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Preface

Software engineering techniques are being increasingly

utilized to produce low cost, reliable computer systems,
These methods offer a structured approach to define the sys-
tem requirements and the system design.
I have attempted in this thesis to employ some of these
techniques in a different application from that in which they
are normally used., BRather than using them to define a non-~
existing system, I began with an existing computer system,

and atiempted to evaluate its success at meeting user expec-

tations.

I have assumed that the readers of this thesis are fam-

A basic knowledge of soft-

iliar with computer terminology.

ware engineering principles is also assumed.
For their assistance and for allowing generous usage
of their equipment, I would like to express my gratitude to
the Air Force Flight Dynamics Liboratory, and my sponmsor, lir.
Bernie Groomes., For his guidance and encouragement, I would
like to thank my thesis advisor, Maj. Alan Boss.
great moral support, I offer a special thanks to my lovely
wife, Suzi,

For supplying
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Abstract

This thesis is an evaluation of an existing computer
graphics system using structured analysis techniques. The
system evaluated is the IMLAC PDS-4 minicomputer at the Air
Force Flight Dynamics ILaboratory, %right Patterson AFB.

The technique used in the evaluation is pe?formed in
three steps. First, the existing system is modeled into its
logical eguivalent using bubble charts. This model shows the
flow of data through the system, and the activities performed
on that data. Second, a similar model is produced describing
the required system as defined by the users. This model is a
representation of the users' desires and requirements, and is
similar to a model which might be produced during the require-
ments definition phase of a computer's life cycle. The third
step is to compare the two models to evaluate the existing

system's effectiveness, and reveal areas requiring modification

for full utilization of the system.

Al

Following the evaluation, several recommendations and
changes are proposed to increase the system's capability to

meet the user requirements.
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E EVALUATION OF AN EXISTING COMPUTER |
z SYSTEM USING STRUCTURED ]
» ANALYSIS TECHNIQUES |

I. Introduction

Objectives

Structured analysis is recognized as a valuable tool
for performing the requirements definition phase of a system's
1ife cycle., When used properly, this technique provides a
step-by-step procedure for completely specifying the system

parameters, These parameters will reflect the four basic

e

th* principles of software engineering: modifiability, efficiency,

reliability, and understandability (Ref 8:21),

' The purpose of this thesis is to employ the approach
of structured analysis towards a different application. A
formal set of procedures is developed to apply structured
| analysis principles to the evaluation of an existing computer
system, The goals of this evaluation are to determine specific
areas which do not satisfy the requirements established by
the users of the system, and to define what modifications
are necessary to meet these requirements. The system to be
analyzed is the IMLAC PDS-4 graphics system located at the
Air Force Flight Dynamics Laboratory, WPAFB, Ohio.

52 Scope
The emphasis of this thesis is on the development and

1
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examination of a formal methodology to perform evaluations
of existing computer systems. The IMLAC system is used to
illustrate an application of this technique, and to measure

the effectiveness and feasibility of employing the approach
| to a "real world" problem, The results of the IMLAC evalu-

ation are presented to the users of the system as a set of

; recommendations and modificationms. 3

Approach
Chapter II contains background information about sev-

eral different structured analysis techniques available, and
outlines the proposed structured approach for evaluating

existing systems, Chapter III describes, in detail, the §

E || : different steps of the analysis technique, and applies these
.o to the IMLAC system. A brief history of the INMLAC PDS-4
| system is provided as background of the system to be evalu-

ated., Chapter IV consists of a summary of the results ob-
tained from this study.

A}
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II. Background

Structured Analysis

Accurately def? 1ed system requirements are imperative
to a successful system development. The process of esta-
blishing these specifications is termed the requirements
definition phase of the development cycle, and encompasses
all aspects of the developmental process prior to the actual
design of the system (Ref 9:6). Failure to adequately specify
the requirements can result in increasingly expensive correc-
tions at later stages of development (Ref 2:5-6).

Currently, requirements are generated in free-form
English using a combination of ad hoc manual analysis and
common sense (Ref 2:5). Several problems that arise using
this method are (Ref 4:1¢-13):

"1, Communication. The relationship between a user
and analyst is complicated by the lack of common
language, and by the inherent difficulty in des-
cribing a non-physical object.

2. Changing requirements. The user requirements
change frequently as the user becomes more aware

of what capabilities are available.

3. Lack of tools. The only tools available to the
analyst are paper, pencil, and his mental ability,

4, Problems of documentation. Managiﬁg the enormous
amount of text required to describe z comvplex
system is a major problem in reguirements analysis.

5. Work allocation. A large complex oroblem does not
normally divide into equivalent work efforts.

6, Politics. The introduction of a new system is
often associated with management prejudices eand
power struggles,




Several techniques have been developed to deal with

these problems, One major area of study is in the use of

automated tools to specify and analyze requirements., The

ISDOS system is one such tool which incorporates a problem

statement language (PSL) to reduce terminology inconsistencies,

and a problem statement analyzer (PSA) to cross check for

redundancies in specification (Ref 11). The analyst defines

the system using the PSL which invokes strict interpretation

Several advantages

of terms and relationships of objects.

Interim reports and summaries

are offered by this method.

can be automatically produced, organization of information

is automated, and consistency and completeness are guaranteed.

The development of an extended version of ISDOS is being

sponsored by the Air Force, and is known as CABRA (Ref 12).

A similar automated approach, kmown as SREP, is being used by

the US Army Ballistic Missile Defense Advanced Technological

Center (BMDATC) for real-time developments (Ref 1).
Another area of study is the use of metalanguages to

state specifications (Bef 13:214)., Restrictions placed on

these languages promote comprehensibility and correctness of
proof, Examples of such languages are EUCLYD, CLU, ALPHARD,
and the higher order software (HOS) axioms,

SofTech has developed a rigorous mamal method for
requirement specification known as structured analysis and
design technique (SADT) (Ref 1f).
SADT is to decompose a problem into a series of conceptual

The central concept of

ik models, These models are generated utilizing the basic
bullding blocks of all SADT diagrams, boxes and arrows.

4
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Figure 1, SADT Example

Boxes represent processes performed on data, and arrows
represent the data., A simple example is shown in Figure 1,
For an entire system, each process must be represented by
a box. To facilitate the large number of such processes,
and to promote readability, a top-down structured decompo-
sition is used for the entire system., That 1is, the entire
system is initially represented as on;faptivity box. A
second level will decompose this acti?ity into 5-7 sub-
activities., Each of these will be further decomposed, and
so forth, until thejentire system is modeled to the desired
level of detail. Figure 2 shows this decomposition graph-
ically (Ref 1@:2-3).

Advantages of this method are its readability, modu-
larity, and structure. It provides a straight forward

5




4

o o ch o g B o R R
R R S o o oS

Figure 2, Structured Decomposition

step-by-step procedure for breaking a problem into a series
of sub-parts with well defined interconnections.

De Marco has developed a similar manual method known
as structured analysis (Ref 4), This technique 2lso uses
hierarchal models called “data flow diagrams® (DFD's). These
are identical to the SADT models in concept, but with 4if-
Tereat tuilding blocks. Instead of boxes to represent pro-
cesses, structured analysis uses bubbles. The elements are
shown graphically in Table I. The model similarity is such
that De Marco describes SADT as "...data flow diagrams with
sgquare bubbles." (Ref 4:4B)., The final output of structured
analysis is a *target document® consisting of DFD's, a data

fQictionary defining file compositions, and structured English,

Structured analysis is normally employed as a means to

6
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TABLE I !

()

N Structured Analysis Building Blocks
é Symbol Name Description
Z (::) Bubble Process performed on
3 data
v;i — Data Flow Data item
f% S File Data storage
§ Source/Sink Place where data orig-
i inates or terminates
§\ And/Or Relational operators
x/® on data

,} ‘specify requirements for a new automated system. The analysis

is divided into seven component studies (Ref 4:27):

1, Study the current physical environment

2, Derivation of a .gical equivalent of the current
, environment

3. Derivation of a new logical environment

4, Determination of physical characteristics to
produce a new set of physical environments

51 5. Quantification of cost and schedule factors.

6. Selection of one new physical environment

7. Packaging the structured specification.
Figure 3 shows these components in a data flow diagram (Ref
4:26)., Each step will be briefly discussed.
ég; The current physical environment that is being studied

consists of the non-automated process, The analyst must

7




Figure 3. Structured Analysis Flow

become familiar with the flow of information and output
products in order to understand the nature of the system,
The product of this study is a DFD which models the physical
éystem as viewed by the user,

- The next step is to derive a logical equivalent of the
physical model. This is necessary to define the logical
functions which are to be performed by the system. User
interaction is important here to assure an accurate repre-
sentation of the functions performed, A logical DFD is the
output of this effort,
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Derivation of the new environment is the user's op-
o portunity to specify what adfitional tasks or modifications
are desired of the new system. A data flow diagram is pro-
duced which totally defines the logical functions the system
is to accomplish,
At step four, physical characteristics and boundaries
3 are introduced to design several alternmative physical models
v% of the new system. These characteristics are specified by
the user as required physical limitations. As stated, sev-
eral altermative models are produced to illustrate physical
; trade-offs.
;Qf Selection of one model from the physical set requires
several studies of costs and schedules. Each azlternative
must be quantified based on the goals and constraints of the
organization.
The final component of the analysis is the packaging
of the documentation and specifications. This package is
_nmecessary for the system design phase, and répresents the
main product of the analysis portion of the software life
cycle,

k. Structured Anslysis as an Evaluation Tool

~ Structured analysis provides several advantages for
defining requirements of a new system. The models provide
a top-down logical overview of the functions performed.
Modeling the current physical system emsures that all neces-
sary functions are considered, and the sevem steps provide ﬂ

a structured sequence of procedures to defime the require-
ments, i
9 ]
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Several organizations possess existing systems which
may or may not be fulfilling the requirements of the users.
Failure to meet these needs may be a result of changing re-
quirements or incomplete initial specifications. In either
case, some method is needed to evaluate the existing system
against user requirements., Several advantages afforded by
structured analysis can be applied to this type of evaluation.
Graphic models provide an easy-to-read concise representation
of a system, Modeling the system in a logical manner en-
courages a functional evaluation rather than a physical one.
Also, a step-by-step methodology promotes completeness and
acecuracy.

The structured analysis procedures listed earlier
cannot be applied directly to an evaluation effort. This
is a result of the fact that the existing system is already
automated, and is not to be replaced by a completely new
system, However, several of the same techniques and general
goals can be used in a different sequence. The following
procedures are presented as a possible application of struc-
tured analysis techniques to an evaluation:

1. Logical modeling of the current system.

2, Logical modeling of the required system.,

3. BRecommendations based on model comparison.

Each phase will be discussed briefly, and a detailed appli-
cation will be presented in the next chapter,

Modeling of the current system is the equivalent of

the first two phases of structured analysis. The purpose

i 5
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is to become completely familiar with the existing system,
and to model its logical equivalent in a data flow diagram,
The creation of a physical DFD, as specified in structured
analysis, is not recommended for an existing system. The
level of detail involved in a complex system would result in
an unmanageable physical model. It is more efficient to
group the system details into logical equivalents first, and
then model the logical system, The resulting DFD's provide
a framework for comparing the existing logical system to a
required logical system,

The required system model is a representation of the
logical functions which the user specifies as necessary.

It is recommended that this model be accomplished second so
that the analyst is completely familiar with the existing
system'’s capability and limitations prior to interpreting
user requirements, The existing model is used as a guide-
line for interviewing users as to what functions should be
added or deleted, Modeling the required system in the same
format as the existing system also promotes a straight for-
ward comparison of the logical models.

Comparing the two models is a formalization of the
discrepancies between the existing functionms and the required
functions. In this comparison, the analyst must decide if
additional functions specified in the required model are
valid and relevant., The result of this comparison is a set
of recommendations from the analyst to the umser.

For simplicity, the term "structured eveluation" will

11




be used to signify the methodology described. Chapter III
W presents an in-depth example of applying structured evalu-
ation to an actual system. The separate phases will be

’ii' discussed in greater detail, and the associated problems
E will be identified.




III., An Application of Structured Evaluation

IMILAC System
One mission of the Analysis and Optimization Branch

(FBR) of the Air Force Flight Dynamics Laboratory is to

perform and support structural analysis. To accomplish this

mission, a general purpose graphics computer was requested

1 in March 1977 (Bef 5). As a result of this request, an IMLAC
PDS-4 computer and supporting equipment was leased in April

1977.

The IMLAC system is shown graphically in Figure 4 (Ref
7:4)., It includes 32 K of 16-bit memory, a refresh vector

graphics CRT, light pen, dual hard disk storage, and a Ver-

satec printer, The system is capable of operating stand-

alone for local processing, or as a terminal to a2 host com-

puter with a standard RS-232 interface. Supporting software

consists of several utilities and a Fortran compiler for

.stand-alone mode, and interfacing programs when used as a

terminal, A more detailed description of the operating

system is presented as a user's guide in Appendix D, This

guide is a direct product of the IMLAC evaluation.

Justification for the IMLAC system by FBR was based

on the specifications shown in Table II (Ref 7:5). The flick-

f' er - free performance capability, available Portran, and disk

capacity were reasons cited for sole source justification of

the IMLAC system (Ref 6),
Since the installation of the equipment, several prob-
lems have surfaced resulting in limited use of the system.

13
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Prospective users described several problems including:
1. Inadequate documentation

2. Non-standard Fortran

3. Hard-to-learn procedures

4, Confusing keyboard strokes

5. Incomplete graphics capability,

These problem areas, combined with others, dramatically

reduced the utilization of the system. At the beginning of {
this study, just one person was using the stand-alone capa- :
bility, and only in a limited sense. A few others were
occasionally exercising the TTY capabilities,

Modeline Conventions 3

De Marco's modeling technique is used for representing

the systems in structured evaluation. A brief discussion of

data flow diagram conventions is presented here for clarifi-

cation.

The basic building blocks of DFD's are shown in Table

1 (péée 7). Bubbles are processes or functions that are per-
formed on data. Data flows, symbolized by arrows, represent
a path along which information passes. The data always flows
in the direction of the arrow. Sources and sinks are origi-
nators and consumers of data., A4 file is a storage device for
data. Relational operators are used when multiple data flows.

E 4 enter or leave a bubble, The ovperator indicates whether both
q data flows are necessary (AND) or only one (EXCLUSIVE OR).

@ Leveled data flow diagrams are a hierarchy of DFD's

.
[

16




Figure 5. Example Parent/Child Relationship

with each bubble on the first level DFD being decomposed by
a’squeeding diagram, This hierarchy provides a top-down
view of the system with each separate diagram encompassing a
complete function. To reflect the relationship of the dia-
grams, a specific numbering scheme is used. An example is
illustrated in Figure 5. EBach high level DFD is associated
with a number unique from other high level DFD's, Each bubble
on the high level diagram contains a mumber unique from the
other bubbles on the diagram, Second level DFD's are num-
bered with two numbers in the form X.X. The first number in-
dicates which high level diagram is being decomposed in this

17
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DFD, and the second number specifies which unique bubble on

the higher DFD is being expanded in the lower diagram, The

terms "parent" and "child" are used to describe this relation-

ship.,

Existing System Model

The modeling of the IMLAC system was accomplished in
four steps: :

1., Familiarization with the system

2, Identification of logical functions

3. Development of DFD's

4, Verification of model correctness.

Bach of these will be discussed in detail.

System Familiarization. To accurately model any com-
plex system, it is essential for the modeler to become inti-
mately familiar with the details of the system, When the
system is a computer, this involves learning the functions
accomplished by the operating system, and the algorithms
used ln.performing this, One means of obtaining this know-
ledge is to write several assembly language programs, and
perform modif ications to the operating system. This tech-
nique was used with the IMLAC, It required several months
to complete this phase of the modeling., To make the effort
more productive, the programs and modifications attempted

were suggested by the users as convenient additions. Thus,

information about the system was being acquired while providing

improvements to the system,




The assembly language programs were written with an
emphasis on utilizing several available software utilities,
and interfacing with all peripherals. For example, several
utilities were written which used routines to write to the
display screen, disk, printer, and TTY port. These assembly
language programs enabled the analyst to better understand the
operating system source code, and gain insight into the theory
of operation of the system. HNHodifications to the operating
system provided several insights into the algorithms used to
perform system functions. Two such modifications completed
include variable size character selection in the MONITOR,
and improved print quality in local graphics. Several other
modifications were investigated which involved in-depth
source code study and a complete review of available documen-
tation.

Identification of Logical Functions. To model the log-
ical equivalence of a physical system, it is necessary to

-1dentify what logical functions are performed. A systematic

approach was used to determine these for the IIIAC,
Initially, the names of all operating system modules
were listed in a single 1list, Modules which accomplished
similar tasks were then grouped together with a description
of the common task. The criteria which were used to discern
similar tasks included common peripheral utilization, and
analogous duties performed. For example, K2, PK, MW, NN,
and RENAIE are all modules which modify files, and were
grouped under the heading of File Modification. Next, all
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modules left ungrouped were considered for inclusion in an
existing group by slightly modifying the group description.
For example, DELETE was added to the File lNodification
group by renaming it File Maintenance. Modules which were
still ungrouped were defined as separate categories,

The next step in the function identification is to
normalize the level of abstraction between the different
groups. This is necessary to produce a list of functions
which could be modeled at the same leveled DFD., To accom-

plish this normalization, an iterative procedure was used,

First, categories which appeared as highly specialized were -

considered for regrouping with other categories or parts
of other categories, If this could not be accomplished,
the group was disbanded, and the modules were distributed
to other categories based on their functions. Jategories
which appeared to be too general were considered for parti-
tioning into separate categories. This process of regroup-
ing and partitioning was continued until all categories
appeared to consist of a similar level of aﬁstraction. The
final list is shown in Table III, These categories are the
logical functions to be modeled in the data-flow diagrams,

Develooment of the DFD's. De Marco offers the follow-
ing guidelines for developing DFD's (Ref 4:63):

1. 1Identify net input, output, and data flows

2, Work outputs to inputs, or from the middle out

3. Label all data flows

4, Label all bubbles
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TABLE III

IMIAC Logical Functions

Model
Reference Function Modules

1. Operating System MONITOR, SYSLOD,
ROKLOD, MAKELG,
LOGIO, DIKY,
DEBUG, START

Qe File Maintenance DELETE, FLUSH,
FILCOM, GET, MN,
NM, PK, KP,
DIREKT, DPRINT,
PRINT, RENALE

3. Local Graphics TIS4, SYMBLY

L, Host Graphics TIS4, GTS, MMS

5. TTY Mode LINDI, PSA, STR14

6. Disk Maintenance COPY, SAVE, CHECK,
SYSTID, STATUS

7. Program Creation EDITOR, ASSEMBLER,

CONPILER, BINDER

5. Ignore initialization and termination
6. Omit trivial error paths
7. Do not show flow control
8. Be prepared to start over.
An informal version of these rules was used in drawing the

DFD's for each identified logical function.

First, the net input and output data items were listed

for the logical function being diagremed. Next, all duties ;
performed by the modules were listed under each logical .
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heading. These duties were combined and generalized to pro-
duce a summarized list of processes performed on the data.
Each of these processes was represented by a bubble with
appropriate data flows drawn between them, It is important
to note that the separate processes within each function

do not necessarily correspond to one particular program,
These processes revresent a logical overview of the function,
and each process may generalize several programs or parts

of programs.,

To complete the hierarchal structure of the model, each
process, or bubble, had to be further decomposed into a
second level of detail. This was accomplished in a similar
marmer as the high level DFD. A bubble was chosen for de-
composition, net inputs and outputs were defined, and a list
of functions was generated. It was decided to only model
two levels of detail for this effort. This decision was based
on the time restrictions for completing the study, and the

‘belief that two levels would provide sufficient detail to

compare the models. The complete model for the IMLAC system
is given in Appendix A,

Verification of Correctness. It is necessary to per-
form several tests of verification on a completed model to
ensure the accuracy of the representation, De Marco suggests
the following five checks (Ref 4:1§6-112):

1, Check that all items are labeled

2, Check for consistency of abstraction level

3. Verify data conservation
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4, Identify any file problems

5. Perform a model walkthrough.

The first check is a bookkeeping task to ensure model
completeness, All data flows and bubbles were checked for
proper labeling, and necessary corrections were made,

Abstraction consistency is a check that all models on
the same level contain the same amount of detail, This con-
sistency aids in readability and coherency of the model. The
check was accomplished by verifying that all data flows and
processes represented similar levels of abstraction.

The term "data conservation" refers to the requirement
that all data flowing into and out of a second level DFD is
shown on the DFD from which it is decomposed, its parent,

In other words, only data flows associated with a first level
bubble can appear as inputs or outputs to its second level
child, The only exception to this rule is when the data is
completely internal to the process being modeled., Conser-
vation was completed by comparing parent and child DFD's,

and exceptions were noted in the respective text,

File problems are characterized by such ﬁiscrepancies
as data only flowing into a file, or inconsistent data
flowing into and out of a file, For the IMLAC, these pro-
blems required renaming some data flows,

A model walkthrough is the most time-consuming of the
verification checks, Each model was reviewed by following
the data from process to process, and ensuring that the
diagramed flow was wvalid., This required checking the
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documentation and source code of the modules involved against
the DFD,
Summary. The structured anslysis model of the existing

*5 system represents a logical top-down view of the physical f
IMLAC graphics system, Several problems were associated i
with the modeling process. |

Familiarization with the system was the most time-
consuming phase with no definite completion point. There
is no measurable criteria available to indicate when the
modeler knows the system well enough to model it, There
was also a delay in this part of the effort while the source
; i code was being ordered and received from IMLAC.

Identification of the logical functions also lacks

measurable criteria defining a "good" portrayal of the
physical system., Decisions were made on a subjective basis
with no cross check available,

The development of the DFD's required many decisions

-about, content, meaningful data and process names, and ade-

quate abstraction levels. Due to the logical nature of the

model, there was not a one-for-one correlation of the DFD
bubbles to the IMLAC software modules. This resulted in
generalizations of similar processes performed by several
different modules, and interpretations of the total function

E achieved.
é ﬂ The verification checks were effective in isolating

&

3 ? the other phases, numerous subjective decisions were necessary

L =

several areas requiring further refinement. However, as in
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to complete these checks. Since there were no persomnel at
the laboratory familiar with the system details, the final
model could not be reviewed by a competent critic. Thus,
the final model contains several personal viewpoints of the
system as interpreted by the modeler,

Bequired System lodel

To evaluate the system's performance, it is necessary
to have some criteria against which to measure the existing
system. This means there must be some formal description
of the system parameters, as defined by the users. When a
non-existing system is being developed, such an assessment
of the needs to be fulfilled is known as the requirements
definition (Ref 9:6).

To provide a common ground for comparison, a model
of the requirements is built similar to the existing model.
The same techniqueé used for the existing system model are

repeated, but with some variations which will be described.

System Familiarization. Since the required system
does not exist in a physical sense, there is no code that
can be studied, nor algorithms to learn that reveal the
system functions. These properties can only be discovered
by interviews with the eligible users of the system. Some
information was obtained from the initial request for the
system (BRef 5), but the specifications were too general for !
a detalled model.

Similar interviews were performed with several users,
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Initially, general questions were asked concerning how the
system was to be used, and what types of capabilities were
considered necessary to satisfy performance needs. Following
these responses, more specific information was requested
about the details of the desired system. Emphasis during
the interviews was in terms of how a prospective system
might operate, not in terms of the existing system,
Identification of Logical Functions. Data flow dia-
grams are a logical representation of the system, Thus, as
in the existing system model, it is necessary to identify
the logical functions required to fulfill the users' needs.
However, since this model is to be compared to a different
set of DFD's, it is desirable that some degree of similarity
exist between the functioﬁal breakdown of the two systems.
If all of the user requirements can be interpreted as bve-
longing to one of the existing model's fﬁnctions, it is

advantageous to use the same set of logical functions. This

-get of functions provides a direct means of comparing the

two models and an initial framework for modeling the required
system based on the existing system., For this study, the
existing functions were sufficient to incorporate the user
requirements and were used for the DFD's., This sufficiency
was determined from user interviews concerning the general
goals and usages of the desired system.

Development of the DFD's. The procedures used for
generating the diagrams followed the same sequence as for the

existing system model.




First, net inputs, outputs, and processes were identi-
fied. This involved interpreting the user supplied infor-
mation in relation to the responsibilities normally accom-
plished by each logical function., Unless the user speci-
fically indicated some capability or function different from
the existing system, the appropriate DFD from the existing
system was assumed to be sufficient., Where differences
existed, the desired system was drawn using the procedures
outlined in the existing system section. In several in-
stances, this resulted in simply adding extra bubbles to
the existing diagram,

The completed model is shown in Appendix 3., To avoid
repetition, those DFD's identical to the existing system
model were not redrawn. These are identified in the asso-
ciated text,

Verification of Correctness. The five verification

checks described earlier were also applied to the required

system model, The first four were completed in an identi-

cal manner as for the previous model. The walkthrough,
however, could not be accomplished the same way, since there
is no documentation or code to compare with the model.
Ideally, this would be done by having the specifying user
review the model. However, such a review would require the
user to become familiar with the modeling structure and
protocol, Within this study, the primary users were con-
strained in the time available to learn the modeling struc-
ture, so a simpler approach was taken, Each functional DFD
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was reduced to a narrative description, and verbally confirmed
with the user as accurate, Any discrepancies or changes were
incorporated into the DFD.

Summary. The requirements definition model provides a
concise description of a required system in a format compatable
to the existing system model. The development of this model
presented a different set of problems than those described for
the existing system model.

Attempting to extract useful information from the user
was perhaps the greatest challenge, It was difficult to get
the user to talk in terms of functional capability rather
than svecific ohysical desires. Another problem encountered
was similar to the "second-system effect" as described by
Brooks (Ref 3:55-58). Users tended to view the existing
system capabilities, and suggest several "frills" to add on.

Problems with the development of the DFD's were similar

to those for the existing system. Several subjective decisions

were necessary to complete the model.

The described walkthrough procedure resulted in some
communication problems. The user was unable to understand
all concepts explained in a DFD narrative description. Several
specific ideas in the DFD had to be expanded before a ques-
tionable point could be resolved.

The completed model represents a system that would
satisfy the user requirements. The next stage of the eval-
uation is to compare this model with the existing system.




Comparison of the Models
The purpose of structured evaluation is to provide the

user of an existing system with a set of recommendations for

improving the effectiveness of the system., These recommen-

dations are based on a comparison of the existing model and
the model of the required system.

Data flow diagrams are a functional decomvosition of

Attempting to compare two such models is meaningless

a system,

unless there exists some similarity in the functional break-

down of the two systems Although the defined functions do

not need to be identical, the required system should be either

a subset or superset of the existing system. This provides

for comparison of similar functions, deletion of existing

functions which are not required, and addition of new functions

not already existing. The only difference in the functional

breakdown of the two IMLAC models is the lack of a Disk Main-
This is a result

tenance function in the required system,

of no user defined differences from the existing system,

Proce&ures for completing the comparison will be briefly

discussed.
The first step in comparing the two logical models is
to select a function and review the first level DFD's for any

Since the first level DFD's represent a general

differences.

overview of the function, differences at this level usually

indicate a discrepancy in the concept of the function. That

is, either the function is not complete, or the function

contains procedures which may be contrary to the requirements

]
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of the user. The Host Graphics function (Diagram 5 in Ap-
pendix B) of the required system is an example of this type
of discrepancy. The function has been expanded in this model
to include software routines on the host machine. All dis-
crepancies ip the first level decomposition should be marked
for consideration in the second level review, Examples of
such differences include changed data flows and additional
outputs,

The second step in the model comparison is to sequen-
tially select and review all second level decompositions of
the chosen function. The corresponding DFD's should be checked
for any discrevancies, and noted accordingly. It is important
to consider differences imposed by changes in the high level
parent, Differences at the second level indicate a discrepancy
in the realization of a function rather than in the concept.
For example, in Diagram 1.1, both models depict the concept

of interpreting user commands, The required system delineates

‘between regular commands and special purpose commands.

After all second level DFD's have been reviewed, the
third step in the comparison process begins. All noted dis-
crepancies for the selected function must be reviewed for their
relevancy, and meaningful recommendations generated., An ir-
relevant discrepancy is one that does not affect the operation
of the system, For example, the Operating System function
(Diagram 1) shows a file and data flow discrepancy. However,

this particular difference is only in the existing system im-

plementation, and has no effect on the desired capabilities
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of the required system, Thus, it is disregarded for recom-
mendation. Another type of irrelevant difference is an added
capability which in actuality exists in g different form, For
example, Diagram 2.4 shows an added capability of multiple
file deletions as a comparison difference. This capability
exists in the actual system, but failed to show up in the
model because it requires a combination of manual file-naming
conventions with the automated capability. Such irrelevant
discrepancies can bea result of deficiencies in the médel, or
of a lack of understanding about the system capabilities by
the user. Several such differences are avoided when the re-
quired model is created by explaining to the user how different
features can be implemented on the existing system.

Deriving meaningful and useful recommendations from a
set of discrepancies is a difficult task. Several consider-
ations must be accounted for in suggesting improvements to the
existing system. Two such considerations are: the feasibility

of the recommendation, and the resources available to the user

to acéomplish the recommendation. There is no set sequence

of procedures to develop recommendations from the comparison
discrepancies. To organize the recomrendations, three cave-
gories are used: hardware, software, and procedural.
Hardware recommendations are based on expanded capa=-
bilities to facilifate desired improvements, An example is
the addition of an in-office host minicomputer to resolve
host graphic requirements, Software recommendations include

specific programs to be developed and modifications to some

A
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existing utilities. Procedural suggestions encompass docu-

mentation, system operating policies, and other aspects of

management.

The complete set of discrepancies and associated recom-
mendations for the IMLAC is presented in Appendix C. These
lists are a direct result of structured evaluation, and are
presented to the Evaluation and Optimization Branch of the
Alr Force Flight Dynamics Laboratory for consideration.
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IV. Conclusions

Summary
Several software engineering techniques are available

to define system requirements in a life cycle. The advantages
achieved by these techniques are desirable in an evaluation

of an existing computer system., To realize these advantages,

a variation of De Marco's structured analysis methodology is
developed for application to an existing system, This derived
technique, known as structured evaluation, is applied to an
IMLAC PDS-4 graphics system for illustration. Structured
evaluation consists of three phases: current system model,
required system model, and model comparison.

The current system model is a graphical representation
of the functions performed by the existing system. The mod-
eling format is identical to the structured analysis technique,
and consists of a series of decompositions, called DFD's,
which‘depict the functional system in increasing detail,
Modeling is accomplished in four stages: system familiarization,
function identification, DFD development, and model verifi-
cation. The IMLAC model contains two levels of abstraction,
and is shown in Appendix A,

The required system model is similar to the current
model, but represents system requirements as defined by the
user, The same four modeling stages are repeated for model
creation, but with different methods of implementation.
Familiarization is performed through user imterviews about
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desired capabilities, mission requirements, and existing

- problems. The same logical functions are used for both models

in this study to enhance comparison and provide a framework
The required IMLAC model

for interpreting user requirements.

is also restricted to two levels of detail, and is shown in

Appendix B,
Model comparison is a procedure of defining discrep-

This pro-

anclies between the existing and required models.

cedure is accomplished through a systematic review of the

corresponding function DFD's. Resulting conflicts must be

inspected to isolate deficiencies in the existing system.

Possible solutions to the discovered deficiencies are examined

in regard to available resources and feasibility. A set of

discrepancies and recommendations for the IMLAC is presented

in Appendix C.

Observations

Modeling the existing system in structured diagrams

proved an effective tool for learning the entire system. All
aspects of the operating system had to be thoroughly investi-

gated to complete the model., Any areas which were not as

well understood became immediately obvious when modeling that
particular aspect. Examining the system details as the model
progressed provided a sequenced approach to investigating the

entire system., This structure supplied a framework for ac-

complishing the enormous task of learning an entire operating

system, A
Definition of logical functions forced the analyst to
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view the existing physical system at an abstract level,
This provided an understanding of the relationships between
individual components and of the global structure of the
system, An example of this viewpoint is illustrated in the
developed user's guide in Appendix D, The system is viewed
as a series of functional areas rather than individual pro-
grams, Generation of these functions was not a straight
forward procedure, but required several redefiritioms,
Although a goal of the defined functions is to maintain a

common level of abstraction, this could not be easily dis-

cerned until the actual modeling began and detezils were in-
vestigated. Thus, it is possible to discover after completing
several DFD's, that the functional breakdown is not satis-
factory, and the effort must be restarted. ..

Modeling the existing system with only'Sne analyst
created a problem in model accuracy. Several decisiéns were
arbitrary in nature based on personal interpretation of the
functions. Since no other person could verify these declsionms,
there was no cross check for accuracy. Having only one analyst
resulted in another disadvantage concerning the value of the
final model. The model is a concise representation of the
system and could be a useful tool for documenting the flow of
the system, but only to someone familiar with the modeling
technique, Since the ﬁsers of the system have no training
in understanding the model, several possible advantages are
lost,

Modeling the required system was simplified by using
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the same functional descriptions for the system. Interviews

were conducted using the existing model as an initial guide

for questions. Development of the DFD's started with the

existing diagrams as an initial position and modified them

accordingly. In several instances, the existing system DFD

was assumed sufficient to describe the required function,

and the DFD was used intact.
Extracting complete and useful information from the
users was the greatest challenge in building the required
Often, a desired capability which already

system model.

existed in one form or another was expressed as a needed

requirement. Also, users tended to talk in terms of specific

physical desires rather than functional requirements. As

in the existing system modeling process, several interpre-

tations of the function had to be developed.

Model comparison was mainly an administrative task.

The actual additional requirements were discovered as the

requi?ed model was being created. Since the existing model

was used as a baseline for the second model, the only items

which influenced changes were those requirements not already

A formal comparison

existing, or existing and not wanted.

was mainly used as a check to determine which of these dis-

crepancies were valid, and which were a result of errors in

the model or user misunderstanding.

The results of the model comparison pointed to the

Devel-

problems with the system, but not to the solutions.

opment of a meaningful set of recommendations based on the
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discovered discrepancies was an integral part of the eval-
uation, but was not well defined. Although software engin-

N~

eering disciplines exist to generate designs from the re-

§4~ quirements, these techniqgues do not address the modification
' of several programs involved in one functional discrepancy.
Recommendations were made in three categories based on per-
sonal observations of available resources, technical ability,
and the political environment. These recommendations were

E directly developed to assist in problems discovered from the

structured evaluation approach.

Recommendations

Structured evaluation can be z valuable tool for deter-
mining a system's ability to satisfy user requirements, The
methodology described can be accomplished in a series of
steps to discover problem areas. The following recommendations
are suggested as additions or deviations from the described
process:

1. TUse more than one analyst as a check of interpre-
tations and results,

2. TUse the same functions for both models as much as
possible. This aids in comparison and model
generation,

3. Train the user in the modeling conventions, or use
a technique he is already familiar with, This
assists in model verification, and provides a useful
document after the evaluation effort.

4, Carefully consider the level and validity of the
defined functions prior to modeling to avoid major
remodeling efforts.

The concepts of structured evaluation can be utilized

in other areas of implementation, Some possible applications
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are system familiarization and development verification,

Modeling is a powerful tool for learning a system,
It also provides a concise functional representation of a
complex system., These advantages suggest the possibility
of using this technique for gaining familiarity with an un-
known system not necessarily being evaluated. This effort
provides the analyst with a structure for learning the
system, as well as producing a useful piece of documentation.
The model can be used at a later date for analysis of modi-
fications, reference of system flow, and as a guideline for
other system documentation such as a user's guide.

Another possible application of structured evaluation
is as a tool for requirements definition ard subsequent veri-
fication of a new system development. A normal requirement

model of a non-existing system can be created based on user

‘" interviews and studies, as is normally done in structured

analysis. After the system is developed, a similar model

~can be created of the developed system to check for discrep-

ancies with the specified requirements. This process is the
reverse of structured evaluation, but results in a similar
comparison. An advantage of this 'reQerse structured eval-
uation" is that the user interviews will not be influenced
by an existing system.

Structured evaluation is a viable software engineering
tool to analyze existing computer systems, Further study is
needed to develop a structured approach for generating pos-

sible recommendations from a list of model d@iscrepancles.
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However, even without such a methodology, the ability to

define problem areas utilizing a structured approach en-

hances the completeness and accuracy of the results,
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Appendix A
i {
3 o Existing System Model

USER QUTPUTTED

InLecC

GRAPHICS

SYSTEW

B THMLAC GRAPHICS SYSTEN )i

TEXT:

The IMLAC gravhics system receives its inoput from either
a terminal user or a2 commected host comnuter. The user can
input commands through the keyboard, data switches, or light
pen. The host interfaces to the system through a communication
channel which is connected via a telephone modem, Output from
the system is transmitted back to the host, or to an output
peripheral such as the display screen or the printer,
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The normal user command to the operating system consists
of two portions: the name of the file to be executed, and some
specified optional parameters, These parameters are written
to a command file which is read by the program once loaded and

put into execution, The file name is used to load the appro-
priate file off the disk,
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{ 1.1 INTERPRET commaNd |

TEXT:

Two basic functions are performed by the interovreting
program of the IMLAC: accepting user input, and displaying
system information. The information is located in system
tables which are built from data stored on disk and user
supplied data, User input is broken into the two categories
described in the overating system text, The file name portion
is further defined as either a system or user file, This
breakout is necessary to create the correct name of the file
to be loaded,
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TEXT:

The file name input is either the system or user file
name generated from the command interpretation, The file's
existence is verified using the disk directory which resides
on a separate IMLAC file, The appropriate entry in the direc-
tory is used to validate that the user has the required per-
mission to use the file, and to determine the physical location
of the file on the disk, Once read, the file is loaded into
the correct locations in memory. Ail errors are written to
an error file for use by the operating system,
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TEXT:

File execution requires the determination of the starting
address in memory. This is found from information in the file
which contained the program or from user supplied data. Actual
execution simply involves placing the starting address as the
current executing address.,
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DIRECTORY
; QUERY
5 FILE
D U INFORMATION
* QUERY
v,
—FASTER /- N
prmectory/ B[ cHaNNEL INFORMATION
| .2. FILE MAINTENANCE B
TEXT:

File maintenance is divided into five logical functions
as specified in the diagram, ZXZach separate function requires
the user command (which includes the command file), and some
other source of information, The file information outout is
directed to an output device for user viewing.
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TEXT :

Command interpretation is a straight forward task of
reading user input, collecting it into a usable format, and
verifying its validity.
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TEXT:

The process of loading a2 file is identical to the same
process described in diagram 1.2, It is included here for
model completeness.,

&




oy et i i o b s s o i e o v : i i Lol B g Pakes $ i N
= L~
e I s e e S S . : i -

U P

TEXT:

File storage requires several checks to be accomplished
prior to the actual writing to the disk, If the file is found
to already exist by the directory search, and the user has the
proper permissions, the existing file must be deleted and a
new file created before the loaded file is stored. If the file

is new, the file is created directly, The file creation involves

updating the system tables and making the space available., The
new file name is then entered into the file directory. For-
matting the file for writing may require information provided
by the user,
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4 TEXT:

i 1 Deleting a file requires the existence of the file and

E the permission of the user to modify it. Once eliminated, the

1 file information is used to update the appropriate system
£ tables and directory.




TEXT:

The modify command must be validated to ensure only
authorized changes are made, The standard directory and per-
mission checks are made for the file, The actual modification
is only on the directory entry, such as a nsme change, or
permission update, The new enﬁry is writtem to the directory.

e
el R S et e et

i
8

A
5
&




T T

1
5
:

2 2

O

T R N S ———— e s 6 S AR AR ‘.-“;.:_,__;. .

TEXT:

Similar to file modification, the querying of a file
only involves the approvoriate directory entry. The query is
divided into three types: on a specific file, on the entire
directory, or about system information. For the file request,
the information is derived from the directory entry and formatted
for output. The directory and information queries require
either the entire directory or system information tables to
extract the requested data, The formatted output is sent to
:ge printer or display depending on the command issued by

e user,
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E | TEXT:

Local graphics is the process of generating displays
using only the user input and the IMLAC computer, These dis-
plays can be created, displayed, and edited. To provide for
continuous use, the files can also be stored to and loaded
from a disk file. A hardcopy of the display is also available,
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TEXT:

Loading a grabhics file is similar to other file loadings.
The difference is that the user must specify the memory location
to read the file into.




TEXT:

To create a graphics file, the user command is inter-
preted as one of six disvplay instruction types shown is the
diagram, The appropriate display instructions are generated
and collected to produce the created file, Internal to each
instruction generator, user interaction may be required to
complete the amount of information needed for that type.
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TEXT:

Displaying a graphics file requires the master display
1ist be updated based on created or loaded files. The master
1list is either executed by the display processor or not, de=
pending on the user command.
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b | Several types of graphic editing are available to the £
E | user., Each of these require that the desired portion of the B
| display to be edited is specified by the user., The display g
b | instructions associated with this portion, or structure, are
| then modified to create the desired change,
. O
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TEXT:

The output device for disvlay storage must be inter-
preted as either disk or plotter., Storage to the disk is
similar to the process describe in 2.3 with the exception that
the file must not exist prior to the storage. Plotting the
di;play to the plotter is a hardware function initiated in
sof tware,
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TEXT:

; Command intervretation is a straight forward task of
E reading the user input, and interpreting its function. Types
E | of user input are keyboard and light pen.

) 3
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TEXT:

Host graphics is the process of developing displays
from commands issued by a connected host computer, The
functions verformed are similar to local graphics except for
| loading and storing complete displays and the ability to
‘ query the graphics., Information obtained from these queries
“af is sent back to the host machine,
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TEXT:

The creation process is similar to the szme function in
the local graphics diagram, 3.2. The only added capability
is the axis command which draws an x,y axis,




TEXT:

Displaying the graohics is identical to displaying
local graphics described in diagram 3.3. It is included
here for model completeness,
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TEXT:

Allowing the user to supply information to the host
from graphic queries is a central theme for interactive
graphics, Utilizing the different means shown in the diagram,
the user can provide the host with a source of input based
on visual interpretation of data results.
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TEXT:

Editing host graphics differs from the local capability.
The only functions provided are adding or deleting defined
subpictures. The other functions listed in diagram 3.4 must
be accomplished at the host with a new structure created.
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TEXT:

Interpreting the host command is the same as for local
graphics with a different breakout of command types.
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TEXT:

TTY mode is the means for communicating with a host
time sharing system. Information from the host is interpreted
using specified parameters from the user, These parameters
define the type of communication, data format, and whether
to display the input or put it directly to a file, The user
input is separated into parameter definition, local commands,
or normal input to be sent to the host. Using local commands,
the user can send or receive entire files of data,
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TEXT:

Several parameters can be defined by the user as illus-
trated in the diagram, These parameters are used to interpret
different data formats and set transmitting characteristics,
The requested parameter change is displayed for the user,




IEXT:

The host input is read and interpreted using the par-
ameters set by the user, Depending on whether the user
specified the incoming data as file information or not, the

input is either written into an IMLAC file or displayed on
the screen,
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TEXT:

The user input is interpreted as one of four types.
Normal input is correctly formatted and sent to the host,
Two types of file commands are recognized to send and receive
entire data files, The fourth input type is to modify the
user specified parameters.
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TEXT:

Host information destined for an IMLAC file is collected
into buffers the size of a disk sector. The correct address
for writing these sectors must be determined from the par-

ameters set by the user,
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IEXT:

Host information which is not written to a file is
displayed on the CRT, The input must be interpreted to be
printable and defined as display instructioms to 2dd to the

existing display list., The display is constantly refreshed
to remain visible,
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TEXT:

When an IMLAC file is sent to the host, the user's
g | permission to send the file must be validated., The file is
| then read into memory a sector at a time, The sector is
| transmitted a byte at a time after proper formatting.
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TEXT:

4 Normal user inovut is displayed on the screen along
E with being transmitted to the host. The imput must be for-
matted correctly before transmission.
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TEXT:

Disk maintenance
shown in the diagram,

is divided into the four functions
Physical disk cartridges used as

input or output are shown as a source or sink for the data.
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TEXT:

Interpreting the command is identical to the function
described in diagram 2,1. It is included here for model
completeness,
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TEXT:

The disk copy command contains the source and destin-
ation disk drive for the copy. The cartridges on these
drives are validated for user permission to modify. The disk
i1s copied a sector at a time with errors displayed.
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TEXT:

Disk checking is a series of sector reads to determine
if any error statuses occur. Another check is that the
amount of occupied space on the disk agrees with the sector
occupied table contained in a file on the disk, Errors from
this comparison or from the read are reported to the user.
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TEXT :

Modifying a disk ID is accomplished in two stevs.
First, the user's permission is validated and the current
ID is displayed, Next, the user enters any changes to the
current ID which are used to format the new ID and written
to the disk,
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TEXT:

Disk queries consist of statistical information about
the disk status. This information is computed by sequentially
reading the entire disk and building the corresponding report,




A

TEXT:

Program creation refers to the generation of executable
object code from either a high order language or assembly

ge. The four steps in accomplishing this task are:<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>