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Management of Software Development

H. Robert Downs
Science Applications, Inc.

1257 Tasman Drive
Sunnyvale, CA 94086

1.   Introduction

Development of software is well known as a very difficult management problem. When the
software is a part of a complex telemetry system, the management problem becomes
particularly complex; particularly if the software is not well defined before implementation
begins.

This paper discusses some of the problem areas in software management with particular
emphasis on the requirements and design stages. In a telemetry system development effort,
the system designers must decompose system requirements into requirements on various
subsystems. This process is particularly apt to lead to software requirements which are not
well defined, impossible to meet or inappropriate for the hardware on which it is
implemented. This paper addresses methods of performing and managing this type of
software development.

2.   The Software Development Process

The Navy has produced a software life cycle document which describes a number of steps
in a typical life cycle. These are:

1.  Conceptual Stage which involves conceptualizing the task to be
performed.

2.  Procurement Stage which involves writing the RFP and carrying
out the procurement.

3.  Requirements Definition which is usually developing a formal
specification of the requirements by the
contractor



4.  Design which involves specifying a careful design of
the software to be developed.

5.  Coding and checkout

6.  Testing

7.  Integration which is often performed with the testing
effort.

8.  Operational Test and Evaluation which is testing the system in a realistic
environment

9.  Maintenance

Each of these phases has some unique problems and requirements for managing the effort
and carrying out the tasks. This paper is concerned primarily with the development of
requirements, design and code steps in the above process, though it is also addressing
scene of the conceptual development.

A number of recent publications have made the point that the errors which occur in
software and which are discovered in the testing phase are usually the result of design or
requirements mistakes. The cost of repairing these errors is much higher when they are
discovered after the code is written than if they could be discovered during the design and
requirements definition process. Hence it is useful to have a software development process
which formalizes the requirements definition and design steps and allows for a formal
checking for errors at these stages.

However, the carrying out of a requirements specification and design is a subjective
process that requires some creativity and judgement on the part of the people performing
these jobs and hence is not an inherently error free or automatable process. The process
typically must be iterated and additional improvements made as more knowledge is gained
about the system and about the implementation or discrepancies discovered. The design
should be updated and formally validated or checked as changes are made to the code or
specification. This process will maintain a consistent design description document for use
throughout the software development process.

3.  Proposed Software Development Approach

This paper recommends a slightly modified approach from the usually recommended
approaches which are top-down and bottom-up. The top-down approach implies that one



starts with a high-level view of the process to be solved and gradually fills in the details in
this process by working down a hierarchy or tree. Conversly the bottom-up process
implies that the developer starts with detailed level system components which he knows
must be built and gradually links these together to build the overall process. There is a
good deal of debate on what process should be followed and many software development
efforts but top-down is the currently preferred method.

This paper suggests a slight variation on the top-down method which could be called the
“side-wise” method. This approach requires producing in parallel, several software
development steps. The developer begins with an outline for each of the key software
documents including the requirements definition, the design document and the code
structure. The process consists of gradually filling out each of these document outlines
with details as the relevant structure is known. The process is iterative in that each of the
documents is gradually improved to satisfy the previous document in the usual
chronological sense but there is a consistency check performed on each of these
documents in order to be sure that it meets all of the constraints specified in the previous
document.

Of course it is necessary to start with a preliminary requirements specification before any
design can built and to start with a preliminary design before any code can be built. But it
is not necessary to wait until the final document at the previous level is available before
beginning the next level. Development can be a top-down development for each of these
documents, that is the design and the code can each be developed in a top-down fashion.

Another key concept is related to how the requirements are developed for what the
software must do. In many large system efforts, the system designers expect the software
developers to perform a lot of functions which are not very well specified in the beginning.
The software is expected to take up most of the slack in the system design. This approach
leads to software which does not satisfy the initial requirements and which overruns its
budget and often has other failings.

It is important to provide a precise and realistic statement of what the software is to do.
This statement should describe such items as:

What should the software do when an overload occurs
What is the priority of handling various functions
What if inconsistent operator inputs occur
What reliability (less than 100%) is expected of the software
What hardware or other subsystem failures are allowed for and what should the
software do in each instance.



It is important that the above issues are addressed at the system level and not by the
software designer or programmer.

A third concept in this software management philosophy is the concept of estimating the
cost and resources needed to produce and execute the software. This estimation should be
done early in the software development process and requires a continual update as more
information becomes available. The estimation is used to manage and monitor the software
development process and to recognize problem areas as early as possible. When these
problem areas are identified early in the development process, it usually possible to take
management action to resolve the problems by either moving the functions to another part
of the system or putting more effort or resources into organizing the software.

The final concept to be mentioned in this paper is the use of a formal specification
language or document for each of the steps in the development process. There are
currently available formal requirments languages, formal design languages, and of course
high level languages and procedures for specifying the code. It is recommended that the
developer choose a particular procedure and language for producing these documents and
continue use of this language throughout the development process. The use of such formal
languages will greatly reduce the possibilities of error and allow the developer a great deal
more flexibility farther down in the software development process if he needs it.

3.1   Iterating the Software Design

The basic idea in this section is to take a software development process consisting of a
requirements specification, a design specification, and a code specification, and to iterate
the specifications to the final product. The various documents are iterated in the following
way.

1.  The requirements specification for software must be iterated with the
requirements for the remaining subsystems in an overall system. For example,
during system design it may be discovered that some functions can be
performed by a front-end signal processor or may be performed within the
general purpose computer using general purpose software. The trade that
needs to be made is to determine which of the two approaches is most cost
effective for the particular system. This requires that the cost of performing
the function in the processor including the cost of software development, the
cost of additional memory, the processing speed and so forth that may be
needed must be estimated. once these estimates have been obtained and the
performance that is available from such a system has been estimated, then this
candidate approach can be traded off against the alternative approach which
is to put the signal processing function in a special purpose device. Such



subsystem tradeoffs should be made as early as possible but should be
documented and allowed to stand as alternatives even though one of the
alternatives is selected at this point. It may be necessary later in the
development process to revise the decision on which alternative to use.

2.  The design document should represent a software design corresponding to
the requirements specification. In addition to the usual software structure
deign, it is necessary in real time and telemetry systems to have estimates of
the amount of time allowed for each function to be performed in the software
and to have other methods for controlling the timeliness of the functioning of
the software. Current software development methodologies are aimed at
allowing the development of correct software but do not generally take into
account how long the software must execute. The method for monitoring the
time that the software takes is through the use of a high level or functional
simulation. This functional simulation will be described in more detail in
another section.

3.  The official coding development can also begin before the design is
finalized but there is some risk that the code will not be correct when the
desgn is finalized. In order to resolve the problem, it is necessary to have a
method for formally verifying that the resultant code in fact, meets the design
document. Such methods usually consist of the use of consistency checks and
other software verification tools. While it is often not possible to verify
completely that code meets a particular design, it is possible to catch most
errors and a manual verification procedure can be used to obtain high
confidence in the code being an accurate representation of the design.

3.2   Software Estimation

In order to monitor the development and resource usage of software as it is being built and
before it is completed, it is recommended that a functional simulation be built. The
functional simulation models each of the software functions as a usage of the computing
resource. Computing resource inludes processing time, memory, I/O channel usage and
other critical resources. For each function an estimate should be made for each of these
parameters as the software is developed. The function may be decomposed into smaller
sub-functions, the numbers may be modified to meet what is acutally measured or what is
obtained from more refined estimates, and then included into the simulation. The use of
such a simulation throughout the development process provides a check that the software
is not exceeding the available resources and also allows developers to investigate and
determine reasonable actions to take if the software does exceed the resources available.



The simulation must be driven by a sample external input which repesents the kind of
inputs the system is expected to respond to and the simulation must model as key events
the start and stop of each function. Typically the operating system contains a scheduler and
data management function. This operating system must be modeled in some detail in order
to determine fairly accurately what kind of timing and memory usage is expected from
these functions.

One other issue to be mentioned in the section is the use of software estimators. Estimating
software is difficult and requires a great deal of experience and analysis. When these
estimates are obtained, they are usually on the low side unless the function has been
analyzed to the finest level of detail. Also, if the estimates lead to a ntnber which is near
the limit of the available resources (either memory or time) , then the cost of producing this
software has been shown to be much higher than it would be if it were not near the
resource limits. Thus it is recommended that the hardware system be designed to include
25% spare memory space and spare processing power over the expected amount of
software usage.

3.3  Formal Languages and Procedures

A typical design language is a kind of “pidgin” language. That is, a language that has some
formal structure which allows the user to lapse into imperfect sentential structures or
constructs. For example, many design languages for software have been referred to as
“pidgin” design languages. Currently there are more formal design languages becomming
available. These languages and other requirements languages are recommended for use
during any software development effort. Use of a formal language allows the use of
automated tools for checking the consistence of the requirements or design and for
comparing requirements, design and code.

If a formal language is not used, it is recommended that a precise definition of the contents
of the requirements specification document and the design document be made by making
formal outlines and specifying the contents of these documents. The developer can assure
himself that no components of the requirements or design have been overlooked; however,
he does not gain the advantage of possible automated checks on these documents. As
mentioned earlier, the formal documents are expected to be updated throughout the
development process. This updating requies a sophisticated configuration control process
which makes available to all developers the appropriate and most recent version of each
document and which maintains records of previous versions for reference later on.



4.  Summary

This paper has recommended some particular procedures for managing the development of
software. These are by no means all of the procedures but are of interest because of their
benefits to telemetry system software.

The focus of all of these procedures has been on the front-end or requiements and design
parts of the software development effort. The reason for this is that most errors that occur
during software development have been shown to have ocurred during these processes.
Even though the effort devoted in most software development projects is usually 50% or
more on the testing component, the way to solve this problem, and reduce that effort is to
apply that effort earlier in the development process and to use formal procedures and tools
to ensure that the software which is developed has as few errors as possible before going
to the testing process.

This paper has recommended an iterative or “side-wise” development process which uses
top-down structured design and coding procedures within it. It has recommended the use
of a software estimating technique for determining the amount of software to be developed
and the amount of effort required to produce it. It has recommended iterating the
requirements, design and code documents to a final product.

Finally it has recommended the use of a formal language or procedures for each of the
requirements, design and code documents. The use of a computerized and automated
software development product such as the Programmer Workbench (trademark) is useful
as an administrative aid in carrying out the development efforts recommended here.




