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1.0 INTRODUCTTON

During the Past decade there has been g3 growing realization
that the many tools designed ang Created to assist the softwa¥e
development Organizations and more lately the Software maintenancef
activities have basically failed. This failyre is. manifest by a
lack in reduction of development costs, no Significant increase in
RProgrammer productivity and the software’s deliveregd quality remain-
ing at or Near the same levels, Upon invesﬁigating this failyre it
is cleér that the blame resides with the.actual tcols developed.

- MOst of thege tools were deéeloped, and thug focused their Support,

as'implementntion. or testing, while ignoring all others. This
inability to provide g real angd comprehensive SUpPpPOrt base for the
software development effort is the main contributing factor to thig
failure. In addition, most tools force the user tqo adapt to the
incantations and protocols of the_ tools and the Philosophiesg of

their Creators.

to be continuously Supportive to the user ip each phase ang role of
the software developmentrprocess [10). such 4 supportive configurg-
tion of tools, work place ang equipment ig referred to as 4 software
development environment; . The €SSence of thesge software development
énvironments ;g the synérgistic integration of tools in order to

proVide a strong, effective-support for a software job.
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This Paper addregsges S0me of the tools

associated with the
Management of Software development pr

ojects/programs.



ware development, Programmatic toels ang automated techniques. A
Specific requirement for each tool is Provided. These requirementsg
relate the Software engineering methodologies to  good engineering
mManagement Practices, Secondly, any knoﬁn €xamples of tools thar
Partially or Completely address the techniques are discussed ag to
Capabilitieg and availability. Then any problems, limitations, or
restrictions On  the use or usefulness of the toolg are provided,
Finally, a discussion of trendg and future activitieg are provided,
A number of software engineering techniques have been found to
be highly COSt effective on laroe Software Projects, Such ag early
Project Planning, thorough requirementsg and design Specification and
validation,. early development of user-“g documentation, use of unit
‘development folders and configuration management techniques, and
inaependent Project testing., 1p general, these techniques reguire 3
large amount of documentation and early.non~programming activity on
large Projects, Mote importantly, to be effective they must be well
Planned and be Capable of being assessed. Too often the knowledge
of what to do ig available tq the Project, occaeionally an adequate
amount of planning effort is 8Xpended to provioe 4 good basis for
the project, but rarely do the projeots easure anq track Perfor-
mance to that knowledge and those Plans with the same detail, |
This is pot because it ig Not  recognized as important, pyut
rather that i+ is harg work, and smalil Perturbations can fesult in

Significant rework andg replanning. Too often this jig neglected or



Opment tagks, Unfortunately, neglect in this area resultg ip rProb-
lems, often major, downstream, Therefore, automated techniques to
assist in the Project Planning (scheduling, task assignment, criti-

cal path dnalysisg, and Performance Measurement) are critical +o a

Strong development environment,

There are extensive lists of scheduling and Performance mea-
Surement Software Packages available, The following identifieg a
few representative units..

The Critiecal Path Analysis [3] Program assists jinp the Planning
and Management of 4@ Dproject where the interrelationships between
activitieg and functional .areas gare Rumerous ang involved; if the
responsibilities for various Phases are fragmented or widely Spread;
Oor if the Project is s large or Complex it ig difficylt to visusl-
ize as 3 whole, This Program assists in Project Management by using
the systems Concept for planning, scheduling, and contrel of an

Organization-“g Project objectives and plans,

ities with & particular Project. The System can effectively control
the project in the areas of time, cost, end Manpower, 71 points out
Current and'potential Problem 'areas and allowys for adjustment,

refinement, ang tescheduling of effort,

CeNsus on the actual performance Capabilitjeg for such a system,



Then Capabilities should he developed from a documented software

engineering development methodology.

2,1 Software Cost Estimation

It should pe noted that'evén with the mbst optimistic view con-
cerning scheduling ang Performance Measurement, thege techniques
will only help a project if the initial estimates of the cost, and
realistic cost profiles by task, have been used as the bagis of the
initial plans [8], [97. Two examples of this type of pProject man-
agement tools are Software Cost Estimation Program (SCEP) ang the
Constructive Cost Model (COCOoMO) .

SCEP applies o projects (greater than five Man-years) produc-
ing deliverable software. It calculates development effort in man-
months beginning from. & baselined get of ‘software requirements
established at 5 Software Requirements Review (SRR),.and énding with
the completion of software acceptance testing. |

To use SCEP, g3 software System must firgt be partitioneq into
Subsystems, ang the subsystenms into units, Then e@ach’ subsystenm and
unit must be described in terms of 3 get of cost driver ratings,
These cost drivers include the Source code language, éxecution time
constraints, storage constraintsg, data Storage constraints, computer
access, required development on a target machine, ‘computer experi-
ence, applicationskexperience, required quality, Security environ-
ment, requirements volatility, use of software tools and a basis of
estimate, _Once these data have been input, ~ the program'develops
cost estimates for the_system, subsystems, and units by each rhase

and for the total project.



The Constructive Cost Model (COCOMO) [8] is a partly analytic,
partly table-driven model. It accepts descriptions of sbftware com-
ponents in terms of their size and their ratings with respect to 16
cost driver attributes (e.g., hardware constraints, data base size,
required fault-freedom, personnel experience, use of tools, and
regquired programming practices}. It uses these to calculate the
amount of effart (and resulting dollar cost) reguired to develop
each component énd ﬁhe.overall system, and provides a breakdown of
the effort and cost into four major development plans.

The use of these tools, and others 1like them will depend on a
more formal description of the metrics that are to be applied and
how to better estimate their weights. -This should result in better
cost estimation by reducing the subjectivenesé of the inputs. |

2.2 Configuration Management

Software configuration management [11]1, [2], 1is designed to
énsure an orderly control of software products produced ih the soft-
ware development process and to provide an effective mechanism for
incorporating software changes, both ‘during development and during
program operational use. These objectives are addresséd through the
following activities: |

(1) Establishing approved baseline configurations for the com-

puter programs and supporting documentation;

(2) Maintaining configuration change control over all units

under baseline control; |

(3) Providing traceability for all modifications and reported

problems to all units under baseline control.



These activities, if performed manually, are labor intensive,
dull, and thus prone to human error. They also are well matched to
attomation.

The following example is the closest commercially available
system. It 1is an inventory control package used to implement an
inventory management and material planning system for manufacturers.
It is divided into four phases. The inventory piénning phase pro-
vides for the analysis of inventory items baéed on usage and cost.
The projection phase analyzes historical demand data and establishes
estimates of. demand for future time intervals. The requirements
planning phase determines requirements for component parts, subas-
semblies, and raw materials. An output report provides detailed
requirements information, and an exception report higﬁliqhts problem
areas. The execution phase processes input transactions to update
the item master record.

2.3 Documentation

Concurrent documentation is required for each task in the soft-
ware engineering methodology framework [5]. The.documentation walks
are in step with the development process and for the first part of
the project is the only product.

Docﬁmeﬁtation preparation and proceésing, word processing, and
document control software abounds [41. Presently multiple volumes
of references’ to this type of code exist {11, [41. Specifics will
not be providéd on any standal@ne system; however, the following
description relates to a document generator for Digital Equipment

Corp. (DEC) computers and thus is provided as a representative class



of software that many machine vendors ang other software houses are
Currently marketing,

Runoff [11] Provides an automated approach to Preparing, main-
taining, ang Producing narrative documentation. The Package pro-
vides many capabilities of g3 text~editing system but does not

require the learning of complex editing ryles Or commands, Output

The Runoff pPackage consists of two Programs; the documentor
Program and the concordance Program, Input can he recorded on
cards, tape, or disk, In addition, input from the Source statement
library can be Sspecified. The input Consists of the original user
test ang control information. Through Simple Parameter control, the
user Specifies the number_of Ccopies, linesg per page, data insertion,
revision.number indicators, headers, fii characters, Spacing; ang
the like. From this input, the Runoff Program builds (in upper- and
lower-case characters, if desired) a table of Contents, finisheq
tekt,_and an index, The concordance Program accepts any input that
ie acceptable to Runoff 3ng Provides gan alphabetical list of all
user- supplled words with carg sequence numbers-of'each word”s oceu-
rence.- The Primary function of this output is to help.the nser Pre-

pare tables of Contents anqg index entries ang ~detect 'spelling

The pProblems with this type of software ig closely related to
that of schedullng and performance Measurement, In Particular, the

majority of these systems, especially those with significant capa-



bilities, require separate Systems of hardware ang software or
reguire g significant amount of +the mainframe reéources. In addi-
tion, traceability from document to document are not generally
available, Other similar documentation Support systems are SOLID
[16] and poCUMENT [127.

In discussing an integrateg development environment, Newman
(71, expects the documéntation system, among other things, +to he
consistent frop one level to the next and able to Pass documentation
among levels. Thus, from this novel pPerspective, the collection of
tools ang methodologies can be thought of a8 a documentation system.

2.4 Project Management

nology of software development, Although the methodology of soft-
ware engineering as & discipline is relatively new, software
enginee:s have Progressed to the point where many major issues rele-
vant to software production héve been identified, PracticalgWofking
tools to support improveé software Production are commonly avail-
able, |

Software engineering project management has not enjoyed the
Same program. Where it might be argued that approaches_to projéct:
management have‘been defined, they are far from éonsistent and do

not provide 3 recognized discipline, Software developers who have



(147, The following eXamples addresgs a few of the Project manage-
ment efforts thas have been automated.

The Scheduling ang Resource Management System (SrRMS) [5] is an
interactive decision—support System for Planning ang controlling
Projects ang resources, Its uses range from Project management and
manpower loading to Frequirements analysis studieg and zero-based
budgeting Systems, The systen offers an interactive command lan-
guage and three modes of Operation,. The systen includes Project
monitoring, resource constraints, support of Precedence hetworks,
and CPM analysis., . 71p addition, the modeling and simulation compo-

nent accommodates “what if~” analysis and comparison reporting.
analyze several key dynamic software Project scheduling issues. SD,

tion of feedback control syétems Principles. The SD approach begins
with an effort to understand the System of forces that hag Created 3
Problem and oontinues ﬁo Sustain Cit. Relevant data are gathered
usually from gz variety of Sources (literatUre, informed'péople). As
SoOn as a basic understanding has been gained, the mocdel is devel-
oped. The model Starts off as g set of_loéical diagrams showing
Ccause-and-effect relationships. As soon as is feasible, the visual

model ig translated into 3 mathematical version. The model ig
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refined by a process of iteration, while a final version is agreed
upon.

The past efforts {91 and future activities [1] [6] are directed
toward the large project management.efforts. Neglecting those that
Pertain to the needs of medium and small size.projects.

2.5 Automated Qffice

The essential components of any information—handling system are
Input, Process, Storage, Distribution, and Output, These functions
are easy to identify in a standard software development. The input
invariably consists of words thét are captured initially in éome
vague medium such as handwritten drafts, memoranda, requirements and
Statements of work, or technical direction. The Processing function
can be more aptly described as a conversion function because its
main purpose is to convert these unstructured inputs, which are not
universally understandable, into formatted, documented, universally
ﬁnderstandable outputs. The outputs are generally typewritten orig-
inal documents with some number of copies. One or more of the
copies is usually filed centraily while the reﬁaining éopies of the
output must distributed among the project and user personnel.

The literature contains volumes of information concerning text
Processing, word processing, and the automated office [137. There-
fore, rathef than provide one or more examples of these systems it_
Seems thaf a list of commonly incorporated features is of more
intefest. Some of the more useful features for a software develop-
ment facility and environment are the following: electronic mail;

optical character reader, automated calendar, telecommunications,
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Printing and duplicating, automated libraries, automated filing and
retrieval, angd training.

. Software engineers, systems analysts, project Managers and pro-
grammers alike work in relatively-unstructured situations; they pro-
duce and communicate ideas. Therefore, not every office automation
'system satisfies the needs of software development environments; an
example of a system that does is Xerox“s Star Professional Worksta-
tion [1l67. An approach to Supporting work in the office using and
extending ideas from the field of artificial intelligence (AI) is
being implementeq at MIT [17]. In the software development view of
problem solving, the désigner Or programmer has a well defined ini-
tial state, for example the configuration of an inventory control
subroutiné, a well defined state, for example to add a feature to
calculate the cost of unused storage space, and a finite collection
of actions or State transformers. The characterization éf problem
solving is thus being defined in terms of 3 prdblem solving process
that can be aided by a knowledge based éystem.. It consists of a
database with information aboyt similar situations reported by
experts in designing/implementihg inventory control systems, The
knowlédge based system then Screens the information and provides the
user with glimses of alternate ways of solving the stated problem,

Researdh in this direction will,. 1f tailored to the needs of

software development environments, provide the foundation for the
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3.0 TOOLS FOR TYPICAL SOFTWARE DEVELOPMENT ENVIORNMENTS

The approach to program development through the use of a stong
standardized software development methodology can be applied to all
levels of software development. The difference between the small 5
man project and the large 500 man project is only in the formality
and structure applied to the process. - Therefore, the support envi-
ronment conceived here is based upon a single methodology with auto-

mated tools replacing manual methods only when it is cost effective

to do so. The inteqration of these tools and their application must
provide é single and uniform user interface that is the same in a
manual approach to an automated one. The programmer then deals with
his project uniformly in terms of software engineering methodology.

Modularity of the methodology and the application of tools
according to that methodology provides the needed consistency.
Modularity also restricts the scope for each devglopment verificaQ
tion stage making it much more simple and efficient. The fact that’
& tool resides in a well defined environment, i.e., specific tools
exist and they are applied at appropriate times, can also be used to
simplify the design and implementation of that tool. To enhance
this cooperation all tools share é common program represeﬁtation'--
the syntax tree representation ang .a common database. This avoids
the usual necessity of constructing one representation in terms of
another or of having to develop interface code.

The major impacts of this approach to a software development
environment is its integrateqd approach and the fact that it provides

an interactive environment (either manual or automated) based on



2 single software engineering methodology. The development environ-
ment is now viewed as a single system rather than as a set of inde-
pendent tools, There is a smooth transition between the tools and
the phases of the project. In addition, the project control and
management is an integral part of the iniﬁiél planning and continues
throughout the development. Lastly, the tools are generally not
visible to the developer or manager as they requiré the same inputs
as do the manual processes and thus their existence or non-existence
on a project has minimal impact.

? Four classes of software development environments are being
proposed. Each can now be built using state-of-the-art technology.
The environments were designed by analyzing the life-cycle products
generéted during a software development project. The environments
contain tools and techniéues that éan be used to construct those
products. Four classes of software projects were also considéred to
match the environments, a small-sized data processing project, a
medium-sized signal processiﬁg project, a large~sized data process-
ing'project, and a large-sized embedded real-time system.

The ﬁools and techniques included in the four environments are
summarized in Table 1. ‘Tools are identified as either manual (M),
automated (A), or both (M/A). The environments are consistent not
only in their use of the individual tools and techniques listed in
the tables but also in the software engineering database. The data-
base is the basic unifying, integrating component in each of the
environments, Environment 1, which is the most austere from the

view of automated tools and techniques, is still expected to develop
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and maintain a database of all the information from the project.
Enviromment 4 with its full complement of tools demands that the
database exist from the very start of the project.
As may be noted, two classes of tools and techniques were pur-
posely exclused_from the proposeqd envirconments:
© those beyond the current state~of~the-art -- such as trans-
formational programming systems: and
© those whose range of applicability is highly restricted or
whose cost-effectiveness is open to question -- such as sym-

bolic evaluation and Program mutation testing.
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4,0 CONCLUSIONS

The tools identified relate to the chosen software engineering
development methodology and are designed to indicate typical exam-
ples and are certainly not complete. However, the generic indivi-
dual tools exist as presented in this paper and the software engi-
neering development methodology that was selected is one that is
generaly recognized as a standerd approach [11],

Automated tools to support software development environments
should, in most cases, be understood as facilitators of activities
within a well deflned software engineering methodology. Further-
more, they must be integrated with the program/project management
pPractices and the techn1cal areas associated with the methodology.

The need for a structured methodology for the development of
software systems is widely recognized. Part of a current effort of
a research group at Virginia Polytechnic Institute and State Univer-
sity_(VPI & SU} is directed toward the creation of a system develop-
ment methodelogy that integrates methods of human factors analysis
with software engineering for improved ‘management of the software

development process.

-16-



T.

III.

iv.

7.
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Iools Invirsnments
Size: T Sail Hedimm Large Largs
Type: Data Signal Data Zmbedded
?r‘ocessi‘ng Pmcessing Pr‘ocassing Aedl-time Systam
I. REQUIREMENTS ANALYSIS
Charts and Diagrams M 3 S
Progse Specificasion A i A i
Test Plang M R i A
Machine fieadanle Specification o M ES E
Specification. Archive M M 4 4
Specification Cmss-ref’erence M A i E
Specification I‘raceabili:y Macrix M i 4 ES
Specirication Review M M M A
DESICY
Funecticnal Design Specification M M a i
Design test Plans. M M A L
Data Dictionary M A 4 4
frogram Design Languagas A 4 i ES
Interface Verification M M M E
Medule Cross-reference i 4 4 4
Desisn'Specifica:ion Archive M M A
Design Reviews M M M S
Design Build Development M M E A
PROGRAMMTNG
Taxt Manager . 4 El a
Souree- Cage Manager 4 LS 4
Program Gross-—-re:‘erence A L A
Program Test Plana M M A i
Configuration Managemens o M M a
Source Code Farmae M M Y Y
Scurce Cade Bebug. “ 4 L E
Progran irchive. M M a A
Code Walk«tnmu.ghs M M M A/M
Verification
Flle Compapator LS 4 L8 A
Test Critepia Analyaig M M A A
Functiopal Verification M a A i
Unit. Verirication M M M/4 A
Test Daea Generation M 4 S A
Performance. Monitor M- M 4 A
Control Flow Analysig M- - M A A
Dﬁ:a Flow analysis M M M A
Test irchive " i A a
Rewtest Determination 4 L3 A &
Test Conduct 3 M & A
MANAGEMENT . -
Scheduling . 3 M/3 A 4
Ferformance Measyrement M- M/R 4 4
Project Plan M A/M i
Project Status Report hi A )4
Project Financial Repory 4 4 4
Confizuracion Managemen M M H/A i
* Documentation . & MR & B ¢
T M/ 4 3
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