As. NJ (-s_I NJ ‘--C U_ s’—si ‘.3 -‘45- U_ 5 -4. ‘is

~~ s-_) 2’ 2’ ‘ -‘A 2’ 2’ 2’ 2’ C) 2’ 2 —I P N -s_a ‘—4 ‘-4 I-s-P 5—I —4 ‘-P 5—P —P

; I 2’ ~-s)2’ ~C i z s--s. — - —  — —

CD N N ~ N U N ~ • N r— “~ 5.-C C- U_a N ,_a_a C-) Li U_a LI C)
I s~ 

N 4.4-i ~ N N -i_i .1’) Z C-) Z 3_ 2’ Z 2’ Z
LU s-~ ~~ 

j  ~~ U_a 0 0 ‘s_a 55% 0 ‘-5 I- ‘-I -C NJ
~~ — -S ~) ,~ , -4 -is “5 -s) ) s-S — -‘5 

~~) ~~ ,L~I ,.C (‘4 0 CD U) 7: Z ‘i F .2 7 7-s 2’ 2’5 
< 

-s5 — — — -4 5-s54 -4 I-P 5,, (~ U’S 5’-’ IX IX a-
-s I— “— ~~ (‘.5-s s- is- — cl~ ~~ 43, 0~. a- 0, 5— 5- U Ni s - ’ I .J 11.4 C-) 54_i U_i

—U-- 2’ ~: z ~ -s a,. 2’ I), 3, (5. 7 2’ . ‘ U Is 2’ -CX ‘C 4— 0, C- C—
~ 5,) s-s NJ 0 - 5— C- I-’ Cs_I s-sC I~) s--I NI U ~~ ‘Ci C) Z i-a-s ss- I/S usi U- U- ,LJ ,U I_a,

4 2’ ~ L C-) S-P Z ~ ,~~ ~;s, U- LA, LA, 3. C) ~~ s-,J LI ‘C c~ CD ‘4 CD s - i  — Ci I-. i-s CD s--P “5%

0 0 0 0 0 0 0 0
0 -4 0 0 s--I C”IA (fl .t
-5? ‘7 .A sD ‘-4 s--i .- s--4

— S’4 ‘-4 _ .-s4

* * *  . * * *  * * *  * *.

- 
- 

(fl . ?Sn’O N~~~ 0’Os-4t’Jm~ t S n s O 4-~~~~0’O NIm .ru_S -OC’-~~~~e- O .-CNIm~~r itssO 4- ai U’-O
. 4’S S n S n S n S C )S(_S 4’, .0 ‘0 .0’S_i ‘0 ‘O SO -4J .0 ‘ 0 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 -  _aOU)sOs.&ja~~~~s.jp .i. Ii p s-J.

C 5~5~4 s--C s-C ‘-4 s—i —4 —4 s--i s-C s-s4 s - 4  s-4 ‘-4 s—C ,-4 s--C -I s-C “4 s’C ,‘C .‘4 “4 s-’C s’l s-’C ‘C  “4 s-C s - 4  .-4 -4 .-s4 s--C ‘-4 s-C ‘4 “C

_~~~~~~NIi ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ -
~~~~ ~L

-s
~3 ,.~ ~ I ;,:. ~ ,_a , .~s- ~~~~~~ ~~~~~~~ s-r .5~~~- ‘— ~~~~-~~.- ~~~ ‘- -s i- -

~~ ‘- ,,
5 

5’ 5L s, -4 ,s-” ‘5, .- 
-~~~------ -- ---- -- - ~~~~~~~~~~ — ~~ - -s-’. -‘ --s ~~~~~~ -~~~~ - 

5- --~~ . —~~-- - . - .— - -s -



r,~ -‘-— —‘--- -‘-s— --- —5------- —--~----s-s— —5-- -s-—~~~~~~~ -5’-’-- - -5---- - .- - —.5----- —-‘---r- ’s-s-_ 
~—-s-- - ---- ’--s’s-— ~~~~~ . 

~~~~~~~~——wc’s-’ -
~~~~~~~

-
~
--- —

~~~~~ 
‘ffi~~~~~~~

PAG E D - 74

Li-

I-.

5-

-4

VS
‘-.3

(-5 (5, Ui U)
> -.3 Ci > 0
-5% 0’~ s.D ‘-4 __) 5- C”,
C- —4 ~~ Ni (‘.3 I— NA

5-. -‘-4 CD —C es-I C s—P 55-

vs IX £ ‘-s-P (3 V_I

“S is — •5 Ci _a_a is

a. Vs i-s •. 4 0,
— 0 0 CD 0s

~~~ 
I_a’_) 5Y’ VS s—C U,i s_I_i s.) VS 5’— (/5

:~ ‘—4 s—I s--sI s’s_I 05 i: ,~~ s—’ 5~
I,â s~s,4

C s-C s-C C-C (NJ s-I
‘5- 1 ~Z U) V’S s—s .L I
-

~~ 
C- ~~ C—’ is Ci 5-’ C- is 5—

0 (~D Is-~ 1 is’ CD

C C-) .2: _ __) .2’ (.4 LI .5’ 2’ I-)
—5-- 5-- Cs) i-I Ni Z La_a 0 U_a U~s (LA

A- C’s_i i~ (‘U 0 0- _a) ~ -.4 x
~~‘s 5-’ s--S C— s-C LI _a NJ 5- s-_a I-’.

5-” VS (/5 2’ .3 s—I ‘—‘S VS

4-’ — — 5- -is

(‘S ‘ ‘S Sf1 ‘ i_i — VS ~55~)s- S.—. Q S~S
-S 5—-si L,) Ni (“ I LI —4 0 •‘ I -5

_J VS 0’ VS —4 5-. 2: IC) VS I’-~ VS

5 a) I-S-S ,—C I u_a (NJ I LA_a • U,. (“55 I —s

C) I ‘-C ,j s-i j~ 10 I .-s

C.- 5— -5 C- — C- s--i • ,— —

0 __S is ‘5- _i is s-’C C) ~, .3 , s-—s
1~~ 

(U, -~~ cU~ — Z 2 — 0, — (5-

)- CD C-) 5’- (~S C-) LU CD s-s ),-s 0 (3) 5-
is-— I ~x) ~2’ :1: C) (5, IX (U ‘~~ ‘t .0 Q~ I
-4 s--C C- (-‘4 s--C C- C__I r’~i C--
Ci: —5 5~ C ~Z -~. —4 Z -s’S ii C- Li.) “-‘C 2’ -U
LI-_a .i: ~E i: 2 I 1

C- — “— C- — s,, V~S C- C- — ‘is C-
5-4 I

‘ -si_s ~
is s-is LA~ — ~~ 

— _a’S .—4 U~ ~,i- -5 -5
)< j , , ._ 5—s s-s-C —P -5 ‘-4 5- ‘-‘C (“S .s~s --s-C 5-C NJ 5’C 5 ‘l N

:i 
5-

;
” Ci I,. ) ~~~ ‘~~ 5- — (3 5 .3 I Ci P-I ‘ CD

CD 0 a c . C) C) 
~

, (-s_i C-) a CD N C) C- N 0 ~~~ N i_i_i C) (-.3 I C,) 4.4_i
i_ _C L’S Z Z Q~ ,~2’ a, a, 1(5 .t-S ,J U’S Z LI Z ~~-s Z 4_S Z

L.i,j ~~~ ,.—s — ‘—I 5--si 55— 4.~
_ C-—i ‘s-sC rI~j  5-S -5 ‘—4 a-_ s-is .—I 5—i Q — 5—P C— 4—’ s-s—C 5-_-5

_ _ i  —5 —5 4-- z ~: z .~.: 2’~ ‘- -si ‘— >- s—P 7: Z s-s-4 7: 2’ 2’ s—s 7:
C~ _ -~~~~~

_
~~~~~ a- a. — C 3 — 0  2’ — 0  a- — a- — C  a-

4-s:: ~~ r- LI C- s_i_i ‘- LU C) C- C) 5- C) C U_i C-) .
~~ C-) C-

A 3_ ~~ C- C- (5. (5. U) (5, -5 0, 5’- (5, 4—

0’ LI s~~ C,S -s 1,4, U~ LisA U, Li- a- CD LX L’S I ~, C) u_i U- s-_al U) U-s U- a- C) uJ
-4 (,D IL,) Ci -4 ‘s-i CD -~ -C 5--C (~ 5-i Ci C- 5’ C ,,~J ~~~ 5-4 i—P ~3 C- 5 s-s-i (~

0 CD 0 0  C ) O 0  0 0 0 0  0 0
_LSC ,0 5.-’ a) 0’ 0 s-I (U (fS .3’ 15 sO 4-
s—s s-I ‘-‘4 s-’C —C (‘55’ (sJ Ni Ni NJ NJ NJ C’s)
‘-4 s-C s--C .‘4 ,“4 .4 s-I s-s-si s - I  .‘4 s-I s-C s--I

* * *  ..* * .*  * *e  ,.*

5-4 (‘s_i NJ -5~’ si’S sQ C’s- I~~ 0’ 0 s--C (NJ (4~5 J’ IA sQ 4- 5~~ 0’ 0 s--4 (‘5) c~-S ..t ~~ -0 1’— ~~ 0’ 0 s--I (‘4 NJ 4’ U” sQ 4-
,. 

S Os 0~ 0’ 0’ (1’ s,J~ t3 J’ 0’ 0 (,) ~7 .,) 0 0 0 0 0 ~~ s--C s--I ‘-C ‘—I s--C ‘—4 s-I .-l s’I s-N NJ (‘sJ (“5’ (“s_i Ni (‘4 (55’ 5”.) NJ
‘—C ,‘4 s—sC s-’4 —C ‘—C —C ‘—C s-—C (

~%~j NJ I’ I NJ (“s_I NJ NJ NJ (‘-5) NJ (‘55’ (‘s_I NJ NJ (‘-.J NJ C’s) NJ 5%) (‘.5’ (5) NJ (‘sU I”,) (‘sJ 5’s_I fl_I (“4 5’s_I

As

~~~~~ - - s~~, 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

4 

~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ ~ “---‘ ----— ~~~~~~~



- s-- --

~~~~~~~~

5-’--- --- - -,- -

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

-

~~~~

- - - - -

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

-

PAGE D - 75

U_i LU
I) J ~~ U -;~ ~)

C) 0 ‘-P .3’S 5--sC (I) U) S

5 5’) 4_ 5— to 5-, ‘5-5 5-.

“I - —C -C -P —5 - -C
I,) U) U.S

is is ‘LI is C) is

2’ 2’ 0- fr-s
—5 0 ‘4 0 C) 0 C).

~~ 
.3 ~.A,i U_a I-fl (/5 i’s /5 A) s_a

Ci ~~ -~~ _is to —5 in ‘—p NJ 0- 5-
C ~~ s--se s-I s--sC s-si S—P I
‘s- VS (‘1 .1-s I U)
.4_ S • Ci s--sP • 4— -5- 5_ is -s_i ,AJ
C 

~~ C-) .3 -.4 2
(3 - ‘S LI —I 0 z -)  2’ C.) S..)

‘—5- ‘ —5 .2 -U C’-) LA_a A) .4-s 0’ 2’
1’S-S s- ’5 0- (5’ ,

~~ s) ‘ sC 1~) ‘) I—’ 2’
0’S s--si C-) ~.A_a s—s Cs— -s-si — s—C LI A_ LI-C 

~~ -A U) (,1 .5C I a-
.5-si ~~~ 

4’-s4 — -5 — ‘-P C -U .

id-I .1_a ~_a~) (-P5

s- 0 NJ U) C-) U’) 5—P (3 5-~) s—4 C.) (S’s Sf4 I_a_I Li-
s-U C-) s--s ~L N V) Sn U) a-’ 5-P (3 5-4

‘ to I U_a • U,4 (5%-5 I ,~L_i I’~5 I 2~
C-) s-C I CD I ‘--. .)L ,—C I U) Zp s-s. — C— s—s -* — C~~ ~~ 5— U —.
0 is ~~~ L.’S U, , .3 is ‘—i 1.-sI *s 5 ,‘S
0 — ~2’ Z - Q~ — P — Z U,~~~ ’sSf) C-) (,.~S U) CT5 ‘—s 5— 0 (.5 5- ‘0 a UI 7 5—P

C I— ~~‘ 2’ 0, C-) Z -7 0, t N Z -~~
-5 s-’,j C- C— LI I’5) C- Cs’s I—’ C- c,~) IS ~~~ —4 .2’ ~‘i -.1_I Is-- U_i —I 2’ s,4~i -C ~2’ ~‘S
LI_I t 4 .L~ k
2’ -~ ~~~ C- — — ‘is C- -is ““ - L’S Z 2’

—5 I ‘-5% - ‘5 ._a

‘ — — -Ps) s--C 14, 5*- ‘~~ ~~~ I-s-s — — .fI s-C ,~ ~>< ‘-5 —P 1”-) ,,I_a —4 5—4 -5 I,) ‘—I ‘—P ~~~ 5”— ‘—-P “5% 5—. s-n .&,i —4 — 5— s—l
5-s—P — ~~~ ~~ ~~ 0 ‘-s-I ‘~~ — 0 — — CD I Ci .‘ I VS

4 C) C) N 0 5— N 0 Ui N (LA Cs-) LI N 0 U_a LI LA N 0 C U 0 N
-P 

CD ~~ ~ , ~~~ ~~ 
_A’C Z ~) Z 0, Z -f’s Z Z -~~ .1—C .3 4’) (/5

U-si C- C’- ‘ is-C 0-s s-I C-S 0 - s--s C- C- -is s-si s—s C- C- s-C a- ~~~ s-si -~
s-U ,2’ Z C-s-s. 5- s-s-P 7L Z P 7: 2’ Z s IT ~2’ 2’ s-s-s 5- 5—, s-s

~~~ 5- c’S I — C) a- — a- C) ~~ — C) I — CD ~~
~a: _ i-s_i 1 ’ (-sI C- “~~ (-s) .4.4 5- — C-) C- -sLA s (3 C- (3 5- is (.31— 

~, ~~~ 0. 4-- (5, C- 0, C- (5, U) 0, _a_a a,
C .4. -s a. C-) ~i: IZ ~~~ U,4 5.4, (/5 LU sA, IA,, ~~ C) LU Ls~ U- a- C) I s~~ C_i .1 (/5

-5 5-4 s-I -sc) C- ~-P (.~ (‘3 -4 -4 Ci s—s 5-4 -4 5,0 Ci s--si 5-P 4—S ~~~ C- i 4  (~ C- 5-4

0 0 0 0 0 0 0 0 0 0 0 0 0
Co 0’ 0 ‘-4 1~-5,I Is) 5,? It’ s .0 5.— a) ~~ 0
(5,_i 55,5’ (I’S Cs) (5-b NJ to m s”s to sis s~s
s-I s-’-C s-s-C s--C s--C s--i s-’C s-si s-si ,.4 s-~ s--I

* * *  * * *  * * *  * * *  .* *  * * *.

- S 

0 ’ o N Jm s O N~~~0’os-4NJ m .i’Sn’0Na)o’o -4NJ m .J’s N s O N~~~0’ 0 s--C r-,~~m4 ’  sj”s ,O
-~~~m m m mt o~~~~m m m m. s ’.?-,t.,? ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~‘ -0

S
_ 

, (--5_I Ni NJ N,a (‘4 N) (‘sâ (‘4 NJ NJ C’) 5.’) NJ (“s4 (N_i N) (‘s_I NJ NJ NJ N) N_I NJ Ni (‘5’ (‘4 C’) (‘4 NJ NJ NJ NJ C’) NJ NJ C.) NJ 5.55’

~ 
¶E—

lid ,-s~~ 
!T ~ J~- ! ‘ ~ ‘~~~~~~‘4~- -.: ~~~~~ -~ - __~~~_~~~.is 

~~~~i
’5-” (ii- .i~:~- -~ ~~~ 1~~~

C 4s.s ~~~~~~~~~~ 

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

t~~, ‘~~
‘ ‘

~~~



- -- -~~ --~~~~~~ -— - --- - -- ~~~~~~~~~~~~~~~~~~~~~~~~,IPI,_- _-_-__s - 
~ 

—_‘-.-s’ -.—--s---——— — - ----- -s—-s—_a- ,-:-~~~~.::::. ~ ~~~~~~~~ ~ 
-

PA r1E D - 76

U) - I

0-
‘—I s--I

—5 4—_ 5-

(SC C)
U)

I_a_a LA_I 2’ ‘~ a-
C-) LI -~ C) .,) ‘> --s~ ‘—I
5-” -3_ 5-1 m •0 .N 5--. 0’ C-) —4

C- 5.’- I- .0 ,L .4) 5- -C) a-s, N
5___) . -4 -‘1 —4 ‘0 s-S 4 5- (‘ 5 “4

‘ C O  C) 0. s-’S
3. -s~ .5 ‘54_a .5 C— is .TJ is C— is

3 . 1 0  2’~ VS 0. 4/)
—‘—is U- C.) 0 0 0 C).

~~ ~L C- s---sC ../5 Is) U) L’ s s/’S 3’ /5 —4 ,LA

:s C-.’ “) ‘A_i 5-4 ~O 5-4 L~ 4_i 5% N’-

C ‘CX s-C s--C s-C s—C s-p
.5- I,U -~’S I. ,1,. I ,1~ (/1
.5_i _ -5 4— is C— is 4-’ ~ ~— •
~~ 

U- (‘S C--s ~U C)

(__) 5 - .4 .U ( ) ,7 0 2’ 0 .7 ‘L’S ~ ‘S C-)
-.--- - --I ‘—C U) N ~LJ -0 Li to .1,5 (NJ

I -~ C) IX -0 IX 0 3, t~— s 5.’- C)
05 C- .41 5-s-C C- ‘—P 4’— — C— s-s’s C- ‘—i

‘5 C-s ._a 4,1 U) (/1 VS 7’
-I-) 2’ — — — — — s—I

I,s) 1-4.1 - I~5 I.” ) -‘5 Is”) V’
- ‘-5 (5. ( .4 ‘-5 1 ‘—P s- ‘S 55) -5 Q NJ 5” (3 is’s S_ P C) (NJ (/1

‘ 5-i C- .4L Cs_a VS (P’s V’s sN 4/) a vs s-I s-s-s

a) Vs ‘-I-- • 4-A-- I .4. I u_a sQ I w ,rj I s i i  C”-. I
C-) CC 1 ‘-C I ‘--‘~ I ‘-I I ‘-4

C- ~) ‘—-s * C- ‘-“ - C- 1 ‘ 5- 5-
Ci —5 ~.A_ 3 is ~~~ ~,_a is .“ .3 is ‘5 3 is ‘ C)
0 (/52 ’ — 0. — 3. — -3-s — U, — .2’

VS .
~_a . p_

-s ‘-s 5,-s ‘5  55% ‘s— ~~ 0~. 5-’ 5~) 0,, 5- Ci (U U)
5-, Ic-si ~~ I C’s_a U,, 1 -~‘ Z  I X ’ 2 ’  1 03 -  0,

‘ ‘—5 I— ()_ ‘-0 C- _-~) “—I —0 5” 5’— s-—s C-
c2’ -,_J u 5— ._a.i - C 2’ s U s—I 2’ s-s s—P s-s-C ‘~ .“i .2’ U)
U_a a - s C  Z .1: _I. _U_
2’ >-s s-~ C- — ‘is 5- — 5_ C- s-s ~‘is ~~ s L’S

1 I -5

-4’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5/5
>IL ) ,,I~s “-

P — —4 s—si —5 ‘-5 5-s-I ~‘) ~ ~ sY~ C— s—s “5 ~--sP ‘5 0 ‘s-C (/5 s.J
—I 

~i: -s — — ,- — 0 0 — C) ~.3 I5 U 5— U~I ‘ 0 I_a-) 0, 0- (Ci a~ a- a o a 0 u_i a- a. i_a_a ~~. a. a 0 a o C—
U_a 2’ 0- Z a,Z Z ZZ C) () 7’ Z 0 ,  2’ 3 , 3 - s  3 3 CD

-P I_ssi ~~ C~s —s_ a ‘—5 1,) ~~ Is—i C- 5- i’s s--sC (‘s_I NJ l’s) s-’I C- C- I—. s—C NA Ni is (‘s_a (5..

s__i s-i Z U) ~~ ~: “1 7: 2’ 2’ 7: 2’ 2’ ‘ )  “7 7: Z Z ~ 2’ 2’ ) ) 5-
La — 5--P 5- A_i, is- ~~ 3. * c_i — C,) IX 0, — CD — C) I
< LI I- ,,,J us_a — s~- LU ~~~ LAJ 0~ C- ~~ C-’ U.~ ‘ ,,s_a 0. 4-’ 3, 5-

3- 2’ ‘C C- 3-s C- 5- a- a- C- C- a, Q, ~u
a- ~J .2’ ,_a~ Li- VS LU U- U-s I~~s I~4-s U- a- -s) 1k 4,,) _aJ U, IA-s U) ._a L4 a- Li a- ~J -si:

:T -5% La < C) C-i —5 C,) 5-P 5—P CC 5 ’ C  I—’ s—sC ç~ s--si (,~ C) -4 —‘P (~) -5 ~~ s--C S.D “‘P (3 5-

0 0 0 0 Ci 0 0 0 CD 0 0 0 0
0 .-4 (‘-s_i (S’S 4’ 4”, .0 5.- 15 0’ 0 s-I Ni
.4_S -0 ‘0 ‘4) -V -0 ‘0 -iS .0 sO I’- N N
s--I ~~~ 5-I 5—C -4 s--C ~ C s--C “C s-C s-C s-C s--i

* e * *  * 4 *  * * *  * e *  * **  * *

5’-’ ~~ a’ o s- -s ~~ NJ sst si ’s ‘0 N ~~ 0’ 0 “4 ~~J 555 4’ II’S ‘C 4- ~5 0’ 0 s4 NJ Cs) 4’ Sn ‘0 4- U) 0’ 0 ‘4 (‘4 m ‘7

55,4 (‘.,~ 1’_ I NJ NJ NJ NJ (‘si NJ NJ NJ Ni NJ NJ NJ ‘sJ (5%_I NJ NJ (‘4 NJ (‘5k C”) (‘4 NJ N_I NJ NJ Ni Ni NJ NC NJ (~) (I’b ~~ ~~ m

A.

I

~~~~~.4_s-~& ~~~~~~~~~~~~~~~~~~~~~ “~~ t~ ’~~~~ 
“s 

: i ±~~~~~~~~ 1~~~~~~~~~~~~~~~~~~~~~~~~~~ s- . -s ~~~~~ ~~ - ~~~~~~~~~~~ ~~~



r

--- -—-- ----- -s -s— -s- --5--

~~

-s-s--- - - - -  

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

- --- -- ---- - 
- - -

~~~

- -‘
-.- -

PAGE D - 77

I

L Us I-I ’ I-A_a

~~ —5 “is ._., 3 -sA. S_A

F 5 )  s-_I ) ‘—I ‘C) Is-I s—i

I Ni — N 4-” P ‘3’ 5— Us
5.-_ (1 -s~ 1”— ‘‘ i .5 5-P C -.‘si

.4 s—P C-.’ ‘—5 5_s) (3
A_’ ._.) _ a J  

s_
_a • is I,LA

—P is, 2’ s-s 0. ~~ z
,_) C) ‘C L3 C)
-5- 5 5 5,’) CD ,~‘5 0 LI_a UI I-fl VS si)

—‘ ‘- S ‘S —4 N —5 _ _5-_, 0- ~ ~,5.C 5-s’s .U
‘

~~ 
N C”- s-s 5- ‘--I s--si

:s ~ 
S 5-s-s .A-s .~~ _i. (5__) (/1 I

C s-P ~~ C- is Ci s—s is C- is
‘5- S (3 • Ci ,J (3
‘
~~ 

—I 7 - -s’S ~C ‘,-; C-) s-_ i ~) 2’ L’S
0 ~ , ) S I IL_a -S .~ ,s_a NJ .4_a ~LJ
LI ~~ - S A_~ 5.~ ~ 

_ r _) 5- 5 0- .0 3.
-5-- -s N 5- —5% 5- ‘--5. C-~s 14_a s-C C-’ s-’C

5’ _I .—C I/S (/1 2’ _,i VS

~A_ 0) s-5 ~~~ 5-. — —

I 
C 

-_a — _ —s I,”) U_i 5.”)
F .4-sI C.) 5-’ (3 to s--s 0 NJ U) s . _i ,‘~ C’P (-, ‘5)
r . (/5 z ~L~-s U) 5.’- -sf1 Ci s- 2’ N U) ,l-5

r~ 
s- U.- • li_a N I i s-’- I S • (i_i Q. I

s-__I 
~~ .z, ‘--~ -sC s-s’s I Ci I s-4

- ~ ~~ :~ ~~~ i s;  : •; ~ ~~ 
* s--

C- 2’ ci, . a, z Z — a, —
0 5 J —5 55.. 5”) a 5— (~5 /5,. :I S 5’

~” —5 ‘5-. 5-5) a-
0 

~~ is- I ‘0 ,U-s I ~~~Z 4 C-) I -sJ’ 0,
- - 

VS N N ~~ N C- C— s,L t
1— -~ I-’- -5. ’ ~~4 Z .~I) - --I s-~ -,“ s_a_a ~~ ..u s--C Z

I —P 1~ ~_ I L I z I
a: p.— .— —5 5_ 5— — s” (‘5 4— C- ~~~
LA_a I -4 I
2’ .

~ ~~ .A__ ~~~ s-’ —a- — — 5s-) .5 I_a_ U~.

- —4 ‘-‘P — .‘~.J ‘—‘P —‘5 ~ C”— s—p - --5 
~) 5’S) ,...J ----C - —5 — C’) s-s-S 5 ‘5 (--s

‘ ‘3 -.5 —— I-s_I ~~~~~ 0 I -.3 s-5 — 5 -

~- >< N -3 s.i_a 5- N s_a_a 0, (5~ U 0 U_a 3, a-. N _A 5— N C,) U) — ii U_a 3~ a, i
I-s’s C) 2’ L 2’ rs- Z 3 2’ 7 ( 5 - s  ‘5 CD ID Z ti-s Z

I~ 
I _ 

~~ _ - ‘5 — 5-’. 5— 5— — Ni 5—5 5— C— —~ Ni ‘S-s — Ni ‘ C) — --5 5— C— —
—S A .2’ —) ~ .. Z ~~ 7 ~ - Z Z “5 ‘5— “5 3’ .2’ ‘ 7: 2’ ~~

LA_a 5- ,-.J ~~ 
5- ~.1 5- C) s-k 5- L~ I — Cl ~ s- sX

_-si a, s-— _a_a — a, -~ _a — — ~s- C-’ ~*_a -s — s_a, 5 U, 5- ~~_a .J. _.. 5- 0,
~~S 

~, 
_ 0, 5— 3, C- 3~ 1~ I CU, C— CU. C—

~~ 
a, ,.) ~~ ~— VS -s LA, U.- 5~A. C-) s-s.- U~ -_a- is C-) I a- ~U si,s .e,, V~ s.s_a U, U,. .~~

,~ 
-5 ,s:) C~) 5-4 s-i C) ~~~ -5 5-4 (3 i-s s-. s--I 5-I ~~~ ~~‘ 5-P ~~~ s.3 5 5  s-i CD — — ‘-s4

- 0 0 0 CD 0 (‘5 0 0 0 0 0 0 CD
(5) .7 —‘S sO F’- U. cs-s o s-~ C’) 55) 5,7 st ’S

- C’- 5.- N N 5’- I’- N ~~ IXi ‘0 4) LU iS
5-, s-4 ,-4 ‘-4 s-sI -4 -4 s-s-C P4 s-s-C s- “4

. * .*  * * *  * .*  * * *  * * *  * 4 *

-! 
~~~- C ’ - a - JO” O s-4NJis )4’Sn 4-~~~ 0’0 NJ (s)4’Sn’ON s00 ’0s-- 4 N i m 4 ’S n  ‘0N~~~~0’0s--4NJ
0 0 0 0 ~~ .-C ‘-I “4 ‘--4 s--sC s—C s-C ‘— C s-si s—I (‘U (‘IA (‘4 “55’ (5_I NJ flJ (NJ (J  NJ ((5 to to NJ to NJ NJ m NJ to .7 4’ .3’

- NJ NJ m ~“S m m m m m to m NJ to (‘~ 
(n is) s’s-S to NJ (~5 m 55_S 45) (fl Is) m to m Cs) NJ ps~ m ~~ 

((5 to IC’S I’S) to

~~~~~~~_& -~~~~ ~~~~~~~~~~~~~~~~~~~ 
- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 

5” ~ i~ :~
i’:
~~~~ ~~~~~~~~~~~~~~~ 

-



r’s- 

~~~~~~~~~~~ 

- —--s--- _ -------s —-— . _——.—-- —

~~ 

-. 
~-:‘ -

-..; --- -- -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ 
--‘ -s--s,’—

PAGE D - 78

‘C
s_ i_a C,—

0- .,~) ‘CX
—5 -4 U”) C,:. -5
C- U.5 _4 5-

—P . -I - _ -_ s U_a ‘4
VS s-s_a r IC) - ‘S

- .3 is I C- Z
3, C- C) Cs 2’ ‘.3

--s-’ 0 C) _A a -5” (“S
‘0 ~~~ -s-_a U_i (5, .,~I C- CS’S i’S (s_a
ci) —-P ,~, ,> is-s -~i -ys s’s_i s-s s’s_a
:s s-I -4 1
C 

~~ 
U) LA_S L~ I *5 ~L is

~ ~— is’ _J -U ~~ s -., 5-

C - ‘S —I I (-s’S -5,) 0
0 2’ C-) I_S C- I .-J -s—s -‘ .-fl
C_S s_a -.7- Z C— C— _. s’~J ~ _a s-’.1,s-— ~ 11 5L~) s--s .2’ C) 0- s_a ~ Ni
0) ~‘- s--I s~

) ‘C s_a,. z ~ i 5-

C VS z r a- I_a- ,,_a is V1 is

L 55 ~~ — -4 5- Li_a a-
.1--s 

~~~ I,i ~, C--s. I S - 0 ~ 5 - ‘ S
S 

s
I/S -5 0 ~‘1 (/5 s_a_i -,i, ‘y) C-) ‘l -5 N

C :; ~ ~ ~ Is—C (_) 5_i s.D 2’ (
~J VS s ’sJ

U) U I 
~ 52’ Ci 0 s/I i_i_a Ni U_a (‘s_a

11) 1 s--C I U) .2’ (‘4 5-4 CD I 0
. C) -is 5- CD ‘—4 Ni L’S ‘-s ‘- 5- I-fl

C- 
~ ~ 

-5 .D “4 -4-i U- -s_i NJ

- ~~ 
a5 — z ~~~ VS ~ I Z U’S 0, NJ (/5

I U) 5- CS /5, 5 A_I Z —i C’- r~ (‘_a 5-
‘I, 5.’- ,2’ ,z C_i ,,~ 

,j C) • I is I
I— 1) 4— 4’- i_S I 0 0,
—5 U ‘-4 2’ ,~) 5— ~-C 5- _a_a * s_a Ci 5—
~~ .j_ ‘-C) ,) I-s_I I i: 3-s “.1 3..

2’ C- — ‘5’,, ,) z z C- C- 5 NJ C-

I ‘-I ‘3 U_I -is U~ 4— NJ Z
U- — — 55’) -4 IZ ~~ I U- ~~

‘ —I ~ ) “ 5) __._s —I 5— 5— s—C .) so C— ‘-‘P s—p “,

~~ 
(3 is- is

~ (‘S I ~~ 
VS C.’) s—C -.3 I

I 0 U) a, a. a 0 5—’ N ‘.0 U N 0 U) i_a_a U) C-’ 5-

CD 0 .2’ Z P ~) CD 0 ~~ —A I 0 ~ UJ Z 5- ‘-4 .7 a-s Z
(‘.4 s--i C- C- — (“5’ (5, ~~~ (‘s_i -5 — — ~~ s-C i-C ~~ -4 0 -5 5- C-

L4,J i: 2’Z’) 5— ~) 
-s
~7~~~)Z~~~~~ U Q  1 Z 7: Z N  7 ZZ

~~ 
(‘5 a- 5- CD :1, — c’S ._a ‘- C-I s--si (‘5) C-_ I a- 5— a- a-

- ‘:SZ 5- IL_a — 0, 5- a, C- a- Q~ 53, 5- C-
I— C— a, I_a 3~ U) 0-s (J~ 2’ a a C- 2’ C- a, 5—

L’S -s_i ~~ s,A- ~~ L,) I a ‘-3 I U) a- C_I - C-) s’s_a C_a -s s.i- U) -5-_a ,A_~ A_~~
- (3 Ci -5 s—s 5—S IC) C- s-s CD 5- 5- 5”4 C-) 5-5 X, _i D Ci C) L’S 55- -‘S “

0 0 0 0 0 0 0 0 0 0
‘ _‘5’ -0 C’- a) ID’ CD 0 0 0 s-s. NJ

4) _1) CO a) (7’ 0 s-C (‘s_I NJ I_S_i
- 

s-C s-I s’l -‘-C s-’4 (“4 Ni CS) NJ 1’)

- * 4 *  * 4 *  * * * *  * 4 *  * 4 *  4 -* *

- 5/5 535 
~fl 50 N OL) 0” 0 s-—’C (‘4 (/5 .3’ It~ 0 4- U) 0’ 0 s-I (‘5’ (/5 .3’- Its sO 4- a) 0’ 0 “4 Ni to .3’ Sn 0 4- iS ~~ 0

C~ 
.3_ -3, ‘. ? ‘,? ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .O . O S O 4- 4 - N N 4 - N N NN N~~~~

~ 

55455 NJ sn 5.55 5/5 5’C~5 5~fl S~5-) m to to rs’) SI’) to (fl to (fl (45 m to to c-I’S to s-fl 5-45 to to to e-~5 to to s-n to ~~ to to m to

1.

I

i•_~ -. - 
5 -’ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ ,~-s-s:~~ ~~~~~~~~~ ~ 

—‘- ----s-s -



Fr, - - - - -.-- ..—-s-..-s

~~~~

— ---—----------5- _
~~~~~~

5-’5—_is---- --,-,w - --_ .,.- —ss - , - --- .--’-- ----s

PAGE D - 79

0- -.

C- l’s-

C -s54

(3 U)
U_a
_5’ U_a iS~ Li_a

_a.

(3 -5 (3 -5

L~ 
,5” C- 2’ 4--
-3 - -4 ~i) ‘C
L
~ 

U) (5- .4. (‘S
~; 4— ‘~“S p— _)
S~ 5.5’) (-s’S a C) 5i’~5 .3 5—’ 2’ -‘S

‘5--. .N 0’ ,I C) 0 5.—’
‘~0 v_ I i’s_i v~ ~_a -~

s-) I.) ~U ,4-I (N_i y) (5)
0,.l _ 

~
-
~_i ‘—.5 1\I ‘—4 j ’s_a .~~ ~‘ -.3’ s-s--s (,.I

~~ 
-P Ni

s- C is ~I-s is ,L~ is s/S 4,) ,j is

‘C-) 5— 5 - C-’ _,) ‘—5 is 5—
C (‘S C) (‘.5 s.D C-) C) , (3 L’S
0 .: si-’ , 

~~ .7 5 1 s
~.,) —A ‘0 ~ N-’5B —. r’~i -A-s ~-‘J S_i_a I-sI 2’ s~ _a .t~1 ,.i~

_a c’~
)

C- -.5- -s_a —‘5~ 
-s_a 

~~ 
5-5,_I 

~J 
_
> 5’) a- 4-5._I

0’l 5—’ 5— 5— (__I LA 5 1~ .4 —
C L’s is VS is VS is 2’ ,J VS is

.

~~ 
‘-.5 C) ‘~~ cC P.’) C,, I.. (/5 0

S s- —5 -i~ 5’—’ (‘5’) ~~5 (.,,s 1~/) c-s.) ..) 5 - 5  C_a,
_i 4/) (‘A 5./j) (5) VS (55 5’ 5% 2’ .‘5 VS I’S)

- is - Ni U_a (‘.1 4,5,, Ni s_a. - Ps) ~~ NJ

, 11) 
~~ s-s.) £ (3 I 0 I C) NJ I 0

~~ 
5- 5 I — 4— -

~~ -5 5- -5 — C- ‘-‘5 5— N —
0 ~~~ ~~ __) 1,1_i -sJ .5-s ._‘S ~~ — _J 5 ’)

0 a- “s_i “s_i (5,. 5”) to a, (‘s_a ‘~J 2’ Z p r’si c
VS 

~
_ is- >~ u_a ~

-) s5-s 5-,
I i s i  ~t i s i  LI, i s I  a- C) I

C I— C-
4 ~~ —5-. ‘S’S 5— ‘-I C, I— .~s-si 5 )  ~~ YS s_a_a * - 5-. (‘S 5-

LA_a L s t2 ’  _I: 1,_ a Z  .E J U .  ~ I ssJ iU~

~: s— Ni —5 5- (‘51 P--s C- 55) s-I U) 5,-s 5- 55) 5—

Ni 2’ C’s_I Z Ni 2’ ‘-‘ C- (NJ ~~

I’ ‘ 
-A— -s U— S_a) ~s— Z U—

E ,< 5—. — ~~ 5—. — 
__5• _—4 —5 5

— —-I ‘--sI s-—s -5’,

5—’ -s’S 0 _3 ‘S 1 C) I
I Li C- C- 0 0 LU C- 5- —s-I 4- C- C) 0 C- s--si Cs U_a u_a 5- 5-

CD 
~~ Z Z  1 ’ O N O  Z ZO-  2’ _a- -). --sI O t o 3  0 s—C L) Z 5-- NsA 7

L_asI 
s-~ ~~~ ~~~ 5 5%’) 5-’) —5 s— C- Ni 5s- f’S) 0-s Cs) ‘s-s 0 ‘ I— C-’

_J 7: Z Za  U ~ 7; !  F Z 7 u  U 5’- U 1. Z N  ) ZZ
~~ a- SD (0 0, s~~ U Cs-) I 10 0 a-
c’S: LA_i 5- 5- 5 5- 5- 5- -s is- s - ~ j ~~‘ 

-,, C- 4- 4-s~ C- 5- U_i 5- ~~4 —
Is-. I,,, Q. 3.s C- 5’— 55, 3-s U_a ‘~ - C— 0, 5—

_~C .4_a s_a, 5-5- 0, t_,i a- (.3 ..._a U.. 4- A_S_a U-s U- .J I_A a- C-_I I a- (3 s_a U- I/_I LU s_a. ..~~
Cs-i 5-1 — -4 5.3 5-5 (3 1,) -4 ~~5 

~-U ‘--‘5 s-I ~ (‘S s-si s3 5- “ .3 ~U 5 - 4  s- 10 ‘

0 0 0 0 CD 0 0 0 0 0 0 0 3 0
‘ to -3’ sf5 .0 I’— a) 0’ 0 s-’4 (‘s_i I’~) —3’ f’S .0

C’) NJ C’.J NI (‘si 5-5._I (-5,4 (/5 5%) NJ to to to (S_I

(“A NJ NJ NI N_I NJ (‘si NJ (‘s_I (‘s4 (‘si 4-54 (“4 NJ

- * . *  * .*  4 * *  * 4 *  * 4 *  .* *

-4NiN J  ‘LI- SN .0r-P0’ 0 N i~~~~.t Sn~~0 N ~~~~0’O .-s4NJ NJ~~t .1) s O N a ) 0 ’ O s - ’ C N I N J s 3 ’I A ’ S s O N~~~
3) a) 54) Ix) 3) ‘U .5.~ 

si_a (1,_a Q5 ,35 (~
5 

~~~ ~
)s 

~~~ ~~‘ 5)5 0’ ~~ 0 0 c’S 0 Ci —‘S 0 0 0 0 s-C s-C s-I s-I s--C s-i ‘I s-I ,4
-

‘ 
m m m mt o to t o m m m t o t o t om m m m t o m .r.tt.r .t ~~~~~~~~~~~~~~~~~~~~~~

A-

I

~~~~~~~~

-

~~~~~~

-- ,  
~~~~~~~~~~~~~~~~~~~~ ~ L ~~~~~~~~~~ ~ ~: 

‘ 
~~~~~~~~~~~~~~~~ , 

- 

~~~~~~~~~ ~~~~~~~ ~‘ 
--

~~
-s----

~
-- . — - 

. -



~~~~~~~~~~~~~~~~~~~~~~~~GE D - 8 0

~~
, U) ‘ s_s U_a

~~~~ 
--5 -

~~
-

~~~ 
4— 5.- 5-

~ —5 C C--’

~~~
- U) L’S U)

~ 
_) s-A- ‘S_S

- U- ,) 
~~- 

(,L) 7 s~_a a. o
-‘  0 -CX -~~) ‘C’ IS’)

:~ 
/1 .j~ -A_a 5.1_a 5 (/5 .4 V_I 3’

‘p- - —‘5 5- P ‘-5.1 ,-~ is - 5._a ‘-P “s_I ~ ‘P Ni
—
~~~ 

-

~~ 
5--P I—P- -p’ :s ~i: is 1/S V - is L is ,i. is U) 

- C 5— ~) -5 C.- 5— Z5

I 

‘5— 5- - -’ C,,) s--A S ) ~_) I~_5 ‘-s’S ‘_)
—

- 
.

~~ 
~

5_ - ) Li .4 -__‘_5 ,? -~ 
-5 7 a) C-)

- - S 0 -I-
~ 

.5- .A_: Li - LA,I -5’ ,s,i -:
; C-,) ~ 5- ‘ ‘_a ;_j 

~ 
s

_
_a -P s ”sj S (3

- - ,— -5 C--) ~~ 5— 5—

- V_ I is ~~ _s_s *5 (.5) is V.) is 2’
~~

) -5 -4
_ S S 

5- _.-_1 ‘S W (U-s ~~ () Is., “S
.5_5 ~~5 -s-P I/) 5.) (-1 ~~ .0 — (Y -I’S

- - s/I U) ‘J- s--s 2’ -4’ VS .3’ VS -5’ s-sC
- -

~~ -s-s NJ U_a Ni ~~~ (‘si LI_a Ni

.- 
_1 

~ 0 :j -s C) I -U I 0 I. • 
15,1 ~~ 

-,) — 5-. 5—. -is 5- _a~C —-s C— ~4 s  5’—
- C,,) ~J 4- L’S -.4- J 4’ -_-sJ 4_ IC_a

- 
s,_ 3.,~ 

- ‘.1 ~
-s
~’S .2’ 2’ _a) 0- (-.1 5/5 5, (-s_I to 2’

‘~~~~~ 

~~~ 

~~~~! ~~~ ~~~~~~~~~~~~~~~~ 

:f~ 
-i

~~~~ 

I 
~ ~ 

::~Tm :E 

~

s~ 4 •*  * . *  4 •*  * * *  .e . 4 * *

0’ 0 s—C (s_I 5/5 -4 .Cs .0 N 0) (,)‘ C) ‘—P NJ NJ -1’ U-S ‘0 N’ U’S 0’ 0 “4 I’s_a (/5 .3’ IS’S 4,) 4- U_a 0’ 0 s-C NJ 0’) 3’ 54’S
—4 Ni C’s_i (

~-J S’LI “J NJ I’s_i 55_ i (NJ NJ (5) (5) ‘4’) (“S c~’S I’S) to (/5 to (5) 4’ .3’ .3’ .3’ 4’ .3’ st -3’ .3’ ‘5” ,i’S IA’S st’S .5 (5 s ’ S 5 5

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

I

I’-
A -

~CL - S ~~ s-~~I’~~~ ~ ~ ~ ~~~~ 
. —;~ ‘5 -- S . 5. ‘~ r ,. -., . - -~ .~ -.~ - 

A. -.

--- - 

— - - —
~~~~~~~~~~ -- S ~~~~~ ~ ~ ‘ 

~~~



1 ‘ AD—Auso *67 TRW DEFENSE AND SPACE SYSTEMS SROW REDOND O BEACH CALIF F/s 9/2
SIFACY Off WP ON SYSTEM DEVELOPMENT. (UP
MAY 77 a ft MOWN F30602 76—C—0O95IRCLASSIFIED TRW—29t15 6001 RU0O RADC—TR—77—121 ,

3 0P3
AD

AO4Q4~ 7. 

ii: ;.



-

PAGE D - 81

Li — Li —
2 — — .4. 4-
LU 4 1  ,.4 —~ 4.4. —. — “ I
— LI 4 4  - 4. .~0. LU 0. a

-S. — .. Sc
2 .2 —— m LI —— ~ a 4-4 0. r.4 .0
4— ‘—4 .L’4 — 4—. • — 4 — _ _ —
0. 4.4 4.—. — 4—4 (~~ ) —, 1 Y
Ui a a~~~ U 2 a

• )‘ LI 4 . L I  LI 4’) (1 ~~ 3. 0 <— cn c. — ~~. ~~ —. — — ,~ . £
.4 a LI — .4 — 4 0. .—.4 (‘si •—~4

— —. (~.I 0. CD 0. 0. ~~ 0. 0 a. 0. a
• * — .4 3. — 3. a .0

o ci a ~~ 
a. a a a C

~~ 2 -t — a z ,
~~. — a. — a.-

~~ 1 ‘4 (M ~~~ .7 — I ‘ u -
LI i~~ ‘~ 4 ‘-I ‘-4 -1 0 ~ 4 ) ) +

“I ‘ - 4  C 4~) .~~ 4 — —4 .4 0- - — 4—
.4- LU 0. Cl) a. C LI .~ ci U ~X C,) 0. 3. 3.. 3. 0. —4

I ~ ‘-4 N 3- LI Z 2 .Z ‘-4 ~~ 1 3. 3.. 2 Z ‘~~
o 4- a. a — •..) .—4 r’j * LU 0.. 0 .-4 N 4-
LI LI LI a ~.. Z 2 Z a LI a 2 2 2 Z 4-4

a. 2 a r~ ~
CLI LU a a a .. .L~ 4.0 a a a —

• I 4.-S Ci ‘-4 a — a C) ) 
~. 4-

4- LI 44  ‘C — * LI ) - . — -  a 0.
4 .4..) LU U) 3. .4 N • C’~ .7 LC) — LU ~ N ~4) .7 C\ LL. .—4 4-

• (fl 1 ‘-4 2 LI LI a . — - LI .2 0. 0 - -  ‘LI 0. Cs
4— 0. ‘.4 0.. ~ S~ CL ‘S~ ~ ~~. ~‘-4 4)~ 2 2 4 4- . 3.

LI 
~— LU * çU L~) 2 a ~~ 4. .2 44. (

~J 2 2 2 2 ‘1. .u a —4

w 4.— 2 4— a P .4 ~~ .4 CLI a a .2 .4 .4 y •~~ • a
• U C Ui LI )( N 0.. Cfl Cx. ..4. 0. .4 .~c 0. 0. 0. CX ‘—4 LI 4— ..‘%

i.. I ix .4 a 4-4 4—4 a 4-’ ‘-s 4-4 0. 4.0 a 4 4  ‘-. 4~4 4-4 —. 0 0. U. 4—
• 4— LU 0. ~‘1 ‘-4 a CL) a. (4) , 0. ‘~4 ~ 4 a 0

4.4. .4 .. a. — a 1—4 a a a * ~~ a — a a a a 4-. Li.. 7 C 2
U. U. I * —4 .—, N. a a * .—4 .—l (fl

I— LI 4-4 LI • — — )( — — —  )( S a. LU a a a
• -4 2 C) ~~ LI 4 0  .~ m ~~ 4.4 4.4 .C) 4- -J 4 ~) -) -) I 4- 40

0. Lii .2 LI CO 2 .—4 a a a a a a CLI 0 .2 a a a a. — .-, 1-
LU 

~~ — (3. .1.. .4 .4 N C~J (fl .7 LO * (3. £ C (‘.4 44) .7 CO 4— 1) (4.4 a m
‘-4 IC LI .X a C — - Sc 0. 0. LI 1< —
U~ .~) Ui ‘.4 —4 IC _J a _J LI ..J ii 4-a ‘—4 _J ..J _J _J ‘M 0. 4 fl 2
7 —. CO I’— ( D I C  LI LI Cl C) LI (Ci ~ LI I-. x a . 2

>< -~~~ .2 •L I  a a a. 1~~— I I t  z •0. a a l I X I  — .0 C C\4 .4
• LI I ‘-~ 02  N LI (4) LI (LI Li — LI 4 .3. 0. 0- 0- U) LI CX .4 CX

4-. * LU 4-4 ~ -4 1-4 a. 4—4 4—a .-4 * .iJ ) —4 4-4 .-, ’-, ‘--4 * ‘-4 a. 1-4
LI LI a 3. a. ~-4 LI a CX a —~ a

LU 2 2  — I CU .  + *~~~~~~~~~~~~~~~~— - I C C L  + - - . — - .  * ..l
LI LU 0 (‘4 .-4 0 — (4) 0 .4 Ci (.0 .0 C.) (4.4 ‘-4 0 0 ‘.0 0 (0 0 N. • Ci ~L) 0
0. 0. 0 a .) ‘—4 a C i  a .0 LI Ci LI a LI 0 (0 Ci ~) C) a ‘4) LI a LI

.-.4 4 N “4 0 ~~ ~c (4) (4) 44) -4 .-4 N ~~ ~ C 4”) (4) (4) ~1 -4 U. (‘.1 4) i\1
(/) U) ~~ .~~ ~~ 4-) LI I (4) ~) Cfl (4 4-) ~~ ~~ m (I. m m m m ~~~ I a -C) ‘

~~ ~fla ~ 4 Z ~-4 a a. .—4 a ~~4 a a a a .-4 Z a 0. a a a a a —4 IC a ‘-4 a
Cl) -I W) (3J Ø 4  0. ’ C , O . 0 U i . 0 -. -C .0 L U . 0 . 0 . S JQ —. m . o — o
I—’ Ci- -— .20 4 4 —  Ci 0 - 0 —  4-. — C ) 4 -  a —

N N .2 4— 4.0 4— 4.— 2 4- 0 Z 0. 4- ..) 4—
Ui ~~4 L U . 4  0 Ui C X C  -Li .4 U. (45 Ui 4-4 Ui .4 0 LU CX Ui ~4.I LU LU ‘ 4  LU (‘4 4 1-4  LU .4 Ui
0.. 4-~~~~ 4- 4 - Z  .7 4 —  4—.~~~ 4— ~_ 4- ~~~~~~ 4 - 4 -  L. .i’ 4 4.— 4—4 4- 4- 4-~~~~ 4 - 4 —  0.E a i’— ~~. ,—
4.LJ 0. a. 2 ‘—4 0. ~~ ‘—4 CX 4 a. ‘—4 I—. ~—4 ~~ — c~ ~~ ‘-a —. ‘-4 ‘.a .Z ‘-4  0- IC ‘l 1~ ~ 4
I
4- 4 - 4 ’ L I . .4 U . 4 - C O~~~ i. ~~~~~U i *  £ .~~ L1 3 U .4 - L O3 A ~~~~~~~~~~~~~~~~~ U.. £ U .~~~.-l ‘-4 . 4  ‘-4 -4 a-I

o 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
u’~ o a-s e.~ m o a-s 0 . 4  N
N (4) 44) .r ~~ in in

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ r-~~~~a ’ O . - 4 r4j e4) .r
Ifl in LA ,O , O ~~) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



PAGE D - 82

I- I-

U_ ~~.

z z

0
L) -

.3• ~‘
-
~

z 2
4-’
-I- . 11-4
-J

• Do
I S..

(~J~~~J

• I—. -0 . 0

LU
I- I- 0.

p .

LU
WY _1
F .
F-

A -0

• ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~~~ - 
I ____



PAGE D - 83

0.3. 5 Listing

The MERIT source listing is presented in Table D-IX.

0.4 RANK

D.4.l Purpose

The RANK program was required to analyze a large number of
individual rankings obtained from the MPP Impact Evaluation survey and
produce a composite ranking .

0.4.2 Input

RANK accepts as input N individual rank orderings in the form of
vectors containing the integers 1 ,2 , M in any order.

D.4.3 Function

For each of the M positions (i.e., the length of the input rank
vectors), RANK computes the mean , the variance and upper and l ower bounds
for the rank deviation. RANK also computes other statistics , incl uding
the Kendal l Coefficient of Concordance and the Spearman Rank Correlation
Coefficient for each pair of ranking vectors , and sorts on the mean rank
values to obtain the composite rank ordering.

0.4.4 Output

RANK output consists of the composite rank ordering vector, mean
ran k val ues , variances and upper and l ower bounds of rank deviati on and
the correlation coefficien ts. Two examples of the mean rank and composite
rank ordering results for ranked software development problems and ranked
MPP are contained in Tables D-X and D-XI.

D.4.5 Listin g

The RANK source listing is presented in Table 0-XII.
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APPENDIX E

DETAILED MPP COMPARISON RESULTS

E.1 Contents

This appendix contains output of the MERIT support program. MERIT
was used to determine the effect of applying a selected set of weights to
the raw response—frequency—distribution data from the MPP impact evaluation
survey. This was done (as discussed in Section 4 of this report) to support
comparative evaluation of two MPP implementations. The MPP comparison
methodology was demonstrated via determination of figures of merit for two
disjoint subsets of the Systems Technology Program MPP.

E.2 Format

The format of the MERIT output presented on Tables E-I and E-II is
described in detail in Section D.3.4 (Appendix D). Table E-I presents MERIT
output for MPP Set #1 consisting of the practices numbered 1 through 5,
while E-II is for MPP Set #2 consisting of the practices numbered 6 through
11.
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METRIC SYSTEM

BASE UNITS:

qusnti~y Unit SI Syrnb al

length metre m
mass kilogram kg
time second s
electric current impere A
thermodynamic temperature kelvin K -

amount of substance mole mol - - -

luminous intensity candela cd -- -

SUPPLEMENTARY UNITS:
plane angle radian tad
solid angle steradian it

DERIV EI) UNITS:
Acceleration metre per second squared .. rn/s
activity (of a radioactive source ) disintegration per second (dliiflhigIitIOflhlO
angular acceleration radian per second squired - - _ rad/i
angular velocity radian per second -- - rad/i
area square metre - .  rn
density kilogram per cubic metre .~ . kg/m
electric capacitance farad F A/IN
electrical conductance Siemens S AN
electric Field strengt h volt per metre - -  - Vim
els- :tric inductance henry II v’s/A

• electric potential difference volt V WIA
electric resistance ohm V/A
electromotive force volt V WIA
energy joule I N-rn
entropy joule per kelvin - -

force newton N kg-mi.
frequency hertz Hz (cyclella
illuminance lux lx ImIm
luminance candela per square metre -- cd/rn
luminous flux lumen Im cd-ar
magnetic field strength ampere per metre - - -  A/rn
magnetic flux weber Wb Vs
magnetic flux density tesla T Wb/rn
magnetomotive force ampere A -. -

power watt W /i
— pressure pascal Pa N/rn

quantity of electricity coulomb C A s
quantity of heat joule I N-rn
radiant intensity watt per steradian - - -  WIsr
specific heat joule per kilogram-kelvin - -  - J/kg-K

- 
- stress pascal Pa Nlm

t hermal condurtivity watt per metre-kelvin WIm.K
vnlrx ,ity metre per second - -  171)5

— v iscos ity, dynamic pasca l-second - -  - Pa-a
viscosity. kinematic square metre per second - -  - mis
vo ltage volt V WIA
volume cubic m etre - - m
wavenumber reciprocal metre (wsve)/m
wor k joule I N-rn

SI PRE F~~ ES:

Multiplicat’on Factors Pref ix SI Symbol

1 000 000 000 000 = 1012 lets

- 
-;j  I .100 000 000 = 1(1’ giga U

• 1 000 000 = ift~ mop M
t 000= I0’  kilo k

100 = 102 hecto h
to = 10’ doks~ di

I - - 0.1 1 0 ’  (Joc.l d
-‘ 001 = 10 —2 S f1051’

0 001 10 milIl m
0 000 001 1 0 ’  micro

0.000 (100 001 10~~ nano 0
0 000 0(10 000 001 10— 12 p5( 0

(1 000 000 001) 11(1(1 (101 10— ’ fom lo
0 (1(4(4 (100 000 (10(4 (4 (4(4 (‘01 = 10— ‘ alto a

To be avoided where possible
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MISSION
of

Rame Air Development Center

RA1X’ pl ans and conducts research , exploratory and advanced
developn ent programs in coararaand, control , and cownunications
(C3) activities, and in the C3 areas of inf ormation sciences
and intelligence. The principal technical mission areas
are conrnunications, electromagnetic guidance and control ,
surveillance of ground and aerospace objects, intelligence
data collection and handling, inf ormation system technology,
ionospheric propagation , solid state sciences, microwave
physics and electronic reliability, maintainabilitg and
compatibility.
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