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SUMMARY

This paper presents a methodology for representing a large and complex
computer program using graphics and Ada-based annotated pseudo code. It
describes the application of the graphical representation, referred to as
Structured Hierarchical Ada Representation using Pictographs (SHARP), in
the design and test of computer programs, and presents a concept ol

operation for generating the grahics in a computer aided manner. The
resulting tool is considered important, since design and test costs account
for over 60% of software development costs. The tool also applies to

software maintenance, which typically exceeds the original development cos:
by more than 50%.

BACKGROUND

DoD has mandated the use of Ada in the implementation of mission-critical
software. Standardizing to a single high-order language will contribute to
lower software life-cycle costs, since, for example, fewer compilers will
have to be developed and the labor force will not be subdivided among
several languages. Furthermore, it promotes the development of tools
applicable to the entire software life cycle, since with one language a
large market will exist for each tool.

In addition, proponents of Ada expect that its technical features will also
help reduce software development costs. For example, Ada packages can b
used to encapsulate reusable software, for such things a hardware driver
communication protocols, high and low level I/0, math functions and speci«!
purpose algorithms. The Ada packages and their contents can be madc
seneral purpose through the Ada generics capability, whereby the name ot
program unit, and typically the definition of its types and the range !
permissible values for passed parameters, are created during compilation
(The process of creating a particular instance of the generic program uni:
is referred to as generic instantiation.)

Another important technical feature of an Ada package is its information
hiding capability. It can be used to provide the framework for the imple-
mentation of object-oriented designs, as means for controlling dependency
relationships between variables, types and program units.

In the past, global parameters and routines were shared among many progran
units. If during development and maintenance any one of the global para-
meters or routines were modified to correct an error, the change conul:d
adversely affect many different parts of the computer program. When on:
error was corrected by a change, several others often were introduced

Seemingly innocent changes, at times, caused serious problems. However, bv
localizing design complexity using principles of object-oriented design

the effect of a change is trapped within the implementation of an objec

itself,

Concept of an Object-Oriented Design

With an object-oriented design, a large computer program is compcsed using
multiple objects. Each object 1is a system component implemented in
software using a set of operations unique to it and a local state defined

?



in a data structure. The unique operations are known only to the internals
of the object implementation. Object implementations typically are
independent and interact with only one or two other object implementations.

Object Implementations in Ada Packages

With Ada, objects can be implemented in Ada packages, which act as contain:
ers of data structures and other Ada program units. Like other Ada progranm
units, an Ada package consists of a specification and a body. The contents
of the specification are visible to other program units, while the contents
of the body are not accessible by program units external to the body.
Therefore, using Ada packages the complexities of object implementations
can be hidden in the package’s body.

Parameters passing between object implementations can be accomplished by
communicating program units declared in the specification of the package.
To the extent possible, the passed parameters should not include variables
and flags used in the formulation of operations unique to the object
implementation. In this way, coupling by parameters passed between objects
can be avoided. If potentially coupling parameters are passed, with Ada
they can be of private or limited private types. In this way, accessing
program units have limited use of such passed parameters.

COSTS OF SOFTWARE DEVELOPMENT

The high cost of developing software constructed using coupled program
units has proven to be the rule and not the exception. In addition, as we
have already indicated, experience has shown the maintenance and improve-
ment of such software over ten years or so, once it is put to use, may cost
much more than the original development cost.

Cost models have been formulated and calibrated to estimate the cost of
such highly coupled software. For example, the Constructive Cost Model
(COCOMO) projects the cost to develop this software as a function of its
size, type of application and characteristics of the development process.
Although existing cost models have not been formulated or calibrated for
software developed in an object-oriented manner, they can be indirectly
used to project the costs. Figure i shows possible costs when comparing
the software developed in a traditional (highly coupled) manner to software
developed in an object-oriented manner using Ada.

The cost of software developed in a traditional manner was established by
directly applying COCOMO. The cost of software developed 1in an object-
oriented manner using Ada, was calculated using the following relationship:

(Cost) = (Design Cost) + (Object Implementation Cost)
+ (Object Implementation Integration Cost)

The design cost was established with COCOMO by assuming the cost to estab-
lish a traditional design is essentially equivalent to the cost to estab-
lish an object-oriented design.* The object implementation cost was
established by summing the cost to develop each object separately.

* Design costs for both traditional and object-oriented designs would
decrease significantly with an automated SHARP system, which is described
in Chapter IX. These savings, however, cannot be quantified at this time
and have not been considered in Figure 1i.
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The integration of object implementations is not accounted for by COCOMO.
However, as a lower limit, this effort could be assumed to cost about the
same as the cost to integrate an equal number of program units, sincc
loosely coupled interfaces between object implementations should not be

more complicated than typical program unit interfaces. The accuracy of
this assumption decreases as the extent of coupling between the implementa-
tions increases. In the limit, the cost to develop strongly coupled

objects approaches the cost to develop software in a traditional manner,
where strong dependency relationships drive costs.

Although we can argue where between the limits the expected cost of object-
oriented development using Ada should 1lie, most will agree that with
respect to computer programs, "bulk is bad". Using object-oriented design
principles, a "bulky" computer program can be developed as a set of
relatively small object implementations rather than one large computer
program with highly coupled routines. Each object can be developed

independently in a cost effective manner, and then integrated with other
object implementations.

As COCOMO and other cost models indicate, development costs increase more
than linearly with the size of a computer program. We feel this is in
large part, due to the increase in complex dependencies between variables,
types and program units. Thus, by using relatively small object implementa-

tions and constraining their interaction, software development costs
decrease.

This is especially relevant to extremely large computer software systems
like those needed for the Strategic Defense Initiative, projected to
consist of up to 50 million lines of source code. The complexity of depen-
dency relationships for such large software systems will drive software
costs very high, unless effectively controlled.

GRAPHICAL ABSTRACTION OF SOFTWARE DESIGNS

When written in accordance with effective style guidelines, most feel a
computer program written in Ada is locally readable to those familiar with
the Ada language. If we examine a fragment of Ada code, we can realize the
design of that fragment. However, readable software means more than this.

We must be able to easily understand the relationship of the fragment to
the whole.

In the past, hierarchical block diagrams have been used to represent the
interrelationship between program units. However, conventional hierarchi-
cal block diagrams are not adequate with Ada since they do not distinguish
between the different kinds of Ada program units; they do not represent
concurrent program unit execution that takes place in Ada; and they do not
provide a mechanism for representing the unique capabilities of Ada to

partition a large and complex computer program into understandable parts
using object-oriented techniques.

Recognizing this problem, R.J.A. Buhr of Carleton University, Ottawa,
Canada, has suggested the need for "blue-prints" of computer programs to be
implemented in Ada. Although he concedes such software blueprints may not



be necessary during the development of small computer programs, Buhr argues
that they are needed to effectively represent the structure of a large and
complex computer program.

To illustrate this point, contrast the difference in design efforts under-
taken by architects, who design large buildings, to home handymen, who may
add a room to their home. The home handyman can proceed with minimal
design information, making fragmented design decisions as he proceeds. A
large architectural construction project, on the other hand, utilizes blue-
prints and other design documentation. The construction of a building is
undertaken by many people who divide the construction project into a set of
manageable parts and communicate using blueprints.

In the same manner, small software efforts undertaken by one or two people
can proceed without partitioning or design structure information. However,
as in construction, a plateau of project size and complexity is reached in
software where it is not cost effective to proceed without explicit manage-
able parts and blueprints that represent the manageable parts.

The Need for Graphical Abstracts

We suggest that levels of abstracts are needed to represent the design of
large and complex computer programs to be developed in a traditional or
object-oriented manner and implemented using Ada. The abstracts can be
pictorial representations of the design that comprise or concentrate
within themselves the essential qualities of specific aspects of the
design. Such abstracts, if readily readable, can help close the gap in
communication between different members of a software development team.
Such communication is critical to cost effective implementation of large
and complex software systems.

In practice, pictorial abstracts are beneficial to both government and
contractor personnel. In preparation for a software acquisition, the
graphical presentation of large and complex Ada software helps instructors
teach Ada in the context of the overall software system. During the
acquisition of Ada software, contractor managers needs Ada abstracts to
intellectually grasp the problem they must manage. A programmer can usec
Ada abstracts to help understand what it is that he must implement and

communicate to a designer expansions or modifications he has introduced
into the design.

Government reviewers need Ada abstracts to understand the design that they
must ultimately approve. Review of many thousands of lines of pseudo-code
or source code in a short period of time is often very difficult, if not
impossible. In contrast, review of 1levels of the design provided in
different pictorial abstracts is relatively easy.

Software engineers need abstracts to help present designs at design reviews
and within design documentation. In this way, among other things, the
consistency of variables passed between object implementations can be
reviewed.

In the past, compilers did not check the consistency of variable and other
declarations made in various parts of a computer program. Accordingly, a




program would compile easily and a unit test could quickly be initiated.
Of course, problems associated with declaration inconsistencies had to be
resolved as part of the testing process.

With Ada, compilers and linkers check the consistency of declarations. For
example, the input/output parameters of a program unit must have their type
(e.g., integer or floating point) defined, and checked at compilation and
linking time. The consistency of these definitions are checked by matching
the type definitions in the specification of a calling program unit to the
type definitions in the specification of the called program unit.

Ada-unique diagrams and pictorial abstracts are needed to establish depen-
dency relationships between object implementations used to establish a
large Ada computer program. Failure to establish correct dependency
relationships between the implementations will result 1in several time
consuming compilation iterations during the integration of object implemen-
tations. Although incremental compilation 1is possible with Ada, all
dependent pieces of a computer program must be recompiled at the same time.
Thus, recompilation can be a significant effort.

The whole problem, of course, is magnified as the size of the Ada computer
program grows. Such growth is possible today because of the capacity
available in processing hardware. Today, technology offers potentially

unlimited processing power and memory, thus, more and more complex applica-
tions are being undertaken.

Levels of Abstracts

Recognizing the need for graphical abstracts applicable to representing the
design of computer programs, we have defined a set of Ada-unique abstracts
that are applicable to both traditional and object-oriented Ada-unique
designs. The graphical abstraction system is referred to as SHARP (Struc-

tured Hierarchical Ada Representation using Pictographs). It provides a
notation that can be used to represent extremes in combinations of Ada pro-
gram units, variables and types that a designer may choose, regardless of

whether an object-oriented or more traditional design approach is being
taken.

The graphics utilize pictographs to represent Ada program units. Specifi-

cally, a square is wused to represent a subprogram, a parallelogram to
represent a task and a rectangle to represent a package. In each case, the
geometric figure is divided by a horizontal line into two parts, a narrow
part representing the program unit's specification, and a wide part
representing its body. The pictographs can be interconnected to represent
the main program and its interface with external entities. For example,
consider the diagram shown in Figure ii. 1In this diagram, the tasks shown
are responsible for servicing a communication 1link, a terminal, a work
station and an interfacing microprocessor. The small rectangle labeled Pl
indicates a package utilized by the main program, made available through
the Ada "with” clause.

The pictographs can be used to establish various other graphical options to
represent the design of the program units declared in procedure MAIN. At a
high level, graphical options can be used to represent Ada packages, which
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can be used to encapsulate object implementations in the manner shown in
Figure iii, where generic reusable software is represented by dashed lines.
Such object implementations interact through communicating Ada program

units visible in the package specification, as represented in the invoca-
tion abstract shown in Figure iv.

At an intermediate 1level, graphical options can be used to represent
program units used to implement the internal complexities of an object
implementation. Specifically as illustrated in Figure v, the structure of
nested program units within a program unit declared in the specification of
a package can be represented using a Hierarchy Diagram. The sequential set
of subprogram calls within this program unit and the concurrent execution
of Ada tasks within it can be represented using an Invocation Diagram.

At a yet lower level of design abstraction, options can be used to repre-
sent selective detail. As illustrated in Figure vi, these abstracts can be
thought of as "blow ups" of entities identified in invocation diagrams.
Abstracted detail of data flow between subprograms can be shown in a
Subprogram Data Flow Diagram. Abstracted detail for task rendezvous can be
shown in a Task Rendezvous Diagram. The visibility of type, constant and
variable declarations can be shown in a Data Structure Diagram.

At the lowest level of abstraction, annotated pseudo code can be used to
represent the bodies of each Ada program unit, as also illustrated in
Figure vi. For each body, the pseudo code accounts for such things as
logic, decisions, algorithms, program unit calls, input/output, generic
instantiation and exceptions.

COMPUTER-AIDED SOFTWARE DEVELOPMENT

In order to implement large and complex computer programs in a cost effec-
tive manner, technological advancements in software development are neces-
sary. Knowledge-aided design (KAD) systems that have been automated for
Ada would undoubtedly significantly help reduce software development and
maintenance costs. With them, software designers can rapidly generate
abstracted design representations. The abstracts can be reviewed and the
design representation iterated in order to, in some sense, optimize the
design. Knowledge built into the KAD system helps inexperienced designers
without extensive knowledge of Ada and object-oriented techniques. In this

way, typical inefficiencies in design development and representation can be
kept to a minimum.

Upon system turnover to wusers, the automatically generated graphical
abstracts can be used to support software maintenance. The maintainer will
be able to selectively produce abstracts that, in a systematic manner, zero
in at the touch of a terminal key on parts of the program he must modify.

The abstracts will make the complexities of the design readily apparent, as
opposed to culling thousands of statements in a a source code listing. The
exclusive use of source code to maintain a large and complex computer pro-
gram has proven to be very expensive, as we have already indicated. Such a
KAD system could be developed as the first phase in the automation of
SHARP, as illustrated by Item a of Figure vii.
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In addition to being used to establish design abstracts, the design know-
ledge base established by a user of a KAD system can also be mapped into
Ada source code. The code would encompass aspects of the design directly
accounted for in the design abstracts. This code could, in turn, be
expanded and refined by a programmer using a syntax directed editor. Such
an automatic programming capability could be developed as the second phase
in the automation of SHARP, as illustrated by Item b of Figure vii.

Furthermore, the design knowledge base could also be mapped into a size
metric. The size metric, along with user inputs on the attributes of the
software acquisition, could be used as inputs to a cost estimation algo-
rithm that projects the cost to build the large and complex computer
program. In this way, the cost estimation problem is merged with the
automated design process so that meaningful estimates can be made. Such a
cost estimation capability could be developed as the third phase in the
automation of SHARP, as illustrated by Item ¢ of Figure vii.

Applying such a computer-aided software engineering tool in conjunction
with object-oriented designs, 1is needed to help effectively acquire
software and reduce software development and maintenance costs. The
automated SHARP (AUTOSHARP) system is especially applicable to the
development of large software systems like those required for the Strategic
Defense Initiative. We feel the development and transfer of such tech-
nology into use will bring significant improvement in software productivity.
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PART ONE: DEFINITION OF SHARP

CHAPTER I
BASIC FEATURES OF SHARP

This chapter introduces Structured Hierarchical Ada Representation using
Pictographs (SHARP). It describes the need for SHARP and the beneficiaries
of SHARP. It establishes pictographs that can be used to represent Ada
program units and describes the use of the pictographs to graphically
represent the structure of an Ada computer program at a high level.

This chapter is very basic in nature and is meant as an introduction to
those unfamiliar with the Ada language.

1 INTRODUCTION
1.1 WHAT SHARP IS

SHARP is defined by a criteria for establishing pictorial abstracts of a
large and complex computer program to be programmed using the DoD high
order language Ada (ANSI/MIL-STD 1815A). Standards of the criteria dictate
how to establish selective pictorial options, encompassing Ada unique
versions of high and intermediate level abstracts for Ada packages, program

unit hierarchy and program unit invocation. In addition, the pictorial
options can be wused to establish 1low level abstracts for Ada task
rendezvous, data declarations and data flow between Ada subprograms. At

the lowest level, options utilize annotated pseudo code to represent
computer program logic and operations on variables. At this lowest level,
SHARP junctions with design presentations that utilize Ada-based program
design language.

The abstracts apply to traditional design approaches as well as object-
oriented. The object-oriented approach is emphasized since it is the
approach expected to be widely used in the development of large and complex
Ada computer programs.

1.2 BACKGROUND

1.2.1 Projections for Software Acquisition Costs

The performance of defense systems has become increasingly dependent upon
embedded computers. The development of software needed to program the
embedded computers currently incurs a significant cost during system
acquisition.

* In terminology of SHARP, an abstract is a pictorial representation that
comprises or concentrates in itself the essential qualities of specific
aspects of an Ada computer program (e.g., rendezvous between tasks or
data flow between subprograms); synonym - pictorial compendium.
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The acquisition of a single defense system can include the development of
computer programs consisting of more than 600,000 instructions. Presently,
software development costs during one system acquisition can exceed 60
million dollars. Moreover, the operation, maintenance, and continued
improvement of the software over 10 years or so once a systim is put to use
can cost as much as 50 times the software development cost.

An industry team, under the guidance of the Electronic Industries
Association, has projected that by 1990 overall annual DoD software costs
will reach 32 billion dollars, while annual hardware costs will reach only
6 billion dollars.

Since annual software costs have been projected to cost more than six times
annual hardware acquisition costs by 1990, DoD has recognized the need to
develop and implement capabilities that will reduce software acquisition
and maintenance costs. Accordingly, as one step in controlling these costs,
DoD has sponsored the development of Ada.

1.2.2 The Evolution of Ada

The military services, U.S. industry, and our NATO allies were intimately
involved in the definition of requirements for Ada. During 1975 and 1976,
preliminary requirements for Ada were distributed to a large audience for
comment. In June 1976, a complete set of Ada requirements were published.

DoD used two criteria when establishing the requirements. First, Ada had
to be a high quality product. Second, Ada was meant to accrue foreign
acceptance and domestic acceptance outside the defense industry.

With this in mind, DoD released an international request for proposal
(RFP), asking for a preliminary design of the Ada language. Four contrac-
tors were selected from those responding to the RFP for the preliminary
design. They were Softech, Intermetrics, SRI International, and Honeywell.

Upon completion, the preliminary designs were distributed for comment.
Eighty formal evaluation reports were received, having been submitted by
DoD organizations, U.S. and European industry, plus the Ministries of
Defense of the United Kingdom, France, and Germany. In April 1978 and in
April 1979, public hearings were held to give software engineers throughout

the world an opportunity to gainm an understanding of the rationale for
design decisions.

After extensive review, the Honeywell design was chosen. In 1983, the

formal definition of the Ada language was standardized as ANSI/MIL-STD
1815A.

1.2.3 The Need for SHARP

When written in accordance with effective style guidelines, most feel a
computer program written in Ada is locally readable to those familiar with
the Ada language. If we examine a fragment of Ada code, we can realize the
design of that fragment. However, readable software means more than this.

We must be able to easily understand the relationship of the fragment to
the whole.
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In the past, hierarchical block diagrams have been used to represent the
interrelationship between program units. However, conventional hierarchi-
cal block diagrams are not adequate with Ada since they do not distinguish
between the different kinds of Ada program units; they do not represent
concurrent program unit execution that takes place in Ada; and they do not
provide a mechanism for representing the unique capabilities of Ada to
partition a large and complex computer program into understandable parts
using object-oriented techniques.

Recognizing this problem, R.J.A. Buhr of Carlet University, Ottawa,
Canada, suggests in his book System Design with Ada the need for "blue-
prints" of computer programs to be implemented in Ada. Although he concedes
such software blueprints may not be necessary during the development of
small computer programs, Buhr argues that they are needed to effectively
represent the structure of a large and complex computer program.

To illustrate this point, contrast the difference in design efforts under-
taken by architects, who design large buildings, to home handymen, who may
add a room to their home. The home handyman can proceed with minimal
design information, making fragmented design decisions as he proceeds. A
large architectural construction precject, on the other hand, utilizes
blueprints and other design documentation. The construction of a building
is undertaken by many people who divide the construction project into a set
of manageable parts and communicate using blueprints, which present design
information in a series of pictorial abstracts.

In the same manner, small software efforts undertaken by one or two people
can proceed without partitioning or design structure information. However,
as in construction, a plateau of project size and complexity is reached in
software where it 1is not cost effective to proceed without explicit
manageable parts and blueprints that represent the manageable parts.

1.2.4 Beneficiaries of SHARP

Pictorial abstracts of SHARP are beneficial to both government and contrac-
tor personnel. In preparation for a software acquisition, the graphical
presentation of large and complex Ada software will help instructors teach
Ada in the context of the overall software system. Specifically, it will
help the instructor explain the notions of design abstraction and informa-
tion hiding in conjunction with object-oriented or other design techniques;
and how such designs are facilitated with Ada.

During the acquisition of Ada software, contractor and government personnel

need Ada abstracts. Contractor managers need Ada abstracts to intellectu-
ally grasp the problem they must manage. Experience has shown that

misunderstood projects will most likely go astray. Initial budgets tend to
be insufficient and resource allocation during the course of the project
may not be appropriate.

A programmer can use Ada abstracts to help understand what it is that he
must implement. Also, the programmer needs a mechanism for communicatiang

back to a designer expansions or modifications he has introduced into the
design.
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Government reviewers need Ada abstracts to understand the design that they
must ultimately approve. Review of many thousands of lines of pseudo code
or source code in a short period of time is often very difficult, if not
impossible. In contrast, review of levels of the design provided in
different pictorial abstracts will be relatively easy.

Later in the software life cycle, SHARP would also help the govermnment in
the maintenance of large Ada computer programs. With SHARP automated
within a workstation, maintainers will be able to selectively produce Ada
abstracts that zero in, at the touch of a terminal key, on the parts of a
computer program that must be modified. The maintainer’s learning curve
will be faster with understandable abstracts complementing documentation
and Ada source code.

Software Engineers need abstracts to present designs prepared using object-
oriented design techniques, which can be uniquely implemented using Ada.
For example, Ada abstracts are needed to present such designs taking into
account mechanisms in Ada for (a) layers of packages, (b) levels of other
program units and (c) hiding information within the packages and other
program units. These Ada mechanisms are especially important because of
the «criticality of controlling complicated dependency relationships
possible in large, complex computer programs.

In the past, compilers did not check the consistency of variable and other
declarations made in various parts of a computer program. Accordingly, a
program would compile easily and a unit test could quickly be initiated.
0f course, problems associated with declaration inconsistencies had to be
resolved as part of the testing process.

With Ada, compilers and linkers check the consistency of declarations. For
example, the input/output parameters of a program unit must have their type
(e.g., integer or floating point) defined, and checked at compilation and
linking time. The consistency of these definitions are checked by matching
the type definitions in the specification of a calling program unit to the
type definitions in the specification of the called program unit.

Ada-unique diagrams and pictorial abstracts are needed to establish
dependency relationships in a large Ada computer program. Failure to
establish correct dependency relationships will result in several time
consuming compilation iterations. Although incremental compilation is
possible with Ada, all dependent pieces of a computer program must be

recompiled at the same time. Thus, recompilation can be a significant
effort.

The whole problem, of course, is magnified as the size of the Ada computer
program grows. Such growth is possible today because of the capacity
available in processing hardware. Today, technology offers potentially
unlimited processing power and memory, thus, more and more complex
applications are being undertaken.

1.3 CHAPTER SCOPE

In this chapter, pictographs are defined to represent Ada program units and
the interconnection of the pictographs is described in the representation
of the high level design of an Ada computer program.
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Section 2 describes Ada program units and comments on their use as the
building blocks of an Ada computer program. It introduces the pictographs
established by SHARP to graphically represent the Ada program units.
Section 3 discusses utilizing Ada program units to establish the wupper
levels of a design for an Ada computer program. Section 4 states
conclusions.

2 PICTOGRAPHS

The basic building blocks of an Ada computer program are the program units

called subprograms, tasks, and packages. As suggested by Buhr, we can
compare the use of these building blocks in the implementation of Ada
computer programs to the implementation of electronic hardware. Hardware

components are connected together using cables, plugs and sockets, all with
well defined interface characteristics. Several of the hardware components
can operate concurrently. Correspondingly, Ada can be conceptually thought
of as program units connected together with well defined interfaces and
with several of the program units operating concurrently.

This section provides an overview of the Ada program units and establishes
pictographs that can be used to graphically represent them.

2.1 REPRESENTATION OF AN ADA SUBPROGRAM

2.1.1 Ada Subprogram Overview

As a basic building block of an Ada computer program, an Ada subprogram can
be used to encapsulate a set of logically related operations on variables,
data manipulations and other processing. This permits dividing sequential
processing into manageable pieces. There are two kinds of subprograms --
procedures and functions.

The main program in Ada is an Ada procedure that is invoked upon activation
of the Ada computer program. In addition, Ada procedures are nested within
other Ada program units and invoked through a procedure call statement.

Ada functions are also nested within other Ada program units. However, in
contrast to a procedure, a call to a function is embedded in an expression.
Therefore, a function is invoked upon execution of an expression.

A subprogram consists of a specification and a body. The specification is
a single Ada source instruction that establishes the name of the subprogram
and the characteristics of its parameter passing.

The body implements processing to be undertaken upon execution. It con-
sists of multiple Ada source instructions, which are clearly distinguish-

able from the specification.

2.1.2 Ada Subprogram Pictograph

SHARP utilizes a square to represent an Ada subprogram. The square 1is
divided into a small narrow rectangle representing the subprogram’s
specification and a large rectangle representing its body, as illustrated
in Figure 1.

19



FIGURE 1. PICTOGRAPH FOR AN ADA SUBPROGRAM

2.2 REPRESENTATION OF AN ADA TASK
2.2.1 Ada Task Overview

Ada tasks are the building blocks of an Ada computer program that execute
concurrently. Within a single processor, an Ada task operates in parallel
with other Ada tasks in the time-slice sense of the word under control of
an Ada run-time environment.

Ada tasks can be nested within the main program of an Ada computer program
to account for all processing to be undertaken concurrently by that
computer program. Ada tasks are also used to service interrupts, implement
action queues, and implement other concurrent operations.

An Ada task consists of a specification and a body, in a manner similar to
an Ada procedure. In contrast to the specification of a procedure which is
a single Ada statement, the specification of a task consists of one or more
Ada source statements that establish the name of the task and describe the
characteristics of inter-task communication. Also, 1in contrast with
procedures which are invoked upon request by a caller, task interaction is
consummated by the callee (or acceptor) rather than the caller. The word
"rendezvous" is used to describe such task interaction.

The body of a task implements processing to be undertaken upon execution,

As is the case of a procedure, the body consists of multiple Ada source
statements, which are clearly distinguishable from the specification.
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2.2.2 Ada Task Pictograph

SHARP utilizes a parallelogram to represent an Ada task The parallelogram
is divided into a smiall narrow parallelogram representing its speciftlcation
and a large parallelogram representing its body, as illustrated in Figure 2.

FIGURE 2. PICTOGRAPH FOR AN ADA TASK

2.3 REPRESENTATION OF AN ADA PACKAGE

2.3.1 Ada Package Overview

An Ada package is the program unit that acts as a container for other
program units, data and data type declarations. An Ada package has its own
specification and body. The specification consists of one or more instruc-
tions. It is used to identify the name of the package. It is also used to
establish the identity of program units it contains that can be called by
program units external to the package. The package specification may also

include data and data type definitions that are accessible by other Ada
program units.

The body of an Ada package contains the bodies of the program units
declared in the specification. It also may contain data, data types plus
specifications and bodies of program units that cannot be directly accessed
by program units external to the package. The latter capability is basic

to the implementation of object-oriented software designs with Ada. In
this context, packages are used to encapsulate the implementation of
objects, as discussed in subsequent chapters. Packages also serve as a

mechanism for encompassing common program units and off-the-shelf reusable
modules.

2.3.2 Ada Package Pictograph

SHARP utilizes a rectangle to represent an Ada package. The rectangle iz
divided into a small narrow rectangle representing the package’s specifica-

tion and a large rectangle representing its body, as illustrated in item a
of Figure 3.




The specification of accessible program units within an Ada package are
shown within the package’s specification. The bodies of these program
units program unit are shown within the package’s body, as shown in item b
of Figure 3. Ada program units hidden in the package’s body and not
accessible to program units external to the package, are not shown. The
presence of variables, constants and type declarations are represented by
rectangles enclosing slanted lines, as shown in item c of Figure 3.

3 APPLICATION OF THE PICTOGRAPHS

The designer of a large and complex computer program to be implemented in
Ada, as an initial step in the design process, typically establishes
concurrent processing threads or processes. With Ada, each process is
established by a task declared in the main program. The representation of
this level of an Ada design is discussed in this section.

3.1 PROCESSES

In a computer system, resident software typically has to satisfy multiple
demands. For example, user commands and communication interface requests
may simultaneously compete for a computer’s processing time. A computer
program must respond in a timely manner to the commands and requests, even
when they are received at about the same instant in time.

A chain of modules can be written to implement the operations on variables,
data manipulation, logic, exceptions and other processing needed to respond
to each user command and communication interface request. In addition,
chains of modules may have to be written to automatically initiate process-
ing within a computer program on a periodic or some other basis. For
example, a software built-in-test of equipment may be periodically initia-

ted or processing may automatically consummate when a sensor value reaches
a critical value.

For high order languages like FORTRAN, these threads are typically referred
to as processes that can be concurrently executed directly under operating
system control (in a time slice manner), thus providing the timely response

needed. In Ada, the concurrent execution can be accomplished using Ada
tasks.

As a general rule, characteristics of processes include the following:
° Processes account for logic, operations on variables, data
manipulation and other processing needed to (a) satisfy user
commands and communication interface requests and (b)
perform processing automatically initiated on a periodic or

some other basis.

° Processes are loosely coupled.

° Processes can execute concurrently if necessary.
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{a) BASIC PICTOGRAPH FOR AN ADA PACKAGE

{b) REPRESENTING ACCESSIBLE ADA SUBPROGRAMS AND TASKS

1]

/1]

{c) REPRESENTING DATA STRUCTURES IN AN ADA PACKAGE

FIGURE 3. PICTOGRAPHS FOR ADA PACKAGES
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3.2 REPRESENTATION OF THE HIGH LEVEL STRUCTURE OF AN ADA COMPUTER PROGRAM

With Ada, the fwplementation of processes can be accomplished using Ada
tasks declared in the main program, as well as directly with the operating
system. Each task can implement the requirements assigned to a specific

process. This approach facilitates greater portability of the Ada computer
program and does not necessitate knowledge of operating system configura-
tion to establish processes. However, it may not be as memory and time
efficient as directly using the operating system.

The set of Ada tasks can be graphically represented using the pictographs
of SHARP. For example, Figure 4 shows Ada tasks declared in the main
program to service communication links, multiple terminals, work stations
and an interfacing microprocessor. In the diagram, straight lines are
drawn from the body of the main program to the specifications of process
tasks, and dotted lines are drawn from the tasks to a geometric figure
introduced to represent the external entity the task must interact with.

The diagram also represents main program access to an Ada package through
the Ada "with" clause. In Figure &4, the main program access to package
TEXT_I0 is represented by a small rectangle with a line drawn from it to
the specification of the main program.

Furthermore, the diagram indicates subprograms nested 1in the body of
procedure MAIN. The designer might want to use procedures, for example, to
establish initial conditions at the start of execution of the large Ada
computer program; and to establish restart conditions.
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CHAPTER II

ADVANCED FEATURES OF SHARP

This chapter describes a graphical technique for presenting the object
oriented design of large and complex computer programs to be implemented
using Ada. The graphics present abstracts (i.e., pictorial overviews) of
Ada computer programs, each of which applies to a different level of
design. At the highest level, the abstracts represent Ada packages that
may be used to encapsulate major partitions of a large Ada computer
program. These abstracts potentially account for large amounts of code,
possibly 10,000 source statements or more.

At an intermediate level, the abstracts can be used to represent the
hierarchy and invocation of program units nested, for example, within a
program unit declared in the specification of a package. The hierarchy
diagram represents levels of nested program units and an invocation diagram
represents concurrent processing with Ada tasks as well as sequential calls
to multiple subprograms. These abstracts may account for as many as 5,000
source statements.

At a lower level, abstracts can be used to represent design detail. These
abstracts can be envisioned as "blow ups" of entities identified in an
invocation diagram. The abstracts represent details associated with task
rendezvous, data flow between program units and data structures. At the
lowest level, annotated pseudo code is used to represent operations, logic,

input/output, generic instantiation and exception handling within the bodyv
of a program unit.

The SHARP abstracts can be used to pictorially represent all extremes of an
Ada design. They can be generated using a software graphic package. In
this way, we can generate Ada abstracts in a timely manner aund easilv
iterate them to update or optimize an Ada design.

1 INTRODUCTION
1.1 SOME IMPORTANT FEATURES OF ADA

Ada provides a complete set of general purpose language features. As a
programming language, Ada requires that both algorithms and data structures
are specified precisely, and that the consistency in the use of variable
types is verified by a compiler. Ada facilitates the construction of very
large programs by providing extensive facilities for program unit modulari-
zation.

As a basic and important capability, Ada provides a framework for the
construction of large programs using object-oriented design techniques,
principally due to its capability to hide information in a set of Ada
packages. Each package can be used to encapsulate a data structure local
to one or more objects and operations unique to the objects.
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A package consists of two parts - a specification and a body. Only
entities contained within the package's specification can be accessed by
program units external to it. The body of a package is used to implement
complex operations on variables, logic and manipulation of data unique to
the objects contained in the package.

A package thus allows controlled access to the results of complex and
potentially lengthy programming operations and logic. As such, it provides
a powerful mechanism for program modularization. A large computer program
(e.g., 600,000 lines of code) can be composed with a set of packages, each
with a controlled interface to other packages. In this way, potentially
devastating dependency relationships across the large computer program can
be controlled by careful design of package interfaces.

The development of each package itself may be a very complex and difficult
job. Ada provides facilities to implement the bodies of program units
declared in the specifications of packages, in accordance with the princi-
ples of software abstraction and information hiding.

As an example of software abstraction, a small and easily understood
portion of the program unit is implemented at one level, while the
implementation of the rest of the computer program is deferred to other
levels through calls to Ada subprograms and activation of Ada tasks. At
each of the other levels, the process is repeated.

1.2 PROGRAM DESIGN LANGUAGE

As discussed in subsequent chapters, designers of large and complex Ada
computer programs can establish a set of packages to encompass its major
parts, must carefully design each package interface so as to constrain
potentially complex dependency relationships, and can design the internals
of each package in an abstracted manner. Aspects of the computer program's
design can be presented using Ada code (or a subset or superset of Ada
code). For example, Ada code for high level program units and their
specifications have been referred to as Ada Program Design language (PDL).
However, Ada-based PDL may be difficult to read by those not familiar with
typing and and other aspects of the Ada language. As stated in the docu-
ment Program Manager's Guide to Ada 3 :

'Program___managers, hardware _designers, and communications
engineers who are unfamiliar with PDL may find it difficult to
review design documentation that consists largely of PDL."

In addition, some feel that Ada-based PDL by itself is not sufficient to
represent the design of a large and complex computer program. When written
in accordance with effective style guidelines, most feel a computer program
written in Ada is locally readable (to those familiar with the Ada 1lan-
guage). If we examine a fragment of Ada code, we can realize the design of
that fragment. SHARP agrees and, in fact, utilizes annotated pseudo code
similar to Ada code (i.e., a form of PDL) to present the design of opera-
tions on variables, logic and other processing within the bodies of sub-
programs and tasks. However, this utilization of Ada-based pseudo code 1is
only employed at the very lowest level of SHARP design abstraction. As
stated in the Program Manager’s Guide to Ada:
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"PDL does not totally bridge the gap between the system level
specification and the coded program. The top level software
system design must be expressed.”

Futhermore, Ada-based PDL for a computer program written in Ada may, in
essence, be nothing more than a first "cut" at the final Ada code itself.
As stated in the Program Manager's Guide to Ada:

"If the implementation language and the PDL are the same (i.e.,
full Ada), programmers will tend to begin coding before the
design is complete and verified."

Clearly, higher level abstracts are needed to present the set of packages
used to compose a large Ada computer program. Abstracts are also needed to
present the design of each package body. These abstracts must represent
only essential aspects of Ada at a much higher level than that provided by

PDL. The pictorial notation of SHARP can be used to establish such high
level abstracts in a concise manner. '

SHARP was developed recognizing that lower level abstracts are also needed,
when a design reaches maturity and a programmer can become involved in the

implementation of the design. Accordingly, SHARP provides lower level
abstracts to represent such things as task rendezvous, data flow between
subprograms, generics, and the visibility of 1information in data

structures. However, each of these abstracts is at a substantially higher
level than PDL.

1.3 CHAPTER SCOPE

Section 2 describes the selective pictorial abstracts of SHARP. Section 3
provides generic examples of the use of SHARP, in the context of a designer
presenting an Ada software design prepared in an abstracted manner.

2 LEVELS OF SHARP ABSTRACTS
2.1 INTRODUCTION

As discussed in Chapter I, Ada facilitates the implementation of real-time
computer programs embedded within weapon systems. As such, Ada computer
programs must respond in a timely manner to independent commands, even when
they are received at about the same instant in time. Ada tasks can be
declared within the main program to service each command concurrently,
under control of an Ada run-time environment.

Chapter I introduces graphical representation of the main program and its
interface with external entities, as shown in Figure 4. 1In this diagram,
the tasks shown are responsible for servicing a communication link, a
terminal, a work station and an interfacing microprocessor.

With SHARP, various options can be used to present abstracts of the overall
computer program design at a series of abstracted levels. At the highest
level of design abstraction, options are used to represent Ada packages,
which typically encapsulate major components of a large and complex computer
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program (e.g., the components used to implement the process tasks shown in
Figure 4). A catalog of these packages can be shown using the Ada Package
Catalog (Option A). Each individual package is represented using an Ada
Package Content Diagram (Option B). Each package may access other pack-
ages, which may, in turn, access other packages. This can be thought of as
layers of packages, which can be represented using Option B as illustrated
in Item a of Figure 5, where dashed lines indicate Ada generics.

At an intermediate level of design abstraction, options are used to repre-
sent program units encapsulated in a package, as illustrated in Item b of
Figure 5. Specifically, the structure of nested program units within a
program unit declared in the specification of a package can be represented
using the Hierarchy Diagram (Option C). The sequential set of subprogram
calls within this program unit and the concurrent execution of Ada tasks
within it can be represented using the Invocation Diagram (Option D).

At a yet lower level of design abstraction, options can be used to repre-
sent selective detail. As illustrated in Item c¢ of Figure 5, these
abstracts can be thought of as "blow ups"” of entities identified in invoca-
tion diagrams. Abstracted detail of data flow between subprograms can be
shown in a Subprogram Data Flow Diagram (Option E). Abstracted detail for
task rendezvous can be shown in a Task Rendezvous Diagram (Option F). The
visibility of type, constant and variable declarations can be shown in a
Data Structure Diagram (Option G).

At the lowest level of abstraction, SHARP Annotated Pseudo Code (Option H)

can be used to show program unit operations, logic and other processing
within program unit bodies, as illustrated in Item d, Figure 5. This
represents the junction of SHARP with traditional design presentations
using PDL. A Data Structure Detail Glossary (Option I) can be used to

represent data structure details not accounted for in a Data Structure
Diagram.

2.2 HIGH LEVEL SHARP ABSTRACTS

2.2.1 Principles of Object-Oriented Design With Ada

Using principles of object-oriented design, a large computer program is
composed with pieces, each associated with one or more objects. An object
accounts for a subset of software requirements. It is implemented using a
unique set of operations and a local state defined in a data structure.
The unique operations and local state are known only to the internals of
the object implementation. Parameters may be passed from one object
implementation to another. However, care must be taken in selecting passed
parameters so as not to introduce interobject dependencies. To the extent
possible, passed parameters should not include variables and flags used in
the formulation of the local state and operations unique to the object

implementation. In this way, undesirable coupling between object implemen-
tations can be avoided.

Requirements are assigned to objects so as to make their implementation
independent and self sufficient, and in a sense, mimic real world objects,
such as alarm clocks and telephones. Such real world objects make
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available to users a small number of basic operations (e.g., set time,
enable and disable alarm, dial number, answer, hang up), while hiding from
users implementation details. Hiding information is good for real world
objects because it prevents interference from other objects (such as dust
or grit in the case of clocks and telephones), and minimizes the number of
places to look when something goes wrong. (One doesn’t disassemble the
alarm clock when the telephone fails to ring.)

Object implementations are very much like real world objects. They exist
as relatively independent units, which can be combined together to build
larger object implementations. The combination of objects then becomes a
new object that presents a simple interface in the form of a collection of
operations that can be performed on (or by) that object. The fact that an
object may have to communicate with hundreds of its composite objects in
order to accomplish an operation is completely hidden.

Older lTanguages provide only subprograms and hence support only procedoral
and functional abstraction. However, as Guttage, llorowitz and Musscer point
oul in Current Trends in Programming Mcthodology, "Ihe nature ol absi rae-
Lions that may be conventently achleved througy the use of subrontlines is
limited".

With Ada, objects can be implemented using packages and tasks. However,
some experts do not recommend extensive use of Ada tasks due to slow
rendezvous execution times and potential difficulties in testing.

Accordingly, Ada packages are important to the implementation of object-
oriented designs. Information hidden within each  package limits
dependency relationships between objects. Only parameters declared in
program units, contained within the specification of a package, can be
passed from one package to another.

Designers of large and complex Ada computer programs should choose to use
an object-oriented approach, as opposed to older functional type design

approaches. As Grady Booch suggests, a large software system should be
built with layers of abstraction.% He feels that each layer should
account for collectious of objects. Furthermore, Booch feels that Dbecausce

objects may be independent and autonomous, there undoubtedly will be
several threads of control active simultaneously throughout a system. When
using Ada to implement an object-oriented design, Booch associates objects
with Ada packages and tasks, and suggests that classes of objects should be
associated with packages that export parameters of private or limited
private types. By class of objects, Booch means a set of similar but
unique objects. By restricting exported parameters to private or limited
private, the user of the package has limited use of the passed paramcter.
For example, if the parameter is private, the user is excluded from apply-
ing operations on the parameter other than those operations defined within
the package specification. The only exception to this rule is assign-
ments and tests for equality and inequality, which can be made. If the
parameter is 1limited private, assignments and tests for equality are no
longer automatically avallable. The use of private and limited private is
relevant to parameters passed between object implementations that may
couple the implementations. Such restrictions apply to passed parameters
used in the formulation of the local state and operations unique to an
object implementation.
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When used in conjunction with object-oriented designs, some reusable Ada
packages will themselves be object implementations (e.g., I/0 device
drivers, signal processing algorithms and database management systems).
Other reusable Ada packages will be wused to help construct object
implementations (e.g., mathematical functions and data structure routines).

2.2.3 Ada Package Content Diagram (Option B)

2.2.3a Purpose

An Ada Package Content Diagram provides a pictorial abstract of an Ada
package. Specifically, it is used to represent program units declared
within a package’s specification, the existence of data structures, other
packages nested in the package’s body, and package's accessed through the
Ada "with” clause,.

2.2.3b Description

As described in Chapter I, an Ada package is the program unit that acts as

a container for various Ada entities, including subprograms, tasks,
exceptiona, and declarations of varlables, types, subtypes, and constants.
It consists of a specification and a body. The specification can be

thought of as defining the contractual rights of a user, specifying
visible entities within the package that the user can reference. Program
units declared in the body of an Ada package are completely hidden from,

and inaccessible to any users outside of the package. Similarly, types,
constants and variables declared within the body of a package are hidden
and inaccessible. Accordingly, packages are used extensively in designs

where information hiding is to be introduced.

The Ada package content diagram represents subprograms and tasks declared
in the package’s specification, as shown in Figure 7. The Ada package
content diagram does not represent subprograms and tasks nested with the
bodies of program units visible in a package. Rather, these program units
are represented by intermediate and lower level pictorial options of SHARP,
described in Sections 2.3 and 2.4, respectively.

As also shown in Figure 7, the Ada Package Content Diagram can be used to
represent packages nested directly in the subject package, and to represent

the use of the Ada "with” clause to acccess other packages. The specifica-
tion ol a package, or its body, can access one or more other packapges using
the "with” clause. These packages can, in turn, access other packages.

The result can be envisioned as layers ‘of packages, as illustrated in
Figure 8. 1In this figure, generic Ada packages are indicated by dashed
lines.

Layers of packages are discussed in conjunction with object-oriented design
in the example provided in Section 3.3. As described in this section, the
interaction of object implementations can be shown using a SHARP Invocation
Diagram (defined in section 2.3.2) for communicating program units (e.g.,
the visible program units declared in the specification of a package used
to encapsulate an object implementation).
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2.3 INTERMEDIATE LEVEL SHARP ABSTRACTS

2.3.1 Hierarchy Diagram (Option C)
2.3.1la Purpose

A Hierarchy Diagram represents program units nested in a subject program
unit (i.e., program units that are both declared and implemented). In
addition to representing a subprogram or task declared in the specification
of a package, it can be used, for example, to (l) represent program units
to be nested in tasks declared in the main program, or (2) represent the
nested set of program units used to implement the operational part of the
main program or a package.

2.3.1b Description

A Hierarchy Diagram utilizes pictographs defined by Basic SHARP to represent
program units. Specifically, a square is used to represent a subprogram, a
parallelogram to represent a task, and a small rectangle to indicate a
package "with” clause.

In the Hierarchy Diagram, nested program units are assigned to levels. The
subject program unit is assigned to Level 1. Program units declared within
the subject program unit are assigned to Level 2. In general, a program
unit declared within a program unit at Level n is assigned to Level n+l.

As shown in Figure 9, a straight line is drawn from the body of a program
unit at Level n to the specification of the nested program unit at Level
ntl; and a straight line is drawn from the small rectangle indicating a
package "with” clause to the program unit to which the clause applies.

The name of each program unit can be provided in the program unit’s specifi-
cation or body, or adjacent to the program unit. In Figure 9, each program
unit is given the name PU (standing for Program Unit) followed by "under-

score" and a program unit identifier. The identifier consists of the

program unit’s level number and unit letter, (e.g., PU_3b indicates unit b
in Level 3). 1In practice, PU typically can be replaced by a name represen-

tative of the object or function implemented by the program unit (e.g.,

RADAR_TRACKER 2d or FFT 3e).

2.3.2 Invocation Diagram (Option D)

An Invocation Diagram displays the flow of control within a computer
program. Specifically, it represents task activation, task rendezvous,
and calls to subprograms, including subprograms contained in the specifica-
tion of a package. The Invocation Diagram is essential in defining depen-
dency relationships between program units, and therefore, is a useful tool
in reviewing the complexity of such dependencies. Figure 10 provides an
example of an Invocation Diagram associated with the Hierarchy Diagram
shown in Figure 9. The following paragraphs describe the symbols used in
conjunction with pictographs in an Invocation Diagram.
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FIGURE 10. INVOCATION DIAGRAM (OPTION D)
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An Invocation Diagram utilizes the pictographs defined by SHARP. However,
in contrast with a Hierarchy Diagram, an Invocation Diagram directly
indicates calls to program units contained in package specifications. A
called subprogram or task belonging to a package 1is represented by a
bounded pictograph, as shown in Item a of Figure 11.

As described in subsequent paragraphs, Invocation Diagrams represent the
calling sequence of program units, recursive processes, and conditional
subprogram calls. In addition to representing calls to program units
declared in packages, Invocation Diagrams also represent other Ada unique
characteristics such as:

° Task rendezvous
™ Task activation
) Generic program units

2.3.2a Representing a Sequence of Program Unit Calls

Within an Invocation Diagram, arrows are drawn to the specifications of a

called subprogram from the bodies of the calling units, as shown in Figure
180

With the exception of program units involved in recursive processes or
loops, if a program unit is called n times during the execution of a
program, the program unit must be shown n times in the Invocation Diagram.

2.3.2b Representing Conditional Subprogram Calls

A call to a subprogram or task depending upon some transient condition
(e.g., a 'select,' 'accept,’ '1if’ or ’‘case’ statement) 1is pictorially
represented in an Invocation Diagram. Specifically, the existence of the
transient condition is indicated by a tilde placed on the arrow represent-
ing a program unit call, as illustrated in Item b of Figure 11.

2.3.2c Representing Recursive Processes

A program unit which calls itself recursively is represented by a semi-
circular arrow, beginning at the bottom of the pictograph representing the
program unit and ending on its side, as shown in Item a of Figure 12. Two
program units that call each other recursively are flagged by asterisks
placed adjacent to a double arrow, as shown in Item b of Figure 12. More
than two program units involved in a recursive process are flagged by
asterisks adjacent to a "feedback loop,”as shown in Item ¢ of Figure 12.

2.3.2d Representing Task Rendezvous

Task rendezvous 1is represented by a curved arrow from the body of the
calling task (or from a circle containing "H/W” if a hardware interrupt) to
the specification of the acceptor task, as shown in Figure 13. Details of

task rendezvous are pictorially represented in a Task Rgndezvous Diagram,
as described in Section 2.6.
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2.3.2.e Pictograph for a Generic Subprogram

A generic subprogram is represented by a square with a dashed line used to
establish the narrow part representing the subprogram’'s specification, as
shown in Figure 1l4.

2.4 LOWER LEVEL SHARP ABSTRACTS

2.4.1 Subprogram Data Flow Diagram (Option E)
2.4.1a Purpose and Background Information

A Subprogram Data Flow Diagram represents data flow between a subject
program unit and a specified caller. As background information, wvarious
diagrams have been used to represent data flow. For example, IBM has
developed HIPO charts (i.e., Hierarchical Input, Processing, and Output),
as illustrated in Item a of Figure 15. The wide arrow into and out of the
center rectangle accounts for inputs and outputs, and the center rectangle
accounts for processing performed on the input to produce the output.

Item b of Figure 15 shows another example of a Data Flow Diagram. Arrows
show the data flow and the circles indicate the type of processing to be
performed on the data.

2.4.1b Description

The Data Flow Diagram of Advanced SHARP pictorially represents data flow
between a subject subprogram and a specified caller, by the modes
established in the subject subprogram’s specification. In Ada, the speci-
fication defines the mode of parameter passing, which is one of the
following:

) in’ (i.e., the value of a parameter is received and not
modified)

° ‘out’ (i.e., the value of a parameter is created and
exported)

° 'in out’ (i.e., the wvalue of a parameter 1is received,

modified and exported).
As an example of a procedure specification, consider the following:

procedure SAMPLE (PARl: in INTEGER
PAR2: 1in FLOAT
PAR3: 1n out FLOAT
PAR4: 1in out FLOAT
PARS: 1in out INTEGER
PAR6: out FLOAT
PAR7: out INTEGER) 1is
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Here a procedure named SAMPLE receives input parameters PARl and PAR2,
which are not modified; receives input parameters PAR3, PAR4, and PARS,
which are altered and exported; and exports parameters PAR6 and PAR7, which
have been created. With SHARP, this data flow is pictorially represented
by a calling subprogram above the called subprogram, as shown in Figure 16.

Parameters received (i.e., the in mode) are shown as shaded circles on a
directed line pointing to the called subprogram from the calling program
unit. Parameters to be exported (i.e., the out mode) are shown as shaded
circles on a directed line pointing to the calling program unit. Parameters
received, modified and exported (i.e., the in out mode) are shown as shaded

circles on a directed line pointing to both the calling program unit and
the called subprogram.

2.4.2 Representing a Generic Subprogram in a Data Flow Diagram (Option E)

If the parameter being passed has a generic type, the circle on the
directed line is not shaded, as illustrated in Figure 17. As an example,
consider the procedure that exchanges two elements with a generic type:

generic
type ELEMENT is private
procedure EXCHANGER (FIRST, SECOND: in out ELEMENT);
procedure EXCHANGER (FIRST, SECOND: in out ELEMENT) is
TEMPORARY: ELEMENT
begin
TEMPORARY : =FIRST;
FIRST:=SECOND;
SECOND:=TEMPORARY;
end EXCHANGER;

The specific name of the generic procedure and the definition of type
ELEMENT must be created prior to use of this procedure, which is referred
to as instantiation. We may declare several instances of the generic
program unit, as illustrated by the following:

o procedure INTEGER EXCHANGE is new EXCHANGER (ELEMENT=>INTEGER) :
o procedure FLOAT_ EXCHANGE is new EXCHANGER (ELEMENT=>FLOAT) ;

If these instantiations were in a calling procedure named CALLER, the
Advanced SHARP Data Flow Diagram would be given as shown in Figure 17.

In addition to making the type of a passed parameter generic, Ada also
permits the range of values permissible for a passed parameter to be
generic for the in and in out modes. (The mode out cannot be used with a
generic parameter.) For example, consider the following generic procedure:

generic
ROW : in INTEGER:= 24;
COLUMNS: in INTEGER:= 80;
procedure MATRIX is
o]
o}

o
end MATRIX;
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FIGURE 16. SUBPROGRAM DATA FLOW DIAGRAM (OPTION F)
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FIGURE 17. GENERIC PROCEDURE “"EXCHANGER"
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It can have several instances, such as
o procedure SMALL MATRIX is new MATRIX (ROWS=>5, COLUMNS=>10);
o procedure LARGE MATRIX is new MATRIX (ROWS=>130, COLUMNS=>230);

If these instantiations were iIn the calling procedure MATRIX CALL, the
Advanced SHARP Data Flow Diagram would be given as shown in Figure 18.

2.4.3 Task Rendezvous Diagram (Option F)
2.4.3a Purpose

The complexities of inter-task relationships may become so intricate that
software quickly becomes difficult to understand and costly to maintain.
Task Rendezvous Diagrams provide insight 1into such complicated task
rendezvous.

Invocation Diagrams identify calling and acceptor tasks. However, these
diagrams do not represent task entry points and give no information about
the nature of the entry call (conditional, unconditional or time-condi-
tional) or conditions of its acceptance. Task Rendezvous Diagrams supple-
ment Invocation Diagrams by pictorially supplying this information.

2.4.3b Pictographs Used in a Task Rendezvous Diagram

A Task Rendezvous Diagram utilizes the SHARP pictograph for a task, the
parallelogram; a pictorial representation for task entries, a small
parallelogram which overlaps the representation of a task’s specification
and body; and a representation of interrupts from hardware, the circle.
These pictographs are shown in Item a of Figure 19.

2.4.3c Representing Task Entry Points

A rendezvous between two tasks is initiated by one task calling an entry
declared in another. As is the case for a procedure, parameters to be
passed can be of the in, out, or in out modes.

If a task has many entry points (i.e., more than three), they may be
represented as one long parallelogram with several lines drawn through it.
In this case, the names of all entry points are shown adjacent to the task,
as illustrated in Item b of Figure 19.

2.4.d Representing Access to Task Entry Points

Task entry calls are shown by three arrows drawn between the calling task
and the acceptor task. Circles on these arrows represent parameters being
transferred. Like the data flow diagram, each of the arrows identifies
parameters which are either in, out, or in out. The nature of the para-

meters may be derived from the direction of the arrowhead(s), as explained
in Paragraph 2.4.1b.

Item a of Figure 20 illustrates the following task:
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(a) PICTOGRAPHS USED IN A TASK RENDEZVOUS DIAGRAM

READ_POWER
AEAD_PRESSURE
READ_TEMP
LOG_DATA

{b) REPRESENTING TASK ENTRY POINTS

FIGURE 19. TASK RENDEZVOUS DIAGRAM
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task ALTITUDE CORRECT is
entry READ NEW _ALTITUDE (CHANGE: in REAL;
HEIGHT: in out REAL;
NEW_POSITION : out DIMENSION);
end ALTITUDE_CORRECTION;

A task entry which does not have all three parameter modes may be pictori-
ally represented with only one or two arrows. A task entry with no parame-
ters may be represented by a straight line connecting it and the calling

task. A task entry with only the in and out mode is shown in Item b of
Figure 20 and the following example:

task ALARM 1is

entry POST_ALARM (READING: in SENSOR_READINGS;

STATE : out STATUS);
entry STOP;

end ALARM;

Thus far, we have been discussing unconditional entry calls; that is,
patient caller tasks which will wait indefinitely for a rendezvous. With
SHARP, we can also represent conditional and time-conditional task entry
calls. A conditional entry call occurs when the calling task requests a
rendezvous, receives no immediate response from the acceptor task and,
therefore, takes an alternative action. A conditional task entry call is
represented by a tilde placed on the appropriate arrow connecting the

calling and acceptor tasks. Item a of Figure 21 illustrates the condi-
tional call for the following example:

task body ALERTER 1is

select
ALARM.POST_ALARM (...);
else

. . . =-- some alternative action
end select;

end ALERTER;

A time-conditional call occurs when the caller task requests a rendezvous
and waits T units of time for the rendezvous to occur; if there is no
response, alternative action 1is taken. The time-conditional call is
pictorially represented like the conditional call, with a 'T’ adjacent to

the tilde. Item b of Figure 21 illustrates the time-conditional call in the
following example:
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FIGURE 21. CONDITIONAL TASK ENTRY CALLS
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task body ALERTER is

select
ALARM.POST_ALARM (...);
or delay T;

end select;

end ALERTER;

2.4 .3e Representing Acceptance of a Task Call

Like the caller task, the acceptor task may have conditions associated with
a rendezvous. When this is the case, the entry shall be pictorially
represented by a tilde inside the entry representation (within the task’'s
body). Item a of Figure 22, and the following example, illustrate this
situation:

task body ALARM is
select
when X =>
accept POST_ALARM (...) do

end;
or
when Y =>
accept STOP do

end;
end select;
end ALARM;
Also, like the caller task, the acceptor task may be time-conditioned. In
this case, affected entries shall be pictorially represented by a 'T' in-

side the entry representation (within the task’s body). Item b of Figure
22 and the following example illustrate this case.
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task body ALARM is

select
accept POST_ALARM (...) do
end;
or
accept STOP do
end;
or

delay T; -- timeout
end select;

end ALARM;

In addition to the above two cases, acceptances of entry calls may be in
fixed order (specified) or in time order (first come, first serve).
Entries accepted in fixed order are represented by numbers within the
affected entry points where ‘l’ indicates first, as illustrated in Item a
of Figure 23 and the following example:

task body ALARM is
accept POST ALARM (...);
accept STOP;
end ALARM;
Acceptance on a first arrival basis is represented by a line connecting the
affected entry points, as illustrated in Item b of Figure 23, and the
following example:
task body ALARM is
select
accept POST_ALARM (...) do
end;
or
accept STOP do
end:

end select;
end ALARM;
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(a) Representing Acceptance on a Fixed Order Basis
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(b) Representing Acceptance on a First Arrival Basis

FIGURE 23. ORDER OF ENTRY CALL ACCEPTANCE
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2.4.4 Data Structure Diagram (Option G)
2.4.4a Purpose

Data Structure Diagrams pictorially present an abstracted representation of
type, constant and variable declarations within a package, and their
visibility. These diagrams are a useful tool to a designer when trying to
utilize the mechanism of information hiding to control dependency relation-
ships between program units (e.g., for software maintainability and versa-
tility) or to encapsulate security-critical software.

Several degrees of information hiding may be achieved by varying the use of
package specifications and bodies, and through the use of private and
limited private types. The Data Structure Diagram provides a pictorial
representation which clearly illustrates wvisible, hidden, and private
declarations within a package.

A Data Structure Diagram also distinguishes between discrete types (i.e.,
numbers and characters) from structured types (i.e., arrays and records);
and represents discriminate types, access types and task types.

As shown in Figure 24, declarations of types, constants and variables are
represented as follows:

° Upright narrow geometric entities for type declarations
° Right-slanted geometric entities for constant declarations
° Left-slanted geometric entities for variable declarations

2.4.4b Representing Items Declared in the Package Specification

Items may be declared and decomposed in the specification of a package.
These items are therefore visible and available to the user. The user may
access visible entities, wutilizing either dot notation or the Ada ‘use’
clause. Pictorially, visible declarations are represented as unshaded ver-
sions of the geometric entities used to represent types, constants and
variables. A number placed directly above each entity, is associated with
a declaration name, as illustrated in Figures 24.

2.4.4¢c Representing Items Declared Private or Limited Private

Items can be declared private or limited private in the visible part of the
package specification and refined in the private part. This restricts the
use of such items. Specifically, if an item is private, the user can only
apply to it operations defined within the package specification, and
assignments and tests for equality. If an item is limited private, assign-
ments and tests for equality are no 1longer automatically available.
Pictorially, such declarations are represented by partially shaded geomet-
ric figures, as illustrated in Figure 25.
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2.4.4d Representing Items Declared in the Package Body

Entities declared within the body of a package are inaccessible to program
units external to the package. Such hidden declarations are represented by
shaded geometric figures, as shown in Figures 26.

At design reviews or when teaching Ada, we may want to select other options
for showing the visibility of declared entities. For example,

o Magnification of both the body and specification of a
package can be used to show data structure detail of both
hidden and visible entities declared directly in the package

(i.e., not under any other program unit), as illustrated in
Figures 27.

° Magnification of a package body and the bodies of program
units within the package, to show all items declared within
a package body (both directly and under a program unit), as
illustrated in Figures 28.

) A combination of the previous options to show the visibility
of all visible and hidden items declared both in the package
directly and within all program units contained within the
package, as shown in Figures 29.

2.4.5 Representation of Types

2.4.5a Representing Discrete Types

A discrete type, or scalar type, defines a set of values that have no
components. They include integer, real and enumeration types. As shown in
Item a of Figure 30, an integer type is represented by an upright narrow
rectangle with the letter "I" underneath it; a real type with the letters
"RL"; and an enumeration type with the letters "EN".

2.4.5b Representing an Array type

An array is a collection of components, with each component of the same
type. An array type is represented by an upright narrow rectangle with the
letters "AR" underneath it, as illustrated in Item b of Figure 30.

2.4.5c Representing a Record Type

A record is also a collection of components. However, records differ from
arrays in that not all components must be of the same type. Also, the
selection of a record component is always static and determinable at the
compile time, whereas an array component can be made dynamically at run
time (by evaluating an expression denoting an index value). A record type
is represented by an upright narrow rectangle with the letter "RC" under-
neath it, as illustrated in Item b of Figure 30.
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2.4.5d Representing a Discriminated Type

Ada also facilitates a discriminated types, where variables of this type
are called "discriminants." A record with discriminants may have (a)
variant parts in which certain components are present only for certair
values of the discriminant, and (b) array components whose bounds are fixed
by the values of discriminants. Conceptually, a discriminated type can be
thought of as introducing a set of record values, each value in the set
having a different structure. A discriminated type is represented by an
upright narrow rectangle with the letter "D" underneath it, as illustrated
in Item b of Figure 30.

2.4.5e Representing an Access type

As an alternative to statically allocated data, Ada provides a mechanism
for allocating variables dynamically during program execution. Since the
storage locations used for dynamic variables are not determined in advance,
they cannot be referenced by a name but must instead be referenced indir-

ectly via a so-called access type. Unknown amounts of data can be handled
by dynamically allocating storage to each new datum when it is received.
In this way, complex data structures can be built with components dynami-

cally allocated. An access type 1is represented by an upright narrow

rectangle with the letters "AC" underneath it, as illustrated in Item b of
Figure 30.

2.4.5f Representing a Task Type

A task type is formed when the keyword task is followed by the keyword
type. Elaboration of the corresponding task body defines what a task of
that type does. It does not cause a task to be activated. Rather, tasks
are activated separately by declaring variables of the task type. A task
type is represented by an upright narrow rectangle with the letter "T"
underneath it, as illustrated in Item b of Figure 30.

2.4.5g Representing the Tvpe of a Variable and Constant
The type of a variable or constant can be represented as follows:

o If the type is predefined, then the first letter of the type
(e.g., I for INTEGER) is placed under the geometric repre-
sentation of the variable or constant.

o If the type is defined, the letter "T" followed by the type
glossary number is placed under the geometric representation
of the variable or constant.

For example, in Figure 31, variables number 1 and 3 are of the predefined
type INTEGER, variables number 2 and 4 are of the predefined type BOOLEAN,
variable 5 is of defined type Tl, variables 6 and 8 are of defined type T2,
and so forth.

2.5 LOWEST LEVEL SHARP ABSTRACTS

At a low level of abstraction, SHARP junctions with traditional design
representation using Ada-based pseudo code and a glossary of data structure
detail. This is the lowest level of design abstraction with SHARP.
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2.5.1 Annotated Ada-Based Pseudo Code (Option H)

SHARP utilizes annotated pseudo code to represent the design of program
unit bodies. SHARP criteria include general standards for the pseudo code
and its annotation. Standards of the criteria require that the name of the
subject program unit is clearly shown, and the beginning and end of the
pseudo code for the subject program unit is bracketed as follows:

Begin Procedure SAMPLE 1 ____

o}
(o}
(o}

End Procedure SAMPLE 1

In addition, the standards require the pseudo code to account for the
following:

Logic and decisions
Algorithms

Program unit calls and I/0
Generic instantiation
Exception handling

The standards require that the design associated with these factors must be
presented using certain Ada key words and annotation, as described in the
following paragraphs.

2.5.1la Logic and Decisions

SHARP criteria states that Ada control statements must be used to represent
the design for logic and decisions made in the body of a program unit. For
example, the if and case statements are used to provide conditional control
(i.e., the selection of one of a number of alternate actions).

The if statement selects a course of action depending upon the truth value

of one or more conditions. In Ada, there are three basic forms of the if
statement:

o if-then
® if-then-else
°® if-then-elsif

In each case, the if statement is terminated with an end if clause. SHARP
pseudo code annotates the if statements with brackets bounding the begin-
ning and end of the statement, as illustrated in Item a of Figure 32.

The case statement provides for the selection one of a set of multiple
alternative actions, as a function of the value of an expression. Only one
of the alternative actions is taken. SHARP pseudo code annotates the case
statement with brackets as illustcrated in Item b of Figure 32.
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Begin Procedure SAMPLE 2A :

if Y>0 then

end if

if X>0 then

else

end if

if A=B then

elsif A=C then

else

end if

End Procedure SAMPLE_A i

(a) USE OF “IF"* STATEMENTS

FIGURE 32. ANNOTATED PSEUDO CODE
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Begin Procedure SAMPLE 2B

case TEST is
when PASS Call Procedure CONTINUE
when FAIL Call Procedure RESTART

end case

End Procedure SAMPLE_ 2B

(b) USE OF THE “"CASE” STATEMENT

Begin Procedure SAMPLE_2C

loop

end loop .

loop

loop

end loop

end loop

End Procedure SAMPLE 2c

(c) USE OF THE "LOOP STATEMENT

FIGURE 32. (CONTINUED)
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Begin Procedure SAMPLE _2D

for i=1;2; .. N

—

end loop

while B>0 loop

end loop

End Procedure SAMPLE 2D

(d} USE OF THE "FOR’ AND “WHILE"” STATEMENTS

FIGURE 32. (CONCLUDED)
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Repetitive execution of action is accomplished in Ada using the loop state-
ment. The basic loop is accomplished using a loop and end loop statement.
To leave a loop, an exit statement is used. SHARP pseudo code annotates
the loop statement with brackets, as illustrated in Item c of Figure 32.

To repeat a loop for a specific number of times, the basic loop can be
preceeded by a for iteration clause. Also, another form of iteration can
be accomplished with the while statement, whereby a sequence of statements
is repeated as long as some condition is true. SHARP pseudo code annotates
the for and while statements with brackets, as illustrated in Item d of
Figure 32.

2.5.1b Algorithms

SHARP criteria state that all mathematical algorithms to be implemented in
the body of a program unit must be clearly shown in the pseudo code. The
criteria makes no constraints on how the formulation is presented. There-

fore, either the notation of mathematics or a programming language is
applicable.

2.5.1c Program Unit Call

SHARP criteria state all program unit calls made in the body of a program
unit must be shown by the pseudo-code, but does not require specification
of parameters passed in conjunction with the call. The parameter passing
is shown by SHARP Data Flow Diagrams (for subprograms) and by SHARP Task
Rendezvous Diagrams. As illustrated in Figure 33, SHARP does require that
annotation be provided to identify the package a program unit is to be
implemented in, if it is to be other than the package (or task) of the
subject object implementation.

Begin Procedure SAMPLE 3

CALL Procedure EX 1

CALL Procedure COMMON_RI-——{Package Pl
Call Procedure EX_2

Call Entry A in Task BUFFER
Call Entry B in Task BUFFER

End Procedure SAMPLE 3

FIGURE 33. SHARP PSEUDO CODE FOR REPRESENTING
PROGRAM UNIT CALLS
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2.5.1d Generic Instantiation

The specific parameters passed between object implementations is represen-
ted by SHARP Data Flow Diagrams. This diagram represents parameters being
passed as shaded circles on directed lines.

If the program unit being called is generic, the line introduced to parti-
tion a pictograph into a narrow part (i.e., to represent the program unit's
specification) and a wide part (i.e., to represent the program unit’s body)
is dashed, as illustrated in Figure 34. 1In Ada, the specific name of the
generic procedure and the definition of unspecified types must be created

prior to <calling a generic program unit. This is referred to as
instantiation.

In addition to making the type of a passed parameter generic, Ada also per-
mits the range of values permissible for a passed parameter to be generic
for the in and in out modes of parameter passing. (The mode out cannot be
used with a generic parameter.) Several instances of such wvalues can be
established in generic instantiations.

SHARP criteria state that generic instantiation must be represented in the
SHARP pseudo code for program unit bodies. As shown in Figure 35, this
pseudo code is bracketed by dashed lines.

2.5.1le Input/Output

The high level input/output (I/0) facilities provided in Ada are not, as in
other languages, supplied in the form of additional language constructs.
Rather I/0 is accomplished using the predefined packages SEQUENTIAL IO,
DIRECT IO and TEXT IO. Their package specifications give a precise des-
cription of the I/0 facilities provided. TEXT_IO is used to read in data
generated by humans and to write out data to be read by humans.

SEQUENTIAL IO and DIRECT_IO are used for data written and read by a
computer and not a human (e.g., to store data on disc or magnetic tape).
They are generic Ada packages. For example, to declare files for elements
of a given type, an instance of the package must be declared and the
required element type must be specified as an actual generic parameter.
Such generic instantiation is represented using annotated pseudo code, as
we have already explained. Generic instantiatign for this package is
explained in Chapter 15 of An Introduction to Ada. -

Unlike SEQUENTIAL_IO and DIRECT_IO, TEXT IO is not generic but is an
ordinary Ada package. It is accessed using the Ada 'with’ clause.

In SHARP pseudo code, calls to program units contained in package TEXT_IO
is presented in the manner described in Paragraph 2.5.1lc. Instantiation of
program units contained 1in packages SEQUENTIAL IO and DIRECT_I0 is
presented in the manner described in Paragraph 2.5.1d.
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COMMON_UNITS

FIGURE 34. SHARP REPRESENTATION OF A GENERIC PROGRAM UNIT

Begin Procedure SAMPLE 4

Call Generic Procedure COMMON R2 COMMON_UNITYH----

where type ELEMENT {s INTEGER
type SUPPLEMENT is INTEGER
ROW = 5

End Procedure SAMPLE &4

FIGURE 35. SHARP REPRESENTATION OF A GENERIC INSTANTIATION



2.5.1f Exception Handling

Ada provides an explicit mechanism for detecting and responding to an
anomaly. The anomaly, for example, could be associated with erroneous
input data or overflow conditions. SHARP criteria require that the design
of a program unit’s body must specify the detection of the anomaly and the
course of action taken after the occurrence of the anomaly.

In Ada, the detection of the anomaly causes normal program execution to be
suspended and control transferred to an exception handler. Once the
exception handler has completed its processing, control transfers to code
following the exception handler code.

Figure 36 provides an example of annotated SHARP pseudo code used to
specify the detection of an anomaly and action taken in an exception
handler. SHARP criteria requires that (a) the pseudo code for the anomaly
detection must be introduced by the key words 'raise exception’ and must be
bracketed as shown in the figure; (b) the pseudo code for the action taken
upon occurrence of the anomaly must be introduced by the key words
‘exception handler,’ must be concluded with the key word ’'end,’ and must be
bracketed as shown in the figure, and (c¢) an arrow must point from the
bracket enclosing pseudo code for the anomaly detection to the bracket
enclosing pseudo code for the exception handler.

2.5.1g Example
Figure 37 provides an example of annotated SHARP pseudo code.

2.5.2 Data Structure Detail Glossary (Option I)

A SHARP data structure diagram presents an abstracted representation of
types (subtypes), constants and variables. It establishes the name and
visibility of each. It indicates the type of each variable, including
arrays, records, discriminants and dynamic variables (which are designated
as access types). It represents types and variables declared as private.

To complete the description of a data structure, a glossary can be used to
designate additional detail, including the following:

® The use of a variable and constant

e The range of values the design designates as
permissible in*a type and subtype

o The components associated with a record type

e The type of designated variables associated with
an access type.

3 APPLICATION OF THE SHARP PICTORIAL ABSTRACTS
This section presents examples of general applications of the various

pictorial options of SHARP. Examples of specific applications are provided
in Chapters III and IV.
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Begin Procedure SAMPLE 5

Call Procedure SENSOR
--it returns the parameter SENSOR_VALUE

raise exception

if SENSOR_VALUE>20 millivolts
in SENSOR_VALUE<1O0 millivolts

exception handler

when SENSOR_VALUE<10
Call Procedure SOUND_ALARM
when SENSOR_VALUE>10
Call Procedure RESTART
end

End Procedure SAMPLE_S

FIGURE 36. SHARP ANNOTATED PSEUDO CODE FOR RAISING
AND HANDLING EXCEPTIONS
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Begin Procedure SOFT_DEV_ESTIMATE

2SS = O

for p = 1,2, ... P

for 0 =1, 2, ... O(p)

#DATA = # TYPES (p,o) + »CONSTS(p,o0) + #VARS(p,o0)
#PCALL = #SUBCALL(p,o0) + #TASKS(p,o0)

#PBOD =~ #INSPECT_COUNT(p,o0)

DSI(p.o) = =DATA + =PCALL + #PBOD

#SS = #SS + DSI(p,o0)

end loop

end loop

if LANGUAGE =~ FORTRAN then
#SS = #SS*FORTRAMN_CALIBRATE
else if LANGUAGE = JOVIAL then
#SS = #SS*JOVIAL_CALIBRATE
else if LANGUAGE_ASSEMBLY then

#SS = #SS*ASSEMBLY CALIBRATE
else
#SS = #SS*ADA_CALIBRATE
end if

raise exception

if #Ss= 2000

FIGURE 37. EXAMPLE OF ANNOTATED PSEUDO CODE
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case COCOM_MODE is
when ORGANIC =»

K=2.4
E~-1.05

when SEMI_DETACHED =)

K=3.0
B = 1. 12
when EMBEDDED -»

K=3.6
E=-1.2

end case

Call Procedure COST_ESTIMATE

where

KGEN = K

exception handler

Call Procedure MODULE_ESTIMATE Package P10

end exception handler

End Procedure SOFT_DEV_ESTIMATE

FIGURE 37. (CONCLUDED)
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The examples are given in the context of a designer presenting his design
requirements at a design review. The examples illustrate the versatility
of the SHARP notation. The notation is shown to effectively represent
extremes in combinations of program units that a designer may choose in the
implementation of a large Ada computer program, regardless of whether an
object-oriented or more traditional design approach is being taken.

3.1 EXAMPLE 1 - SOFTWARE ABSTRACTION WITH PROCESSES

As discussed in Section 3.1 of Chapter I, processes consist of chains of
software modules introduced to (a) satisfy user commands and communication
interface requests and (b) perform processing automatically initiated on a
periodic or some other basis. Processes execute concurrently in the time
slice sense.

With languages such as FORTRAN, processes execute concurrently under
operating system control. With Ada, a designer can choose to implement
each process within the body of an Ada task, declared in the main program.

Figure 38 provides an example of representing the tasks nested in the main
program. As discussed in Chapter I, the diagram also 1indicates Ada
packages the designer wants the main program to access, through the Ada
"with" clause; and subprograms the designer wants nested in the operation-
al part of procedure MAIN.

This high level diagram can be used by a designer to represent interfaces
between the large Ada computer program and the "outside world." As a high
level diagram, it provides a manager with a conceptual view of the func-
tions of the large Ada computer program.

3.2 EXAMPLE 2 - SOFTWARE ABSTRACTION WITH PROCESS LEVELS

Since the requirements of a process are often complex, a designer typically
will use additional abstraction in the development and presentation of his
design. For example, a relatively small and easily comprehended portion
can be implemented at one level, with the rest of process requirements
implemented at other levels. At each other level, the technique is repeat-
ed, with abstraction of wvariables and manipulation of the data. The
designer may choose to abstract the design using layers of packages, which
is discussed in Section 3.3 of this chapter. The problem may lend itself
to abstraction using Ada tasks, which is discussed in Section 3.4 of this
chapter. Alternatively, the designer may choose to implement the design
using a controlling structure of subprograms and tasks assigned to levels,
which access packages using the Ada "with" clause.

With this approach, the body of each task, activated in procedure MAIN to
account for a process, is abstracted by constraining the amount of detail
within it to an easily understood amount. Excluded detail can be passed to
the bodies of called program units. The called program units may be
contained in an Ada package, which is made available through the use of the
Ada "with" clause.
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The deferred bodies of the called program units can be designed subject to
the same constraints that applied in the design of the task’s body.
Therefore, these bodies are also constrained to an easily understood amount
of detail, with lower detail moved again to called program units.

To illustrate the physical layout of Ada source code prepared in accordance
with such an abstracted design, consider the sample computer program shown
in the Appendix B. The main program appears first, followed by a set of
program unit threads for each process. Implementation of this program would
require thousands of lines of Ada code. The information provided in the
listing in the Attachment requires several pages, even in its "skeleton"
form. As shown in Figure 39, the same information can be provided in SHARP
Hierarchy Diagrams (Option C) on one page. Therefore, this abstract can be
used at design reviews to summarize thousands of lines of implementing
code.

Figure 40 illustrates how the SHARP Invocation Diagram (Option D) can be
used by the designer to show the sequence of calls for the program units
identified in a hierarchy diagram. In addition, the designer can select a
set of other SHARP options to provide Ada abstracts of lower level detail.

For example, Figure 41 illustrates how a designer can use the Subprogram
Data Flow Diagram (Option E) to specify data flow into and out of program
unit PU_A3a of Thread A. As another example, Figure 42 illustrates how a
designer can use Annotated Pseudo Code (Option H) to specify conditions of
procedure calls between Levels 3 and 4 of Thread C, flagged as conditional
by the Invocation Diagram.

The designer might use the Task Rendezvous Diagram (Option F) to show
details of rendezvous between tasks. Examples of these diagrams are
provided in Section 3.4 of this chapter.

The designer also might use the Data Structure Diagram (Option G) to show,
for example, the visibility of types, variables, constants and task types.
Examples of these diagrams are provided in the next section.

3.3 EXAMPLES 3 - SOFTWARE ABSTRACTION WITH ADA PACKAGES

As we suggest in the previous section, a designer may choose to abstract
the design using layers of packages. This approach can be used in conjunc-
tion with object-oriented design to minimize dependency relationships
within a large Ada computer program, a potentially significant problem.

As discussed in Section 2.2 of this chapter, object-oriented design is a
software development method in which a large computer program is composed
with object implementations. Each object implementation consists of a set
of operations unique to it and a local state defined in a data structure.
The implementation of unique operations are known only to the object. The
parameters describing the object and its state may be passed as parameters
to other objects.
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PU_A3a

7

PU_A3b

PU_A3c

PU_P7

y

PU_P15a

PU_Ada PU_A4b.
P7 '
PU_P8
P15 '
PU_P15¢

FIGURE 40. SHARPINVOCATION DIAGRAM
(Option D, Example 2)

P8
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PU_P9
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PU_A2a

PAR1
PAR2

PAR3
PAR4
PARS

PU_A3a

PU_A3a

PAR6
PAR7
PARS

PAR9
PAR10
PAR11

PU_P7

PU_A3a
PAR12
PAR13
PAR14
PAR1S
PAR16
PAR17
PU_Ada
PU_A3c
PAR18
PAR19
® PAR20
PAR21
PAR22
' PAR23
PU_A4b

27 £

FIGURE 41. SHARP DATA FLOW DIAGRAM

(Option E , Example 2)



procedure PU_A3a

--Pseudo Code in an Operations Diagram __

begin -- PU_A3a

if PAR3<T1 then

Call

else

Call

else

Call

else

end if;

end PU_A3a;

Procedure PU_P7

if PAR4<T? then

Procedure PU_A4a

if PARS<T3 then

Procedure PU_A4b

r;;ckage P7

FIGURE 42.

USE OF ANNOTATED PSEUDO CODE {OPTION H, EXAMPLE 2)
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In Ada, packages are important to the implementation of object-oriented
designs. Information hidden within each package limits dependency rela-
tionships between objects. Only parameters declared in program units,
contained within the specification of a package, can be passed from one
package to another.

A designer can use a set of Ada Package Content Diagrams (Option B) to show
multiple packages, each encapsulating an object implementation. The
multiple packages can be thought of as layers of packages, as illustrated
in Figure 43. 1In this example, the designer has introduced a procedure in
each package as the interfacing program unit. Each interfacing program
unit communicates with other corresponding interfacing program units in
other packages. In practice, it 1is desirable to keep the interfaces
between the packages as simple as possible. Parameters passed between
object implementa<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>