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CHAPTER 1

INTRODUCTION
1.1 IA IgI~lD~J i

The Ada Integrated Methodology (AIM) was developed as a product
of the Ada Capability Study that was conducted at General
Dynamics Data Systems Division. This study was performed in
response to a contract that was awarded to General Dynamics by
the United States Department of Defense (DoD). The purpose of
the Ada Capability Study was to provide data/information to the
DoD that would be useful in formulating an Ada-based 4V
communications system methodology and an Ada training program.

1.2 IATURE O FiIP.A£A II§Z_

The structure of the study is illustrated in Figure 1.2-1.
Within this structure, the methodology team developed AIM ich
was applied to the redesign of a message switch system by
design team. The redesign was a real-world case study bec; -e
the system redesigned is currently in production.

Problems associated with the application of AIM to the redk In
of the message switch system were documented by the design team.
Resolutions of these problems resulted in changes to AIN
throughout the project. AIM, along with the problems documented
and their resolutions were delivered to the DoD at the conclusion
of the study. The intent was to make this information available
to the DoD as input for making decisions relating to the use of
Ada in the future.

13 .,Ij.._ jIAZ

I1 is a requirements and design methodology developed
specifically for application to the development of Ada-based
communications systems. It integrates several existing
methodologies and some important design concepts with the power 0
of the Ada language.

1.3.1

AIM was being tailored for (1) ccmmunication systems and (2) Ada
constructs. Characteristics of a message switch system were
studied in an effort to facilitate AIN sensitivity to
communication systems. Additionally, Ada constructs were studied
extensively for incorporation into AIM. However, not only Ada
constructs themselves, but concepts such as information hiding
and abstract data types which are supported by Ada were also
studied.

I
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There are many elements of existing methodologies which are
beyond the scope of this methodology development effort.
Specifically, the methodology excludes the following:

- Development of documentation and plans in support of the
implementation of a new system such as (1) user guide,
(2) operations guide, (3) test plan, (14) new procedures,
and (5) training aids and courses

- - - survey of present system

- Conversion from present system

*- Implementation phase (does not address programming and
testing) - goes through design only

- Constraints such as time, money, and personnel

- Detailed explanations cf contributing methodologies,
concepts, and the Ada language (provides only basic
guidelines and examples for the requirements analyst and
designer).

*The AIN project life cycle concept can be used to help illustrate
* the scope of AIN (see Figure 1.3.1-1). The dotted lines on

Figure 1.3.1-1 indicate where AIN begins and ends. Although
*there is no implementation methcdology within AIN, Chapter 4 does

provide some Ada development standards.

* 1.3.2

ARM-is a requirements methodology for mapping A-specifications
(for communications systems) into requirnents that will be used
as input to the design process (see Figure 1.3.1-1). The
application of ARM results in a set of system requirements
expressed in three basic formats - (1) graphic illustrations
(models of the system functions, logical data structures, and

* concurrency), (2) structured Inglish which uses the Ada language
constructs as a base that is augmented by a disciplined use of
the English language, and (3) English narrative.

*The purpose of ARM is to effect an understanding of the problem.
The requirements analyst must understand the problem and convey
this understanding to the designer via the Ada Requirements
Document produced by the application of ARM.

Three basic assumptions were made prior to the development of
ARM. First, it was assumed that the A-specification document
needed to be decomposed and rewritten in a more structured format
with graphic illustrations in order to eliminate ambiguity and
enhance clarity. Secondly, it was assumed that the requirements -

* analyst and designer are not the same person. Thirdly, the Ada
language was assumed to be the implementation language.

3
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1.3.2.1 " Derivation

ARE was developed mainly from two existing methodologies -
Structured Analysis (Yourdon and De Marco) and SADT (Softech).
Both of these methodologies require functional decomposition of
the problem being studied during the analysis or requirements
phase of system development. Functional decomposition might even
be considered as the nucleus of both methodologies. Therefore,
ARM is heavily oriented toward functional decomposition. Also
the paper, "Software Requirements: A Report on the State of the
Art", pp. 22-30; Yeh, Zave, Conn, and Cole; October 1980, was the
primary contributor in the non-functional requirements area of
ARM.

1.3.2.1.1 Contribution of Structured Analysis

Structured analysis is a formal methodology for developing system
specifications or requirements that feed into the design process.
As stated above, functional decomposition is the salient feature
of Structured Analysis. A data flow diagram (DFD) is the vehicle
used to facilitate functional decomposition. Specifically, a
high-level system diagram that shows all the major functions of
the system is decomposed (by function) until all major functions
have been broken down sufficiently for understanding. This
method of functional decomposition is employed by AR.

The DFDs created by the application of structured analysis show
functions and their interfaces (data flows and files) with each
other. ARM uses DIDs in this same manner with some modifications
from SADT (which are addressed in a subsequent section below).

Structured analysis also requires the development of a data -

dictionary, logical data structure models, and structured English
specifications that describe the functions illustrated by the
lowest-level DFDs. ARM requires the development of these same
components. However, instead of structured English, ARE uses a
combination of Ada language constructs and a disciplined version
of the English language to state function specifications or
requirements.

1.3.2.1.2 Contribution of SADT

SADT employs some mechanisms during the development of DFDs that
have been adopted by ARM. Rectangular blocks are used to
symbolize functions on SADT diagrams instead of the circular
mechanism used by Structured Analysis to illustrate functions.
ARM employs SADT's rectangular block representation of functions
during the development of DFDs.

SADT uses the four sides of the block structures (functions) to oil
distinguish between inputs, outputs, control variables, and
man/machine interfaces. ARM employs this concept also.

5A.



Concurrency is not included in SArT DFDs. However, SADT does
recommend addressing concurrency after- developing the DYDs for
the system. ARM incorporates this same philosophy.

1.3.2.1.3 Contribution of Ada

Even though functional decomposition is the salient feature of
ARM and the main vehicle for producing an understanding of the
problem, the use of Ada as a requirements language is the first

step toward using Ada throughout the system development life2
cycle. The use of Ada as a program design language (PDL) during
design will capitalize on the capabilities of Ada even more than
its use as a requirements language.

Ada has the constructs that support writing concise, unambiguous, :..-

structured specifications. Therefore, a subset of the Ada
language (which includes the necessary constructs) formed theI
basis for a structured requirements specification language to be
used for writing functional specifications. The subset of the

U Ada constructs utilized by ANN is provided below:

if statement
case statement
loop statement
assignment statement
code statement
expression
relation
exit statement
procedure calls fcr pre-defined procedures
raise statement
exception handler.

As the requirements specifications language, Ada is used to
express the specifications for each lowest level (primitive)
function of the DPD. Disciplined English is used to supplement
the Ada requirements language constructs when they are
insufficient for representing a particular requirement.

* Additionally, comments are used where appropriate to add clarity
to the requirements. The symbol for a comment line is 0--", the
same as the Ada comment notation. A "-->" symbol is used to

* indicate a line of requirements specifications that is stated in
disciplined English. Figure 1.3.2-1 is an example of an Ada
requirements specification which uses Ada constructs, disciplined 0

* English, and comments.

*The use of Ada as the tool for expressing functional requirements
*is expected to provide a high degree of continuity from

requirements to design. This, of course, should result in fewer
4 conversions from requirements to design specifications;

6



DID DIAGRAM: A344 MODF 1103
A-SPECIFICATIONS RUUZRIER: PARAGRAPHS 3.2.1.2.13.1, DCAC-370-D175-1

TABUI 6-1
DESCRIPTION: EXAMINE A RECEIVED NSS1ZS COMMRO BLOMK (MCB) TO DMRnKUM IF THE

MESSAGE 1S 0111=10; V1 HOT, TRNM MODF AS REQUIRED To PREVENT
ORBITING, ADD THEi TIME OF MESSAGE RECEIPT. AMS RECALCVLATE BLOCK
PARITY (UP). IF MESSAGE IS ORSITING, NOTIFY OPERATOR.

REVISION: SAMA
DATE: 12/14/S1
AUTHOR: P. DOBBS

SPECIFICATIONS:
type CT In C..2;
COUNT : CT;

begin
COUNT ~
for all CHARACTERS in YOU loop

if CHARACTER - SWITCH 1D then
COUNT COUNT + 1;

and if;
and loop;
case COUNS to

when 0 0>
-- > ADD SWITCH ID TO FIRST ZERO FIELD

when I _> :,. 'ZERO15 ALL FIELDS AnTn POSITION Of SWITCULID
->ADD SWITCIDI SECOND TIME

when 2 -
->HOLD MESSAGE
-- PROVIDE ORBIT INFORMAXION

end came;
->ADD SON TIME

IF : C(l);
for I In 2. .83 loop

* IF :- SP zor HCI(I);
end loop;

end MODIFY MCI;

Figure 1.3.2-1 Example of Ada Requirements Specification

* 1.3.2.2 Scope of IRK

ARM restates and graphically illustrates system requirements in
teA-specifications document (both functional and non-

functional). It is not intended to constrain or limit the
designer. However, the functional decomposition and creation of

* DPDs in the requirements phase is considered by some as moving
toward design. The intent of ARE is to produce an understanding
of the problem and a requirements document that will aid and
facilitate the design process. The inclusion of functional
decomposition and DFDs in ARE is consistent with a trend in

* contemporary system development to incorporate more planning,

7
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discipline, and decision-making up front (prior to program -

development).

1.3.2.3 outputs

The output of ARM is an Ada Requirements Document. Components of
this document are listed below:

a. Functional Model of System (Data Flow Diagram)

b. Ada Function Requirements

c. Data Dictionary

d. Logical Data Structures Model

e. Concurrency Model(s)

f. Son-Punctional Requirements

The Ada Requirements Document is the vehicle for conveying system
requirements to the designer and is intended to feed into and
influence the design process.

1.3.3 ij nLA~ju~gL~g o

ADM is a design methodology that converts the output of IaM (Ada
Requirements Document) to a system design (see Figure 1.3.1-1).
The application of ADR results in a system design expressed by
graphic models and Ada program design language (PDL).

Several methodologies and design concepts have been combined with
the Ada language to form ADM. Therefore, the designer that
applies IDA should be equipped with a design "tool bag".

The purpose of ADM is two-fold. First, 1DM must produce a design
that satisfies the requirements in the Ada Requirements Document.

*' Secondly, it must produce a design that exhibits maintainability
(flexibility for design changes during development and after
implementation). Four assumptions influenced the development of
IDA. These assumptions are listed below:

a. The application of ARM produces an Ida Bequirements
Document that supports and influences a structured
design process.

b. The implementation language is Ada.

C. The design must, above all, satisfy the system
requirements as stated in the Ada Requirements Document.

d. Maintainability is the theme that must permeate the
design process.1

8
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1.3.3.1 Derivation

As stated above, ADM is a combination of selected design
methodologies, concepts, and the Ada language. As a result,
there were many contributors to its development.

1.3.3.1.1 Contribution of Object-Oriented Design (Beoch
and Jackson)

The O, :ct-Oriented Design Methodology as suggested by Grady
Booch ! i- arti,\e, "Describing Software Design in Ada", has
been employiad by ,DRl as the first step of the design process.
Some concepts fci.e Michael Jackson's data-driven design approach
have been merged with Rooch's object-oriented design approach in
this step.

The intent of the object-oriented design step is to take a first
cut at identifying the high-level objects of the system and
establishing Ada packages around these objects that exhibit
informational strength. However, object-oriented design is
mostly an art and has not been formalized as a mature design
methodology. As a result, the packages established during the
application of object-oriented design are not immediately
incorporated into the system design. Instead, they are put on
hold and reconciled with the system design produced later in the
design phase.

1.3.3.1.2 Contribution of Structured Design (Yourdon
and Constantine)

Structured Design contributed heavily to the development of ADM.
A structure chart (an important structured design tool) is
produced from the DFD produced during the requirements phase
using Structured Design techniques. Once the initial structure
chart is produced, it is evaluated in terms of goodness using twc
important structured design ccncepts (coupling and cohesion).
Additionally, some Structured Design heuristics are used to
produce an initial structure chart and then to evaluate and
enhance it until a satisfactory functional design is achieved.

1.3.3.1.3 Contribution of Composite Design (Byers)

The main contribution of Composite Design to the development of
ADM was to augment the Structured Design approach utilized.
Myers' Composite Design approach embraces nany of the same
principles of Structured Design with a little different flavor.
Perhaps the most significant contribution of Composite Design is
a cohesion concept called information strength which supports
information hiding and maintainability.

1.3.3.1.4 Contribution of Data-Driven Design Approach (Jackson)

Michael Jackson's book, ___ H describes
the Data-Driven Design approach which is used at two points
during the application of ADM. First, Jackson's approach is used

9



to facilitate object-oriented design. System objects are
represented using Jackson's mechanism for representing data
structures, and operations are assigned to otjects. Secondly,
the Data-Driven Design approach may be applied to subproblems
during the development of a structure chart.

1.3.3.1.5 Contribution of Selected Design Concepts

There are two concepts that are very basic to design -coupling

and cohesion. Coupling is a measure of the quality and quantity
of the interfaces between the modules of the system. cohesion is
a qualitative measure of the functional strength of the modules
in the system (how tightly the elements of a module are bound).
These two concepts are key features of the structured design
methodology. However, they are also regarded universally as
important measures of design.

Two other concepts that play an important role in the application
__ of ADM ate information hiding and abstract data types. These two

concepts are used to enhance a design beyond what can be achieved
by applying only coupling and cohesion as measures of design.
Information hiding involves making visible to a module only the
data that it needs in order to perform its function. The concept
of abstract data types promotes the development of operations
around an abstract data structure into one module. Ada supports
these design concepts better than most high-level languages.

* The four design concepts referenced above (coupling, cohesion,
information hiding, and abstract data types) heavily influenced

* the development of &DR. Therefore, it is important that the
designer have a good knowledge of these concepts.

1.3.3.1.6 Contribution of Ada

*ADM uses concepts supported by Ada and certain Ada constructs to
help determine system architecture. It also uses constructs of

* Ada as a PDL.

Ada concepts that support developing system architecture include
packaging and tasking. Packaging is the vehicle used to achieve
informational strength modules in design. Information strength
is the goal of object-oriented design which is applied by ADM.
Tasking is used by ADM to support concurrency and the performance
and real-time constraints asscciated with a communications
system. Specifically, tasking supports concurrent processing and -

synchronization which are important characteristics of
communication systems. The Ada task construct itself provides
for concurrent operations in the Ada environment. Task
communication and synchronization between tasks (concurrent
operations) is accomplished through the rendezvous mechanism in
Ida.

Ada language constructs are used as a PDL at two distinct points
in the application of design. Pirst, Ada is used to express the .

tasic framework of system design before hardware components are

10



identified. This first Ada PrL expression of system design
describes the interfaces between the subprograms, Packages, and
tasks within the system design as they exist pricr to
hardware/software partitioning. The second Ada FDL expression of
the system design occurs after hardware/software partitioning.
This second expression goes beyond describing the basic framework
and interfaces of the system design. It expresses the functional
requirements of each subprogram and package in the system
architecture. Additionally, the basic requirements of each
hardware component in the system architecture is described in the
second Ida PDL expression.

1.3.3.2 Scope of ADM

The application of ADM produces graphic illustrations of the
system design. ADM also facilitates the development of
programming requirements and design documentation. This is
normally within the scope of a design methodology. However,
.because ADM is an Ada-based methcdology, there is a tendency
toward using the Ada language as such as possible during design.
Also, the nature of the Ada language requires the designer tc
function somewhat like a chief programmer during design. For
example, the designer must evaluate the overall design in terms
of data types, overloading of functions, etc. Any encumbrances
created by improper data typing or improper overloading o.±
functions should be eliminated before actual program development
begins. ADM's use of Ada as a PEL for developing programming
specifications is another example of the impact and use of the
Ada language during design.

~The Ada influence on ADM moves design closer to the
* implementation/program development phase of the traditional

system development project life cycle. Considering this, ADM
broadens the scope of design. However, on the other side of the
Project life cycle, ARM includes scme tasks that have
traditionally been considered within the scope of design.

1.3.3.3 outputs

The output of ADM is an Ada Design Document. Components of this
document are listed below:

a. System Chart

b. Structure Chart

C. Packages Chart

d. N2 Chart

e. Ada POL expression of the system

f. Traceability Matrix

g. Design Philcsochy Docuarent



h. Logical Data Structures model

i. Jackson Data Structures.

The Ada Design Document is intended to provide the information
necessary for implementing the design.

* 1.*4

as stated earlier, it was assumed that the requirements
analyst(s) and the designer(s) are not the same person(s).
Therefore, separate recommendations are provided below for each
of these positions.

1.4.1 Begi nL. Me.meda

* The requirements analyst supplying ARM should be familiar with
the Structured Analysis and SILT methodologies. Ideally, he will
have experience applying one of these methodologies. It is also
recommended that the requirements analyst become sufficiently
familiar with selected constructs of the Ada language to use it
as the basis for writing structured English functional
specifications.

Of course, it may not always be possible to assign a requirements
analyst with the above qualifications to a development project.
Therefore, some requirements analyst training recommendations are
provided below:

a. Attend a Structured Analysis course (e.g., a week-long
Yourdon Structured Analysis course or a Deltak
Structured Analysis ccurse).

b. Develop familiarity with SAD? (e.g., read the SADT
'articles listed in Table 1.4.1-1).

C. Develop familiarity with the Ada language (e.g., read
the sections of an Ada text or reference manual such as
the ones listed in Table 1.4.1-1 that relate to the
constructs used by ABM to express function
requirements).

1.*4.2 pein

The designer applying ADM needs a "tool bag" full of design
* tools. Knowledqe of and/or experience working with four design

methodologies is needed by the ADM designer. Additionally, he
should understand two design concepts that are often associated

*with Ada - information hiding and abstract data types. Pinally a
good working knowledge of Ada is necessary in order to use Ada
during design.

12
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In short, the ADM designer should be an experienced, state-of-
the-art software engineer. Realizing that it may be difficult to
assign such a designer to each development project, two
recommendations for training an ADM designer are provided below:

a. Attend a Yourdon Structured Design course or a software
engineering course that addresses structured design,
object-oriented design, and data-driven design.

b. Attend an Ada design course.

* 1.4.3

Table 1.4.1-1 is a concise list of courses, books, and articles
that say be appropriate for study before applying kin. A
bibliography which lists all of the books, articles, class
outlines, etc., accumulated during the study is attached and may
be used to select study material for requirements analysts and
designers expected to use AIR.

1.s ofli 12_JJ. UR.112f1_0l-

Chapter 2 describes ARM and directs the requirements analyst in
its application. Each component of ABE is described, and
numerous examples and guidelines are provided to help the ..49
requirements analyst apply ARM.

Chapter 3 is devoted to ADM. The purpose of this chapter is to
provide a brief description of ADM and direction for the designer
applying it. Again, numerous examples and guidelines are
provided.

The complexity and power of Ada requires careful discretion from
the Ida designer/programmer. Therefore, there is a need for a
set of Ada development standards. Chapter 4 is an accumulation
of Ada development standards develofed during the Ada Capability
Study.

Chapter 5 summarizes the methodology experiences and
recommendations that evolved during the study. This includes
lessons learned, recommendations for isproving AIM, and
recommendations for further research.

14
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CHAPTER 2

ADA REQUIBEMENTS METHODOLOGY (ARM)

2.1

As illustrated in Figure 1.3.3-1, ARM converts the A-
specifications to an Ada Requirements Document which feeds into
the design process. The purpose of converting the A-
specifications to another document is twofold - (1) to restate
the A-specifications as structured, organized requirements and
(2) to effect an understanding of -Lhe problem which can be
conveyed to the designer.

ARB develops system reguirements in four parts as follows:

Part I Functional Requirements

Part II Non-Functional Requirements

Part III Concurrency Requirements

Part IV Ada Requirements Document

Part I consists of four major tasks: (1) functionally decompose
the problem using DFDs, (2) develop a logical data structures
model, (3) develop a data dictionary, and (4) state the
functional requirements. The other three parts are single-step
parts. Part II is the development of non-functional requirements
(i.e., requirements relating to performance, reliability,
maintainability, etc.). Part III is the development of
concurrency requirements (charts are created to graphically
illustrate concurrency). In Part IV, the Ada Requirements
Document is compiled.

It is recommended that the parts be performed in order (as listed
above). Figure 2.1-1 illustrates the order in which ARM steps
are to be performed with concurrency where appropriate. 0

2.2 A _ _ _Z.. _ _.'

Descriptions, guidelines and examples for the four steps of Part

I are provided below.

e2.2.1 fac~B4-2gl-§l2_2e
2.2.1.1 Description

The Functional Decomposition Model is a top-down breakdown of
what has to be done in the system. The tool utilized to express
it is a directed graph.

The major elements of the graph are boxes which represent
functions or processes which must be accomplished, directed arcs
which represent the flow of data or control information, and

15
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Figure 2.1-1 Model for Performing Ada Requirements Methodology Tasks.
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circles which may be used to represent files or temporary -
repositories of data. The side of the box to which an arc is
connected has significance according to the following convention:

Left side - input data which will usually be consumed or
modified by the function or process;

Top side - control informaticn or data which will be utilized
to control the function or process but will not normally be
altered;

Right side - any and all outputs of the process or function
which may then be used as input or control for any process ors
function, or as an output ot the diagram of which this box is
an element;

Bottom side - is not strictly a data flow but is utilized to
reference the mechanism by which a particular function may be
implemented such as a piece of hardware, or a particular
software function or utility; these are not normally
indicated until late requirements analysis or early design;
accompanying text should clarify whether this implementation
is binding.

The graph is organized into diagrams which generally have 3 to 7 W
boxes in them. The structure is such that the uppermost diagram
has the system of interest as cne box with data flow arcs
indicating all inputs and outputs to it (see Figure 2.2.1-1).
The next level diagram represents the functional decomposition of
the system of interest into its major functions. This is
illustrated by Figure 2.2.1-2. A correspondence should be
maintained between the inputs and outputs to a box and the inputs

* and outputs to the diagram which represents the functional
decomposition of that box so that no flows disappear or appear

* without explanation. This structuring of diagrams should be
carried out in a fashion similar to the construction of SADT

* Actigrams or the leveling of a data flow diagram in Structured
Analysis. A numbering scheme should be followed along the lines I
of that used in SADT.

The functional decomposition' mcdel is the major element of the
requirements phase representation of the system. All other

* elements are directly or indirectly related to it and should be
cross-referenced to individual parts of it when feasible.

2.2.1.2 Guidelines

(a) diagram 1-0 shows environment in which the system of
interest resides; must show all inputs and outputs for
the system of interest.

(b) diagram AO shows the whole system of interest; must
reflect all inputs and outputs shown in A-0, and
generally divides the system into 3-7 major logical
components.

17
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(c) each diagram reflects all inputs and outputs shown for 4
its corresponding box in the next higher diagram; it
generally divides its process into 3-7 subprocesses.

(d) elements of diagrams:

(1) boxes - represent processes or functions; should be
named with a concise, meaningful statement of their
function; their numbers are constructed by
assigning a unique digit to each box in a diagram
then appending each digit to the number for that
diagram (as a general scheme numbering is assigned
top to bottom, left to right)

(2) directed arcs - represent data or information;
should be named with a concise, meaningful
statement of their content; their numbering
reflects the box they connect to and is formed by
appending a prefix to a box number to indicate
which side of a box they connect to, many data
flows will have several numbers assiciated with
them

(3) circles - represent files or temporary repositories
of data; these should be given unique numbers for
the entire system; files should be introduced at
the level where they have an interface with more
than one box

(L4) small circles - may be utilized for on-diagram
connectors when a data flow arc would otherwise
have to cross several other data-flows; they should "
have unique numbers to distiniguish them when
several occur on the same diagram

(5) mechanism arcs - short arcs connected to the bottom
of boxes represent a mechanism, implementation,
utility, or common function; should be named with a41
concise, meaningful statement of what they
represent; when representing a common function a
list of equivalent boxes enclosed within
parentheses is an appropriate label.

(e) numbering scheme:

(1) letter portion:

A = activity, function, process
I = input
C = control
0 = output
M = mechanism, implementation
D = data

18



(2) number portion - each digit corresponds to the
respective level of the structure and indicates to
which element of that level it belongs

(3) formation - each box in the graph has its own
unique number; each diagram uses the number of the
box that it expands (except the overview diagram
which has no corresponding box and is therefore
numbered A-O); each data item may be given its own
unique number but will be cross-referenced to a
composite number indicating the box prefixed by a
use indicator for the data flows in which it
occurs.

U
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2.2.2 J. &i,.,u

2.2.2.1 Description

The data dictionary is a textual listing of the items which flow
along the data flow arcs of the Punctional Decomposition graph.
The entries should be recorded with meaningful names and cross-
referenced to the respective diagrams. Emphasis should be on
logical structure. The logical structure of a composite data
item may be shown using the Structured Analysis data dictionary
concepts of sequence, repetition, and selection.

The data dictionary lists all the logical components of the data
flows that are used in the diagrams of the Punctional
Decomposition. It provides the information for the development
of the Logical Data Structures.

2.2.2.2 Guidelines

1. Sequence: "...+...

D241 Message Control Block = header info -.

01A24 * time of entry
+ time of delivery

2. Repetition: *(a)(...)" to indicate a specific
number of repeats

"<alblct...>(...)" to indicate a
variety of specific number
of repeats

"a..b>(...)" to indicate a range
of possible number of
repeats

default a = 1, b - infinite "<..>(...)"

D23114 Routing-Indicator = R + <6)(any-letter)
111321

3. Selection: "[..-I--.]"
or "[a..b)" to indicate one value in a

range of values
D23112 Message Precedence = [criticIICPIPlashi
1121231 ImediatelPrioritylBoutine]

4. Option: "(...]"

5. items to record for each entry:

a. Data Reference lumber: D12...

b. Name: SOMR-NAME

c. Composition: = ... (when applicable)

d. Values and meanings: (when applicable)

22



*e. Related Data Plovs: 111241, OIA243

6. Comments may be denoted by enclosing then vithin
asterisks.

- ---- -- -- -- -- -- -

1. RCUTING-INVICITCR = 31-CODE T TT-CODE

RI-CODE = <1..7) (ALPHABETIC CHARACTERS)
TT-CODE = [MESSAGE SWITCHI

DIRECT TESINAL EQUIPHENTI
AUTOCIN EACKBONE|
AUTODIN UOU-BACIBONE]

2. TRUNK-TYPE = 77-CCDE + COMUrNITY-CCDE

TT-CODE = *SEE 11-CODE ABOVE*
CCHHUNITY-CODE = YIRlU],

*1 = INTELLIGENCE*
*R = STRITRGIC*
*D = TACTICAL* -

3. LINE-NUMBER = LU-CCDE + LINE-STATUS TT-CODE

LN-CODE = [112131...150]
LINE-STATUS = IELI-CODE + BUSY-COD! + AVAILAELI-CCE'

IrLE-COD! = [110) *1 = TRUE, 0 - FALSE*
BUSY-CODE = [110] *1 - TRUE, 0 = PALSE*
IVAILAEL!-CCE! - E110] 41 TRUE, 0 FALSE*

TT-CODE = *SEE 7-CCDE IBOVE*

Figure 2.2.2-1 Data Dictionary Entries for Three Logical
Data Structures

----------------------------------------------------------------- -------------
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2-2.3

2.2.3.1 Description

A logical data structure model is a graphic representation of the
logical data components of the new system and their relationships
to each other, as perceived by the requirements analyst. The
word "logical" implies that the structure is act physical.
However, the logical data structures model developed in the
requirements phase is intended to be a primary input to the
designer when he/she determines the physical data structures for
the new system.

A logical data structures model is composed of the following:

a. Logical data components
b. Keys for accessing each component

*c. Relationships (in the fcrm of pointers) between the
* components.

The model, along with the data dictionary, which describes the
contents of each logical data component, provides the designer an

* excellent view of the data structures required by the system.
With this information, the designer most determine the physical

*data structure(s) (e.g. hierarchical data base, random access
file, 7170 queue, stack, etc.) needed for the new system.

* 2.2.3.2 Guidelines

a. Identify all the file accesses in the existing system
and group them into input and output categories.

b. Identify the key for each access.

co Analyze each input and cutput access in terms of the
data flow that is actually required versus the present
data flow.

d. Develop logical components for the-required data flows.

* e. Analyze each logical ccuponent- in. terms of each
relationship to the key and separate unrelated data
elements (into separate logical components).

f. Separate repeating groups into new logical components.

g. Determine relationships (pointers) between all the
* . logical components developed.

h. Develop a model of the logical data structures.

Figure 2.2.3-1 illustrates a possible physical file structure for
*an existing message switch system that is to be replaced orW'

redesigned. In this example, all data elements are combined into --

cne data structure. figure 2.2.3-2 illustrates how a

24
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requirements analyst might represent such a file structure
logically during the requirements phase of a project to redesign
the message switch system.

In order to come up with the logical data structure in Figure
2.2.3-2, the requirements analyst would analyze the data flow
requirements for each access to existing file structures. Based
upon the analysis of the current file structure, new logical data
structures (consisting of only the data elements required for
each access) would be developed. Then these initial logical data
structures would be evaluated, refined, and modeled.

ROUTING INDICATOR TRUNK TYPE LINE NC. LINE STATUS

R 1(1) TT (1) LN(1) LS (1)
RI (1) TT(1) LN(2) LS(2)
eI(2) TT(2) LN(3) LS(3) -
RI (3) TT(1) IN (1) LS (1)
aT (3) TT (1) LN (2) LS (2)
RI(4) TT(3) LN(4) LS(4)
RI (4) TT(4) LN(5) LS(5)

RI(n) TT(n) LN (n) LS(n)

Figure 2.2.3-1 Possible Fhysical file structure for an
existing message switch system
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LINE

..... LJ-

" TRUN-TYPE
TRUNK

Explanation: Data structure components are represented by
boxes which are divided into two parts -

(1) leftmost Fart represents the logical component
and (2) rightmost part represents the key cf each
logical ccvrcnent.

Relationships (pointers) between data structures are
represented ky.directed arcs.

*Logical Components - Routing-Indicator (:=.qdTT-code)

- Trunk-Type (TT-code,LN-code)
- Line-Number (LN-code,Line-statusTT-code)

*Keys are Vn42iD for each logical component.

Figure 2.2.3-2 A logical data structures model of the physical

file structure illustrated by Figure 2.2.3-1.
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V 2.2.4

2.2.4.1 Description

The Ada Functional Requirements use Ida language constructs along
with entry names from the Data Cictionary to express structured
descriptions of the functions to be accomplished by processes
that appear on the lowest level diagrams of the Functional
Decomposition. The purpose fcr using Ada notation to express
requirements is to provide a standard medium for communication
that will provide a clear, concise, and non-ambiguous statement
of requirements.

2.2.4.2 Guidelines

a. Use the following permissible Ada constructs:

1) if-statement
2) case-statement
3) loop-statement
4) assignment-statement
5) code-statement
6) expression
7) relation
8) exit-statement
9) procedure calls for pre-defined procedures
10) raise-statement
11) exception-handler

b. Use Data Dictionary entry names with above Ada
constructs to express requirements.

C. When above constructs are insufficient to express
requirements, use a disciplined English statement
preceded by '-"

d. Do not use a declaration; all items should appear in the
Data Dictionary.

e. For explanative comments use a comment in an Ada format
(i.e., preceded by "-)

See Figure 1.3.2-1 for an example of Ada functional requirements.

27



2. 3. 1 g pjg0

Oftentimes the functional requirements of a system receive so
such attention that the non-functional requirements are

neglected. However, certain ncn-functional reguirements can
significantly impact the design of a system. Some of the types
of non-functional requirements tc be considered and stated in the
requirements document are (1) performance, (2) reliability, (3)
security, and (4) operating constraints. in excellent
description of non-functional requirements is found in the paper,
NSOFTV&UE RECUIRDEITS: A REPORT O THE STAT! OP THE ART".

2. 3. 2 ia4lnn
a. identify all the non-functional requirements of the

system that could impact design.

b. List each non-functional requirement identified in a
separate section of the requirements documents.

c. Use the article, "SCITVAE BEQUIREBDENTS: A REPORT ON THE
STATE OP THE ART" pp 22-30, Yeh, Zave, Conn, 6 Cole.
This article is Technical Report-949 and vas published
by the University of Maryland in Cctober 1980.

*1

* ,
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2.4 RA B iZLiJ.Z.Il

2.4-.1 pc j

When concurrency is required in the specification it should be
separated out and specifically stated in this portion of the
requirements document. Any related requirements that will assist
the designer in making decisions about how the concurrency would
best be implemented should also be included in this portion even
though they may also appear elsewhere. This may include such
information as how many items must be processed simultaneously,
or the rate at which items may enter or depart the system, or
minimum and maximum response time required of specific processes.
This data will greatly assist a designer when he is determining
the best mechanism to use for concurrency in this particular
case.

When the concurrent operations required in the system are non-
trivial, then a concurrency model is introduced. The tool
utilized to express it is a directed graph similar to the R-net
used with Software Requirements Engineering Methodology (SHEN).
This is composed of boxes to represent the processes or
functions, directed arcs which indicate flow, and circles with
special symbols at junctions.

52.4.2 Gu.dl.g

a. When feasible function names should correspond to names
used in the functional decomposition model.

b. only include processes cf interest to the concurrency
viewpoint in the concurrent model.

c. Segregate the concurrency model from the functional
decomposition model.

d. The special symbols tc be used in junction circles are
the following:

S- "and", these circles will have one input arc
and multiple output arcs; they represent
initiation cf concurrent execution flows.

I - "or", these circles will have one input arc
and multiple cutput arcs; they represent a
selection among non-concurrent flows.

+ - "reunion", these circles will have multiple
input arcs and one output arc; they will
represent the convergenr of differing

* execution flows and in t. :ase of concurrent
input flows indicate that- 1 flows must reach
this point before the resulting flow may
start.

29



letters - "exclusicn", these circles will occur in
pairs designated by a specific letter for each
pair; the first of the pair will have multiple
inputs and will signify that only one flow can
proceed through the following processes; the
second of the pair will have multiple cutputs
signifying that the appropriate flow can
proceed and that another flow may proceed
through the enclosed processes.

e. When there is nore than one area in which concurrency is
an issue use separate concurrency models to express
them.

f. If a concurrency model is tco complex then leveling
similar to that utilized in the functional decomp-sition
model may be used to structure the concurrency model
into understandable pieces.

.... ..... x -.. I -

A a

Figure 2.4.3-1 Concurrency model for a portion of a
message switch.
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2.51 ecjji

The Ada Requirements Document is primarily the compilation of the
outputs from each previous phase of the requirements phase. It
is the mechanism through which the requirements analyst's
understanding of the problem is to be conveyed to the designer.

2.5.2 GuidglinSa

a. Write a brief description of the problem (system) that
was studied during the requirements phase. Give reasons
why the present system (if there is one) needs to be
changed.

b. Organize the Ada Requirements Document according to the
outline below:

I. SYSTEM OVERVIEW

A. Brief Description of System Studied

B. Reasons for Study

II. FUNCTIONAL SPECIFICATIONS '

A. Environment Eata Flow Diagram (A-0)
B. Data Flow Diagram of All Major Functions of

the System (A-0)
C. Data Flow Diagrams and Ada Requirements

Specifications for Each Major Function of the
System

D. Data Dictionary
2. Logical Data Structures Model

III. MCN-FUNCTICNAL REGUIRIEINTS

IV. CONCURRENCY REQUIREMENTS - CHARTS =
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CHAPTER 3 -W

ADA DESIGN METHCDOLOGY (1DM)

3.1 Rl!Agj

lithin the system development life cycle, the design phase
produces a detailed approach to solving the problem characterized
by the requirements phase. The design phase itself consists of
three parts: architectural design, detailed design, and
compilation of the Ada Design Cocument. Given the Ada
Requirements Document, which is the output of the requirements
phase, as input, the architectural design step produces the
following items to be used as input to the detailed design phase:

a. a graphical representation of the system structure

(modified structure chart)

b. system flowchart -.

c. N2 chart

d. packages chart

e. data structure charts .:

f. Ada unit specifications.

Furthermore, the architectural design must be correct (every
requirement listed in the requirements document is satisfied),
and good (it should be maintainable, efficient, etc.). The
former criteria can be approachv , in part, by using a
traceability matrix that maps requirements into modules in the
architectural design. The standard metrics for goodness are
coupling and cohesion.

The steps to be followed during architectural design are
described in detail in subsequent sections. The order of the W
architectural design steps is:

a. Develop data structures for all the files, data bases,
and intermediate data repositories required by the
system

b. Perform an object-oriented design pre-analysis

c. Develop concurrency requirements for the system

d. Generate a structure chart

e. Validate the goodness of design by applying: an
analysis of coupling, an analysis of cohesion, and a
post-analysis of the packaging
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f. validate the correctness of design by ccnstructing a
traceability matrix to link each requirement with the
Ada design unit responsible for its implementation

g. Create an N2 chart based on the data flow interfaces
between the functions on the structure chart

h. Perform a preliminary design review and iterate any
combination of the steps above as required

i. Develop Ada unit specifications for each Ada design unit

of the structure chart

J. Perform hardware/software partitioning of the system.

Detail design produces an Ada representation of the architectural
design. Once the Ada representation of the system is completed,
the design is verified and traced back to the system requirements
(Ada Requirements Document). -*

The steps of detail design are described in subsequent sections.

The order of the detail design steps is:

a. Express the system design in Ada PDL

b. Perform a final design review which consists of the
following:

1. Design Walk-Thru
2. Preprogramming Ada Evaluation
3. Requirements-To-resign Traceability
4. Design Philosophy Review

Compilation of the Ada Design rocument is the third and final
part of design. This phase ccnsists of organizing all the design
cutputs into a formal document.

The sections that follow give guidance for applying the
architectural and detail design steps listed above. However, the
guidance provided is somewhat general, and before applying ArM,
the designer should read the description of ADM and
recommendations for personnel applying ADM in Chapter 1
(INTRODUCTICN TC AIM).
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3.2 &Z:. UZ h11 Y

3.2.*1

3.2.1,.1 Description

All data structures of the system will be described using the
Jackson structure diagrams. The graphical presentation of a data
structure diagram may very weil provide a basis for subsequent
packaging thus emphasis should be placed on the precise
documentation of data structures using the Jackson structure
diagram.

The Jackson method recognizes three composite types when
representing data structures:

a. Sequence structure

b. Selection structure -

C. Iteraticn structure

*and one elementary component (no further decomposition possible).

Elementary components will be at the leaf nodes of the structure
diagram and composite components will be at non-leaf nodes. .'V
Selection is represented by the small circle (o) in the upper
right corner o~f a box and iteraticn by an asterisk (*) in the
upper right corner. Consider Figure 3.2.1-1 which depicts a
stack having elements consisting of two parts - a type (1, 2, or
3) and an integer value:

As an extension to the Jackson approach we introduce the symbol
plus (4) to indicate one or more occurrences of a component.
Thus, in the prior example, if the semantics did not permit an
empty stack we would have used the plus sign (see Fiue .. 12

* instead of using an asterisk.

3.2.1.2 Guidelines

* Each logical data structure developed from the requirements phase
* should be re-examined and the appropriate Jackson structure

diagrams generated. (Normally one structure diagram for each of
4the significant logical data structures.) When appropriate (e.g.,,4

a class of similar data structures), several data structures may
be characterized in one diagram. Also, as additional data i
structures, files or databases are introduced in the design
phase, the designer should modify the logical data structures
model produced during the requirements phase and describe each

4 new structure with an appropriate Jackson structure diagram.

Jackson Figures 3.2.1-3, 3.2.1-4, and 3.2.1-5 illustrate the
application of this approach with a logical data structure from a
requirements document, a file description and a relational
database description respectively.
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Stack

0 0'

Elementary components: 1, 2, 3, VALUE
Sequence: TYPE followed by VALUE
Selection: 1 or 2 or 3 under TYPE .
Iteration: ELEMIT occurs 0 or more time under STACK

A

Figure 3.2.1-1 Examples of the Jackson symbolism.
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Occurs zero or umore Occurs one or more
times tmes

-.4

Figure 3.2.1-2 Extension to symbolism to incorporate an iteration
with at least one occurrence.
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Consider the following data structure (logical) representation
emanating from the ARM document:

ROUTING-INDICATOR - RI-CODE + TT-CODE
RI-CODE - <1.. 7>(ALPHABETIC CHARACTERS)
TT-CODE - [MESSAGE SWITCH I DIRECT T"MINa EQUnMT AUTODIR

-~~ RACKBONE AuTODIN NoN-BAcKBonE)il

ROUTING
INDICATOR

" '
MESSAWE TEMIA AUTODIN

SWTH EQUIPMENT BAKONE BACKBONE

0 0

A Z

F igure 3.2.1-3 Transformation from requirements logical structure
to Jackson structure diagram.

U 1
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Transaction
File

*zIe
Transaction

11=ue 3.2.1-4 Representation of a logical file.
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3.2.2.1 Description

Information hiding and abstract data types, toth supported by
Ada, are powerful design concepts used to achieve a high degree
of module independence and, hence, maintainability. Because cf0
the significance of this concept, this methodology employs two
phases to identify appropriate abstract types or infcruational
strength modules (packages). 'Ihe first phase is a pre-analysis
of the requirements and is object oriented. The seccnd phase is
a post-analysis of the functional decomposition and attempts to
identify informational strength modules. While the pre-analysis
does not drive the functional decomposition it certainly can
influence the decomposition apprcach and provide checks and
balances for the design decisions that are made (i.e., if a
functional decomposition is made that potentially violates the
object oriented packaging, that particular decision should be
reviewed and justified). In that sense, the object oriented pre-
analysis is used as a guideline or map for the post-analysis
steps that are applied to each iteration of the functional
decomposition. The pre-analysis follows the approach outlined by
Grady Booch.

4 3.2.2.2 Guidelines

As stated above, this step (pre-analysis) is object-oriented. In
object is an identifiable entity ot item within the system which

* possesses attributes (characteristics). Generally objects are
data structures (e.g. files, data bases, stacks, queues, etc.) or
hardware components (e~g. screens, keyboards, ports, etc.) around
which operations are performed. For example, a payroll master
file might be an object in a payroll system. Attributes
associated with a file include file name, size, and organization.

* operations around a file include open, close, read, write, and
update.

The steps of pre-analysis are provided below in the order that
they are to be performed.

a. Develop an informal strategy for abstracting the prcblem
solution environment.

b. Formalize the strategy.

1. Define the objects of the system using a Jackson-
like structure ucdel.

2. Define the attributes of the objects.
3. Define the operations on each object in the system.
4. In a bottom-up fashion collect common operations I1

* around objects in the system and form packages.
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c. Evaluate critical operations defined in the
requirements. For example, if a performance constraint
in requirements is critical, the designer might want to
prototype one or more of the key packages. A key
package is intended to mean a package in which critical
operations are encapsulated.

The identificaticn of potential packages early in design (during
the first step) provides flexibility for independent development
of major components (packages) of the system. Of course, this is
a deviation from top-down development.

3.2.2.3 Example

Consider the problem of developing a page editor for a small,
personal computer. The system has a diskette used to hold the
file to be edited; a monitor for displaying a page of the file tc
be edited; a keyboard for inputting characters, single character
commands, and character strings for updating the file page; and,
of course, the processor. A formal requirements document would
enumerate the different editing operations and real-time
constraints for the proposed system.

The steps of object-oriented design as applied to these
requirements are depicted in Figures 3.2.2-1, 3.2.2-2, 3.2.2-3,
and 3.2.2-..

IV
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Text Screen 1Keyboard ]
Lie*j LineChrce
Set Set

[ Line

Figure 3.2.2-1 Define objects of system using
Jackson symbo logy.
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Location. Tezt Size.... S eLocation.. Keyboard
Vd....... Speed... S Id ....... KL I-I I L .* Z Z Transfer6

rate.... -1
Size ..... Line Cursor... Line Type.. . C a

Set Color .... Set Value... .

Position..
# char...] Ine

-4

Position.. Character

Figure 3.2.2-2 Define Attributes of the Objects.
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3-2.3 ~~jg

3.2.3.1 Description

Concurrency is reflected in tvc ways in the architectural design
phase:

a. In the structure chart

b. In the concurrency chart.

The structure chart describes tht decomposition or structure of
the system including the various types of tasks and interprocess
communication. Parallelograms indicate tasks and solid/dashed
lines indicate communication with tasks. The concurrency chart
shows flow of control and synchronization constraints. The
latter chart should be developed as the next step after the pre-
analysis object-oriented design.

This final document uses the same symbology developed in the
requirements phase and should be used to expand the concurrency
chart by adding concurrency developed in the design phase with
that developed in the requirements phase. Concurrency in the
design phase may be introduced to enhance program understanding,
simplify the design, or respond to certain requirement
constraints. In the requirements phase, concurrency was
introduced only when it modeled the problem environment (i.e.,
only when it was itself a constraint of the system).

3.2.3.2 Guidelines

The sequence in which the data describing concurrency is
generated is important and should be as follows:

a. Determine concurrency that may be added to that already
described in the requirements phase. This "design" ...
concurrency is introduced in the following
circumstances:

1. When the design will be clearer by its introduction
2. When it is essential to meeting a performance

requirement of the system.

b. Augment the concurrency charts developed in the
requirements phase as necessary to introduce the
"design" concurrency.

c. From the new concurrency charts, tasks will be
identified that will subsequently appear as
parallelograms in the system structure chart. 0

tJ

d. Determine task activation requirements to be shown by
dashed lines in the system structure chart.

I4]
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Guidelines for development of the structure chart are given in
Section 3.2.4.

Refer to the requirements section for an example of the
construction of a concurrency chart.

4I
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-w 3.2.4

3.2.4.1 Description

A structure chart illustrates the functional hierarchy and
interfaces (flow of data) between the functions of the system.
It is initially developed from the CPDs produced during the
requirements phase and iteratively modified until the optimum
system structure is achieved. The purpose of the structure chart
is to be used as a tool for developing a solution to the problem
studied during the requirements Phase.

*Once the first-cut structure chart is completed, the structure
chart serves as a worksheet for iteratively studying and

* modifying the system structure. The goal is to modify the first-
cut structure chart until optimum coupling, cohesion, packaging,
and information hiding is achieved.

In addition to the traditional modules that are represented on -

the hierarchy chart by rectangular boxes, it is recommended that
tasks (parallel execution processes) be represented by
parallelograms. These parallelograms are to be incorporated in
the hierarchy or structure charts parallel to the invoking

* module. Using this notation we can easily represent the tasks
that may be executed in parallel. !

3.2.14.2 Guidelines

A variety of tools have been used to produce a hierarchical
structure of the computing system including functional
decomposition, information hiding, Jackson methodology and
structured design methodology among others. These approaches
have been successfully documented on a variety of problem types.

* Each approach or method has individual advantages and
disadvantages. ADMI's approach is that of a toolbag, that is,
utilize the approach that appears most useful for the problem at

* hand. However, rather than just reach into the toolbag, the
designer should first attempt a decomposition based on the
Yourdan/Constantine apprcach cf structured design that is driven

* by a data flow diagram. This will permit the utilization of
objects resulting from the requirements phase and provide a
continuous approach across life cycle phases. Thus, the
guidelines below will direct the major attention to the
structured design approach with emphasis directed to the other
approaches in a secondary manner.

There are two major strategies for deriving a structure chart
during design: (1) transform analysis and (2) transaction
analysis. The steps for implementing each of these strategies is
provided below:

a. Transform Analysis steps

1. Step 1 - Develop an expanded data flow diagram
(DPD) from all the lowest level diagrams produced
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during the requirem ents phase. Simply connect all
the primitive functions together to form an entire
model of the system to be developed.

2. Step 2 - Identify the afferent, efferent, and
central transform branches of the system.
Determine the afferent and efferent branches of the
system first. The remainder of the system is
considered as the central transform.

The afferent branch is determined by identifying
the afferent data elements. Afferent data elements
are those data flows that are the last
representations of input in a MlE. They are the
data elements that are last in the input stream(s)
of the DFD. An afferent data element is the output
of the last transformation on input.

The efferent branch is determined by identifying i
the data flow that represents the first phase of
output. The efferent data elements are those
elements at the beginning of each output stream of
the DFD.

Draw arcs between the afferent data elements and
the transforms into which they flow. Also, draw an
arc between each efferent data element and the
transform that cutFuts it.

An example of a MI that has teen divided into
afferent, efferent, and central transform branches
is provided by figure 3.2.4-2.

Step 3 - Do first level factoring. This involves
identifying the sutproblems of the system and
forming the first two levels of the structure
chart. Some subproblems are directly related to
the afferent and efferent data elements and the W
afferent and efferent streams within the DEL.
other subproblems come from the central transform
branch of the system. A possible first-cut
factoring for the diagram in Figure 3.2.4-2 is
illustrated by Figure 3.2.4-3.

4 Step L4 - Factor the afferent, efferent, and central
transform branches established in Step 3.
Progressively deccmpose each subproblem until you
have decomposed it to its most primitive level.
Figures 3.2.4-4, 3.2.4-5, and 3.2.4-6 illustrate
factoring of the afferent, efferent, and central
transform branches of the system subproblens
illustrated in Figure 3.2.4-3.
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1. Restate problem Dt lwgah2 dniyafrn
as data flow graph Dtflwgahand afferent elements

Afferent data elements Central Transform Efferent data elements

3.* Factor aff erent, 4.ora Rtrfcnements and -
sit orent and Pormsucrealterations
transform branches

Figure 3.2.4-1 Data flow design approach.
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Figure 3.2.4-3 First-Cut Factoring.

52



IZADCOmT GZriOUMT& 71

16 •

Figure 3.2.4-4 Factoring of an Afferent Branch.
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Figure 3.2.4-5 Factoring of an Efferent Branch.
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Figure 3.2.4-9 Model Structure Chart for Transaction-Centered System.
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Step 5 -Identify and explain all departures from normal
transform analysis that may be required because of
the nature of the problem.

b. Transaction Analysis steps

Step 1 - Identify the sources of transactions in the -
DFD. Look for routing and/or distributed functions
in the DFD. Figure 3.2.14-8 illustrates a DFD
transaction center.

Step 2 - Specify the appropriate transaction-centered
organization. Figure 3.2.14-9 is an example of how -
a transaction center might be organized.

Step 3 - Identify the transactions and their defining
actions. The actions associated with transactions
originating from the environment may be adequately
defined in the Ada Requirements Document. However, f
the designer must define the actions associated
with internally generated transactions not
addressed in the Ada Requirements Document.

Step 4 - Nlote potential situations in which modules can
be combined. -

Step 5 - For each transaction, or cohesive collection of
transactions, specify a transaction module to
completely process it. Avoid excessive groupings
of transactions into one transaction processor.

Step 6 - For each action in a transaction, specify an
action module subordinate to the appropriate
transaction module(s).

Step 7 - For each detailed step in an action module,
specify an appropriate detail module subordinate to
any action module that needs it.0

Both transform analysis and trtysaction analysis are described in
much greater detail in the Structured Design book authored by

* Tourdon and Constantine. Transfcrm analysis is described in
chapter 10, and transactiot analysis is described in chapter 11.

* Examples of both strategies are provided in these chapters.

* According to Yourdon and Constantine, transform analysis is
preferred over transaction analysis. However, they do recognize
that some systems are very much transaction-driven and suggest

* judicious application of transaction analysis. Perhaps a
combination strategy which utilizes transform analysis as the

* primary driving force and utilizes transaction analysis as
appropriate in the subproblems cf the system is the optimum
approach.
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Guidelines for denoting concurrency on the system structure chart
are as follows:

a. Tasks are represented by parallelograms (see Figure
3.2.4-10).

b. A dashed line is used fcr a directed arc from the
activating module to the task. Whether the activation
is intended to occur automatically or by an allocator
should be noted in the documentation of the activating
module.

c. A dashed line is used fcr a directed arc from a --
dependent task to the owning module. A notation should
appear in the documentation of the activating module and
in the owning module (they may often be the same module)
as to the dependency of each task.

d. A solid line is used to connect modules and tasks to
show synchronization and data transfer.

Figures 3.2.4-11, 3.2.4-12 and 3.2.4-13 illustrate a hierarchical
program structured developed by utilizing the Jackson approach.
Figure 3.2.4-14 shows the structure chart developed from a
functional decomposition. Note that utilization of the Parnas
approach or some new approach that may soon surface may give rise
to a different hierarchical structure chart.

I' I
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3.2.5 odes Crtr

3.2.5.1 Description

Intuitively, given two system designs that are both correct, cue
design may be better than the other because it is more easilyC maintained, it uses fewer resources, etc. In stating that one
design is better than another, qualitative evidence may be
presented. A set of metrics will be used as "goodness" criteria.

* The goodness criteria is important not only for evaluating
designs; it can also be used to drive good design. Clearly, if a
design analyst knows the criteria against which his/her product

* will be judged, he/she can make better design decisions
initially.

Undoubtedly, there is not a universal set of design criteria that
is equally applicable to all system designs. In fact, certain
good design practices are often mutually exclusive and have to be
traded off. While management should make the ultimate decisions
regarding the goodness criteria, recent evidence evaluating the
software life-cycle suggests that maintainability should be the
las design objective to be sacrificed (except when real-time
res;ponse constraints must be met).* This philosophy is certainly
consistent for the DoD in their embedded systems work.
Consequently, a miUningg set of metrics will be proposed to

*support the criteria for imprcved maintainability, but the set
should in no way be considered ccmplete in light of differing

* management objectives.

Two structured design metrics will be used to evaluate and drive
* each design step in an iterative cycle. The measures are

cohesion and coupling Vi ourdon and Constantine). The basic
* philosophy behind these measures is that a higher degree of

maintainability is achieved as the modules that comprise the
software design become more independent. Independence is
measured by how well the eleients comprising a module are related
(cohesion) and to what degree the various modules comprising the
system are interrelated (coupling). Typically, better
independence is achieved when cohesion is maximized, and coupling
is minimized. Descriptions of ccupling and cohesion are provided
below.

a. Cohesion - As stated above, cohesion is a qualitative
measurement of the relationship among the elements

6 within a single module. Using Myers terminology
cohesion is stated in terms of module strength, with the
strongest (most cohesive) module being of informaticnal
or functional strength, and weakest module (least
cohesive) being of coincidental strength. The seven
categories of cohesion, from highest to lowest strength,

6 are:

7. Informational strength
6. Functional strength
5. Communicational strength
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4. Procedural strength

3. Classical strength
2. Logical strength
1. Coincidental strength

The scale above is based on a study by Constantine in
which he evaluated modules in specified classes with
respect to program maintainability, extensibility,
independence, error-prcneness, and module reuseability.
Consequently, the scale indicates a relationship among
modules, inferring for example that procedural strength
modules are "better" than classical strength modules.
Note, however, that this scale is a guideline and --
peculiar aspects of a problem may dictate that a lower
strength module is appropriate (the designer should,
however, be able to defend a decision to use something
other than an informational or functional strength
module).

Presented below is a definition and example of module
strength for each element on the scale. A more
elaborate discussion is presented in Myers.

1. Coincidental-strength module: is a module whose
function cannot be described (other than by the
logic that comprises the module) cr one that
performs multiple, completely unrelated functions.

2. Logical-strength module: is one that performs a
set of related functions, one of which is
explicitly selected by the calling module (note: a
logical strength module has a single interface for
multiple functions).

3. Classical-strength module: is one that performs
multiFle sequential functions where there is a
weak, but nonzero, relationship among all of the
functions. Common examples are "initializaticn"
and "termination" procedures.

4. Procedural-strength module: is a module that
performs multiple sequential functions, where the
sequential relationship among all the functions is
implied by the problem or application statement.
An example of a procedural-strength module would be
one that, in respcnse to an invalid transaction,
would skip to the next transaction, checkpoint the
master file, and display an error message on the
operator console.

5. Communicational-strength module: is one that
performs multiple sequential functions, where the
sequential relationship among all the functions is
implied by the problem or application statement and
where there is a data relationship among all of the
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1 functions. For example a module that, in respcnse
to an invalid transaction, "prints the transaction
and copies it to the audit file" exhibits
communicational strength.

6. Functional-strength module: is a module that
performs a single, specific function.

7. informational-strength module: is a grouping or
package of functional strength modules for the
purpose of information hiding.

b. coupling - Coupling is a measure of strength of
interconnection (i.e., communication bandwidth) between
modules. Coupling is a measure that is both qualitative
and quantitative. The number of parameters passed to a
module is a quantitative measure of coupling. The type
of interfaces between modules is a qualitative measureI'of coupling. Also, when coupling is minimized, implyingAm
the weakest strength interconnection model, the greatest
module independence is achieved. The seven categories
of module coupling from lowest (best) to highest (worst)
strength are:

1 . No direct coupling
2. Data coupling
3. Stamp coupling
4. Control coupling
5. External coupling
6. Common coupling
7. Content coupling

Again, the original classifications and ordering of
coupling were based on a study by Constantine in which
he evaluated modules in specified classes with respect
to program maintainability, extensibility, independence,
error-proneness, and module reuseatility. M~yer's
coupling scale above is very similar to Constantine's
original classifications and ordering of coupling. As
was the case with the cchesion (module strength) scale,
the coupling scale implies an order of desireability
among the types of coupling and the design engineer
should be prepared to justify his/her decision should
something less than data coupled modules be designed.S

Presented below is a definition and example of module
coupling for each element on the scale. A more
elaborate discussion is presented in Myers.

1. Content-coupling: two modules are content coupled
if one directly references the insides of the other
or if the normal linkage conventions between the
modules are bypassed. For example, twc assembly-
language modules A and B are content coupled if A
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references a word at some numerical offset from the
beginning of B.

2. common-coupling: occurs between a group of modules
that reference a global data structure. The
FORTRAN CORflON area exemplifies common coupling. 4

3. External-coupling: a group of modules are external
coupled if they are not content or common coupled
and if they reference a homogeneous global data
item. External coupling occurs in FORTRAN with the
use of labeled common areas.

4. Cntro-coulin: tw modles re ontrl cople
if they are not content, common, or external

coupled and if one module explicitly ccntrols the
logic of the other, that is, one module passes an
explicit element of control to the other module.
Examples of "elements of control" are function
codes transmitted to logical-strength modules, -

control-switch arguments, and module-name
arguments.

5. stamp-coupling: two modules are stamp coupled if
they are not content, common, external, or control

U coupled and if they reference the same nonglobal
data structure. Stamp coupling is similar to
common coupling except the shared data structure is
not global.

6. Data-coupling: two modules are data coupled if (1)
they are not content, common, external, control, or
stamp coupled, (2) if the modules directly
communicate with one another (one directly calls
the other), and (3) if all interface data between
the modules are homogeneous data items.

7. No-direct-coupling: as the name suggests this is a 41
module that does not have any interuodule
relationships.

* 3.2.5.2 Guidelines

Once a structured design decomposition has been completed three
steps should be taken to review the design before proceeding.
These steps involve the application of the coupling and cohesion
metrics to improve the design and to verify its quality
("goodness") . The steps are: post analysis of packaging, static
design review, and dynamic design review (Mlyers).

*a. Post Analysis of PackagingV1

With the object-oriented development available from the
first part of the design effort, one analyzes the
hierarchy chart to identify those objects that can be

IS
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-~ collected intc packages. This reconciliation phase will
result in the identification of objects utilizing a
special notation, patterned after Booch, that will be
folded back into the original structure or hierarchy
chart.

Post analysis of object oriented design implies
reviewing the design tc ensure that module independence
in the program has been maximized. The most important
vehicle for doing this is the informational strength
nodule or Ada package. The design should be reviewed
looking for implicit or explicit a-ssumptions and
dependencies among modules, complex design decisions
that can be isolated, cr operations on common data that
could be abstracted. These and other guidelines can be
guided by the pre-packaging analysis described above.
When these dependencies or complexities exist, or when
suggested by the pre-packaging analysis, informational
strength modules (Ada packages) should be constructed to -
eliminate dependencies and enhance the design. Parnas
suggests the following guidelines in identifying data or
functions to be collected:

1. Each module should hide some design decision from
the rest of the system.

2. A. data structure, its internal linkings, accessing
procedures, and modifying procedures should
comprise a single module.

*3. The format of control blocks (data structures) must
be hidden.

4. Character codes, alphabetic orderings, and similar
data should be hidden.

5. The sequence in which certain items will be
processed should (as far as practical) be hidden
within a module.

6. Preferred reason fcr packaging is to hide some
aspect of the implementation within the package-
body; this may be data structures, data types,
common subprograms, or common packages.

7. A good reason for packaging is in support of
abstract data types in which the type must be made
visible in the package-declaration but its physical
structure may be hidden in the private porticn.

*8. Another less compelling but valid reason for
packaging is to gather together objects which are
referenced by the same set of other modules, toi
reduce the number of library units.

69

U1 ;



4 Data or functions which are collected are graphically
depicted as shown in figure 3.2.5-1. Windows represent entry
points into the objects realized by the graphical notation.
The graphical object is given a name and the entry points are
also appropriately named. This description of the objects
can then be realized in the hierarchy chart as shown in
Figure 3.2.5-2. Note, that the interconnectivity is still
intact from the original chart or if data flow is represented
on the arcs, this flow is still intact.

b. Static Design Review

Static design review is simply an inspection of the0
completed design with respect to a set of criteria and
questions. The analysis is best carried out by an
independent reviewer with the intent of uncovering
design weaknesses, not tc make immediate improvements.
The correction of uncovered weaknesses is best delayed
until after the review is ccmplete so that hasty or ill-
conceived changes age not incorporated into the design.

Mlyers presents the follcwing set of questions as being
reasonable for a static review:

1. Does each module have functional or informational
strength? If any dc not, then why not?

2. Is e.. ch pair of modules either data coupled or not
directly coupled? If any are not, why not?

3. Is the decomposition complete? That is, can the
logic of each module be easily visualized?

L4. When a module or entry point has a fan-in greater
than 2 (i.e., multiple immediate-superordinate
modules) , are the interface definitions to the
module consistent? That is, does each interface to
the module have the same number of input arguments
and the same number of output arguments? Does each
corresponding argument in each interface have the
same attributes?

5. Is there any unnecessary redundancy in any
interface?

6. Is the interface data to each module consistent
with the definition of the module's function?

7. Are there multiple modules in the system that
appear to have the same funt ion?

8. Is each module described by its function rather
than by its context or logic? Has each functicn
been stated accurately?
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Figure 3.2.5-1 Niotation for packaging with windows representing
package operations.
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Figure 3.2.5-3 Collection of packages and notational aspects.
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Figure 3.2.5-4 Incorporation of packaging into structure chart.
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9. Are there any pre-existing modules that could have
been used in this system?

10. ire there any restrictive modules (i.e., modules
that are unnecessarily overspecialized)?

11. Are all modules predictable (i.e., do the same
inputs produce the same outputs for each
invocation)?

12. Is the design realizable by the Ada programming
language?

13. Is the hierarchical structure too extreme (e.g.,
overly "short and fat" or "tall and lean") ? Note,
such extreme structures do not necessarily imply
problems, but they should be explored because they
could indicate that the decomposition used was
incorrect.

14. Is the design correct (i.e., are all items
specified in the requirements document readily
identified in the system design)?

15. Have rules of parsimony been followed? That is,
does the system do only that stated in the
requirements document?

16. Is the design obscure? Does it contain anything
that might easily be misunderstood?

17. Have any unstated assumptions been made?

C. Dynamic Design Review

This is a mental "walk-through"t of the program. It
begins by developing a set of tests and then tracing the
state of the system as it would change in response to
the steps of the test. Since some logic might not exist
at the time of the dynamic review, the functionality of
"stub" modules can be assumed to te correct. The
purpose of the review is to find design flaws such as:
missing or incomplete functions; erroneous interfaces; *

incorrect results; etc.

See Figures 3.2.5-3 and 3.2.5-4 for examples of the application
of some aspects of the above discussion pertaining to the
reconciliation. Clearly, the application of coupling and
cohesion is subjective at best but by utilizing the above
considerations one should determine a coupling and cohesion level
for each module and module relationship.
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3.2.6 S~.[ s-t :Deignraea ilt

3.2.6.1 Description

Traceability of requirements to design is a link in the chain of
traceability from user specifications to actual implementation
program units. The purpose of requirements-to-design
traceability during development is two-fold. First, the tracing
of requirements to design facilitates the evaluation of changes
to the requirements during development of the system. Secondly,
it provides some form of verification that the design does
satisfy the requirements.

The traceability step occurs at two points in the design process.
First, traceability is applied immediately after evaluating the
Goodness of design (3.2.5). If it is determined at this point
that the design does satisfy the requirements, the designer
should proceed with step 3.2.1 (Data Structures).

- w

The second time traceability is applied is during detail design
at step 3.3.2 (Final Design Review). Of course, if any
requirements cannot be traced to design at this point, the design
must be corrected before completing the final design review and
proceeding to the implementation phase.

3.2.6.2 Guidelines

Guidelines a through f are to be performed as tasks in the order
specified. Whereas guidelines g and h are only suggestions.

a. Develop a matrix to map Ada Requirements Document
components into Ada Design Document components.

b. Develop a set of Ada Requirements Document components to
be mapped into Ada Design Document components. A
possible set of Ada Requirements Document components is
provided below:

DIAGRAM BOX NUMEER
NCN-FUNCTICNAL RECUIREMENT
CONCURRENCY REQUIREMENT

It will be necessary to use some kind of identification
mechanism to abbreviate actual non-functional and
concurrency requirements on the traceability matrix.

c. Develop a set of Ada Design Document components to be
used in the mapping process from requirements to design.
A possible set of Ada Design Document components is
provided below:

SUBPROGRAM NAME
PACKAGE NAME
PACKAGE NAME.SUBPRCGRAM NAME
PACKAGE NAME.TASK NAME

76

I4



d. Map each Ada Requirements Document compcnent to an Ada
Design Document compcnent.

e. Do a reverse mapping frcm design to requirements after
the initial mapping cf requirements to design.

f. Use the results of the forward and tackward mapping cf
requirements and design to verify that the design does
satisfy the requirements.

g. Try to map each Ada Requirements Document component into
as small an Ada Design £ocument component as possible.

h. Arrange the Ada Requirements Document components in
categorical order on the traceability matrix. For
example, map all the low-level functional blocks
associated with each major function first (in major
function order) and then map the non-functional and
concurrency requirements in that order.

Table 3.2.6-1 is an example of a traceability matrix that
illustrates the mapping of requirements to design.

U
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3.2.7 0g_ i; x ± X i

3.2.7.1 Description

Module interconnectivity is described via an N2 chart. The N2
chart is constructed by utilizing a matrix as described in "The
N Chart", by R. J. Lano. It is a square matrix, with all
functions on the diagonal, all cutputs of a function are
horizontal (left or right), all inputs are vertical (up or down),
thus all non-diagonal (non-functicn) positions define one-way
interfaces between the respective functions.

N2 charts and interconnectivity charts are used to document the 0
interfaces of the final architectural design. The structure
chart is the mechanism that is used during multiple iterations of
architectural design to evaluate and change the structure of the
system.

3.2.7.2 Guidelines -

a. Using the final structure chart of architectural design
and beginning with the number 1, sequentially number all
modules on the chart until all modules have been
assigned a unique number.

b. Construct an N-squared chart, i.e., represent the -w
modules along the diagonal in numerical order.

c. On the N-squared chart indicate which interfaces exist.

d. Adopt a numbering scheme for interfaces; possibilities
include assigning unique sequential numbers left-to-
right, top-to-bottom, Cr using matrix position
outputting function number-dash-inputtiDg function
number.
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Figure 3.2.7-1 Exmple Sequence of Processes
with Direct Data Links.
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Figure 3.2.7-2 Eaple Sequence of Processes with
Main Module Controlling all Data.
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Figure 3.2.7-4 Example Processes Using a Coumon Subprocess.
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Figure 3.2.7-m5 Example Multilevel Subprocesses.
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3.2.8 ium g-.Bg

The preliminary design review is an intermediate point in the 0
design process where the designer stops and reviews the overall
functional design developed to date. Any discrepancies noted at
this point should be corrected through iterations of the
appropriate design steps previously stated (3.2.1 - 3.2.7).

-8

0 S

V 3

85
S



3.2.9 Ada Unit S.ecjfications

3.2.9.1 Description

System architectural design as so far described, expressed and
documented as structure charts, interconnectivity charts, N2

charts, and package charts, can now be expressed using Ada
constructs and program organization. Since AIM provides system
design specification and develcpment in terms of units and
constructs compatible with Ada language design philosophy, system
expression in Ada should be iscmcrphic to architectural design.
The structure created during architectural design can be
implemented with the Ada compilation units. The uppermost -
control module must be a subprogram as the Ada Reference Manual
in Chapter 10 states only "a subprogram can be a main program".
The remainder of the modules determined during architectural
design may be represented by declarations in the packages
selected during architectural design, or by subprogram
declarations, or by body stubs in the parent modules if the
implementations selected are subunits.

3.2.9.2 Guidelines

The guidelines for formulating Ada specifications from
architectural design are listed below:

a. The main prigram or uppermost control module must be
formulated as an Ada subprogram.

b. When formulating package declarations only include
objects which must he visible to external modules.

c. When type declarations appear in package declarations,
use the private portion of the package to protect the
structure of the type from direct manipulation by
external modules when Ecssible.

d. Hide as many intirnal objects of packages within their
respective bodies as pcssible so that they are hidden
from external modules and do not influence the
compilation of the package declaration.

e. A subprogram or package which is only referenced by cne
module may be nested within that one module and
implemented as a subunit, or it may be declared as a
library unit; as a subunit it would inherit the context
of its parent, and as a library unit it would he
accessible frcm other units through their context
specifications.

f. Activation of a task, which can be controlled by point
of declaration or by point of creation by an allocit
should be carefully selected.

86

... I



-Ai23 385 LARGE SCALE SOFTWARE SYSTEM DESIGN OF THE AN/TYC-39- 2/2
STORE AND FORWARD MES..(U) GENERAL DYNAMICS FORT WORTH
TX DATA SYSTEMS DIY 09 NOV 02 DRRKSO-8i-C-8i88

UNCLASSIFEDG 9/2 N

nmhhmmmsmhhh
MhEEEhEhhI*EEIFN1



EM L. J 2.2

AL

11110 11.8

11.

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A

:30



g. As detailed in Sectien 9.4 of the Ada Reference Manual a
block or body with dependent tasks is act left until all
dependent tasks have terminated; therefore, care must be
exercised in assigning thesi dependencies which are
controlled by the placement of task object declarations
and access type declarations.

The following shall be the general format of the Ada program unit
specifications:

a. Context declarations, as necessary

b. Unit specifications, including parameter lists

c. Prologue (as comments): Author, date, revision level;
functional description and requirements traceability

d. Variable and aggregate type, range, and enumeration
declarations

e. Subunit declarations, including parameter lists

f. Entry declarations for tasks

In addition, the following bcdy declarations can be made as
required:

a. Stubs for hidden procedures and functions

b. Definitions for hidden data.

3.2.9.3 jR J-g

Example:

with MESSAGE

package MAILBOX is 0

J-- . K. Vriter
-- 10 DEC 1981 REV A
-- Ref. 1231, A232

type LINE-ID is private;

procedure GET-LINE (RI: in HISSIGE.ROUTE;
ID: out LINE-ID);

procedure RECEIVE (ID: in LINE-ID;
*SG: out BESSAGE.BUFPER);

procedure SEND (ID: in LINE-ID; w
BSG: in HESSAGE.BUIJER);

private

type LINE-It is new INTEGER;

end MAILBOX;
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3.2.10 _

3.2.10.1 Description

3.2.10.1.1 _j. gal 2 . AIR is intended to be applied to the
design of complex embedded systems, typically consisting of
fixed, pre-defined hardware components and functionally
integrated by programs operating cn one or more digital
processors. At some point in the process of system definition,
system functions will be distributed among hardware and software
components. There is some degree of variatility with respect to
when in the system definition process such allocation takes
place. One reason for this is that performance evaluation
standards are still evolving: a rigorous performance evaluation
methodology will enable designers to rationally distribute
hardware and software functions based on performance, cost,
resource, and procurement constraints. Project management
generally desires hardware allocation to be made as early as
possible so that procurements can be initiated in a timely
manner.

3.*2. 10.*1.*2
This section addresses the design status that shculd exist at the
time of allocation of system functions to hardware and software.
Hardware/software partitioning (HSP) is the last task of
architectural design prior to detail design. This ccncept of HSP
is compatible with general &Is design philosophy. The object-
oriented architectural design allows early identification of
performance-critical attributes. The AIR methodclogy provides
for software prototyping of critical performance functions prior
to any detail design.

The following is a list of inputs, or design states, to HSP
activity:

a. Major functional partitioning of the system - structure
chart of major functicnal modules and NU charts showing
module interfaces.

b. High-level concurrency model showing task structure.

c. Performance requirements including:

1. Volume of data transmission (internally and to 0
external hardware)

2. Processing constraints in terms of data
transformations within system-defined event
intervals

3. Identification of time-critical functions

4. 1/0 requirements including resource requirements,
access frequency, media requirements
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5. identification cf likely modifiable functions
(including adaptability requirements given by
system spec)

6. Identification of hardware control functions
(including display and operator communication) for
possible assignment to interface hardware

7. Software allocation - those functions definitely
assigned to software, including major utility and
library functions

8. Determination of redundancy and diagnostic
requirements.

d. Data structures.

1. Model of logical data structures (developed during.
requirements and step 2 of architectural design).

2. Jackson data structures.

3.2.10.2 Guidelines

3.2.10.2.1 ZIgQ9§. Factcrs that influence the allocation
of system functions to hardware and software are considerations
of flexibility, efficiency, ccst, resources, level of effort,
etc. More specifically, design questions pertain to the
following areas:

a. ferEg_._nc ;Sj g§ As a result of
requirements analysis, the implications for performance
evaluation cf processing requirements will be specified.
Processing requirements include internal storage
capacity, data transmission capacity (in terms of rate
and volume), file capacity, general features of file
organization and associated access methods, display

*.requirements, operator interface response time, and
concurrency required by system definition. System
design reflects solutions to the problems imposed by
these constraints; distribution of hardware and software
functions is an expression of these solutions.

b. ftjj Ijj - The analysis of a complex embedded
system with an extended life cycle must consider
questions such as the following: What system functions
are most specialized, less general? What design
features will be most sensitive to requirements
specification changes? Which functions are
generalizable from current design to a broader set of
applications in the same class? (More specifically,
for this contract: Tc what extent have general
characteristics of C3 systems been taken into account?)
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The implication of such questions for-hardware/software
partitioning is that the more generalized a system
function is, or the more likely to require modification,
the sore likely it is to be assigned to software, other
things being equal.

c• j j .. The application environment of the
AI/TYC-39 message switch consists of various types of
external hardware to which the system must interface.
The system must be adaptable to changes in system
configuration. The definition of system status includes
both the maintenance of information necessary for
recovery/restart and for the definition of system
configuration. HSP decisions must take account of the
associated factors of reliability, security, and
reconfigurability.

3 . 2 . 10 2.2 The
purpose of this section is to informally classify the broad types
of hardware functions in a total system.

a. n _4_js _es This is external
hardware to which the embedded computer system must
interface. Characteristics of the external hardware are
reflected in the processing system specs. Design
options here involve the specification of mechanisms at
intermediate interface levels, between the fixed
hardware and the processing system.

b . - The architecture of the embedded
computer system (the organization or configuration of
its hardware components) is a design feature specified
as (1) a solution to performance constraints and (2) a
reflection of "good" design criteria. Part of the
specification expresses the choice between uni- and
multi-processor architecture. Multiprocessor
configuration can be a solution to timing constraints
and concurrency requirements, and can physically embody
high-level design of tasking architecture. -,

c. system functional
organization identifies groups of functions which can be
allocated to either hardware or software. Choice of
allocation, as indicated above, would ideally be made on
the basis of a methodical performance analysis. In the
absence of a well-defined methodology, hardware/software
allocation must be based on available information on
performance requirements and constraints, level of
effort, and system adaptability factors (reconfiguration
requirements). Availability of off-the-shelf components
for given system functions will influence allocation
decisions.
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3.2.10.2.3 - This section addresses the
specific tasks involved in the hardware/software partitionins:
activity.

a. A major task is the allocation of software functions to
control processing hardware. Choice of uni- and multi-
processor architecture will determine features of detail
design, as well as the nature of supervisory functions
of system software.

b. Input/output control and processing functions must be
assigned to device drivers.

c. Memory access modes satisfying data access performance
requirements must be determined. Decisions regarding
data transmission and data base access hardware must be
made and the corresponding software performance
requirement stated.

d. Redundancy and diagnostics provisions must be allocated.

e. System representation shall include graphical or
schematic display of the following:

1. Physical arrangement or configuration of internal -
hardware ccponents, including processing units,
program storage units, data base storage units,
data and signal transmission and control units,
data and signal paths, I/O control units, display
units, and operator devices.

2. k system structure chart as described in 3.2.4,.
with an indication of functional assignment to
hardware, as by drawing a double line around
modules or groups of modules.
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3.3.1Z :.ZZ~iAi~

3.3.1.1 Description

Detail design is an iterative activity which begins with a
representation of system architecture. It ends when the designer
is satisfied that enough information has been provided to
implementation and coding personnel to assure that system
functional and performance requirements will be met.

The AIR methodology provides that Ada will be used to document
the 4evelopment of detail design; that is, Ada will be used as a
Program (or Process) Design Language (PDL). Inputs to the detail
design activity include the follcving:

a. All graphical representations of system design.

b. 14a unit specifications (declarations) and descriptive
commentary, and body stubs, from 3.2.9.

c. System requirements from the A-spec equivalent, via the
traceability documentation of 3.2.7.

d. Hardware interface specs from 3.2.10.

3.3.1.2 Guidelines

3.3.1.2.1 D ZS9!D _ . Detail design decisions
shall be recorded as elaboraticns of and additions to the
architectural design expressed as Ada program units (as described
in 3.2.9). Ada constructs shall be used to express design
features through successive stages of refinement, in terms of
module and system interface specs, variable and aggregate type,
range, or enumeration specification, selection &nd decision
logic, data definition, and algorithm functional specification. S

3.3.1.2.2 Xg.- The general form of an Ada/PDL unit shall
be as follows:

a. program unit specification;

b. prologue (author, date, functional description, revision
level); NOTE: if the unit is a body that has a
corresponding unit specification produced as described
in 3.2.9, the revision level of that unit spec shall be
prefixed to the revision level of the body;

c. unit design in terms cf Ada constructs.

Any feature or construct of the Ada language may be used.
Program constructs shall be balanced but otherwise are not
required to be compilable." Logical commentary may be used freely

.- P
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:I to describe program unit function or subfunction within a unit..-, -"Action" commentary (preceded by --- >") may be used to indicate -'
. incomplete specification at intermediate stages of detail design.
,Indentation should be made to indicate a nested construct;

symmetrical keywords (such as if - endif) should be at the same
level of indentation, and statements within larger constructs
shall begin at a further level of indentation than that of the
enclosing construct.

"* 3.3.1.3 Examples

The following pages illustrate the use of Ada/PDL at an
intermediate level of detail design.
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Example (1) (due to Grady Booch):

procedure TEXT is

-- Body author, date, revision level (rev. level of
-- specification part followed by rev. level of body)
-- Traceability references
-- Short description of unit function, e.g., "Process Text"

begin

-- ) ignore leading blanks
if line to be centered then

-- > align text
-- > put out line

elsif line is blank then
-- ) put out line

elsif not in fill mode then
-- > put out line -

else-- handle word-by-word
loop

-- > get a word
exit when nomore wcrds

-- > put out word
end loop;

end if;
end TEXT;

-0
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Example (2) (due to Hal Hart):

with GLODAL.PACKET, CTHEHGLCEALS

procedure PORNATTER is

-- (Author, Date, Revision, Description)

while MORE PACKETS IN FORMlATTER loop
ClIKPOBfAT;
SBIDPACKER;

endloop;
end PORMATTER;

procedure CHKPOBNAT is

function VALID (HEADER) return boolean
procedure READER (PACKER: cut)
function body VALID is separate
procedure body READER is separate

begin CHKFORNAT
READER (PACKET) ;
if VALID (HEADER) then

if SEC-LEV > TVOLEV'FIRST then
case DISPO is

when MSG B - easseuble to forward
when CTL => -- > Update control tables
when NOTES => -- > Copy to log fileAm

end case;
else Signal low security level

* end if;

exception when CASEEROR => Signal operator
end CUKFORMAT;
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~~~3. 3. 2 _ gEZ

3.3.2.1 Description

The Final Design Review is, as its name implies, the last step of
the design process. Therefore, it is mandatory that every
reasonable effort be made to ensure that the design developed is
an acceptable solution to the prcblem at hand.

A set of reviews is recommended for the Pinal Design Review. The
set consists of (1) a walk-through o the design, (2) a
preprogramming Ada evaluation (3) another review of traceability
from requirements to design, and (4) a design philosophy review. -

3.3.2.1.1 Desjn_ ak-Thrsii. The design walk-through is a
manual simulation of the system designed. Some sample inputs are
vicariously processed through the system as designed on paper.

3.3.2.1.2 El92-ggiua.ig.- _Eala gg- There are several
evaluations that should be made by the designer prior to
submitting his product to the programmer. Cne is the uniqueness
versus overloading of names or identifiers which he has defined
in the design. Ada does suppcrt overloading, and overloading can

* ' be used very advantageously such as the case of subprograms which . -

accomplish identical functions but on different structures or
I types. All overloading should he evaluated to insure that it is

intentional and that it will nct cause confusion or conflict in
any of the places in which it may be referenced.

Data types should be evaluated tc insure that duplicate types
have not been introduced inadvertently, and that a type is not
being used for several purposes which may conflict or permit
undetected errors. An evaluation of data type range constraints
should be made in relaticn tc performance. Fist checking
concerning types is done during compilation. However, range
constraints may necessitate runtime checks, and dependina on the
particular compiler being utilized and the particular ranges, may
introduce undesirable overhead.

In multi-tasking designs the allocation of entries to specific
tasks should be carefully evaluated. Ada supports a variety of
strategies for interprocess communication. Careful evaluation
must be made to insure that the proper strategy has been selected
for each instance of interprocess communication. A good
discussion of interprocess communication in Ada is found in
"Tutorial on Ada Tasking" by Stephen A. Schuman..

3.3.2.1.3 1121.sin. j:XS:P3n__ nb ii. Adescription of Requirements-to-Design Traceability is provided in

step 3.2.7 of architectural design.

3.3.2.1.4 2g2J ghig2 zyh._ S . Oftentimes the original
designers of a system are not available to assist with
maintenance changes. Therefore, the programmers and analysts
that maintain a system in production are often at a disadvantage.
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This is particularly true when there is neither sufficient
documentation nor expertise available to maintenance personnel.
Even when system documentation is available, it does not always
provide the maintenance personnel with enough information abcut
the design philosophy.

During the design philosophy review, the designer(s) should
review the overall design and dccument the design philosophy that
was utilized to make major design decisions. This will result in
a Design Philosophy Document tc be used and maintained after the
system is in production.

3.3.2.5s. The designer should

correct any problems identified by the review process above.
appropriate steps within the entire design should be repeated as
required to correct the problem(s) identified.

3.3.2.2 Guidelines

3.3.2.2.1 Ds _:Zb sj -..

a. Invite all the designers to the walk-through.

b. Designate a chairperscn to preside over the walk-through
and resolve differences.

c. Conduct the walk-thrcugh in a place as free from
disturbances and interruptions as possible.

d. Consider inviting a user/custcmer representative that
ha's a good understanding of the problem being solved by
the design*

e. Select some good sample inputs to be vicariously
processed (walked) through the system. The inputs
selected should (as a whole) exhibit characteristics
that will test each function of the system.

f. Develop desired outputs for each input to be walked
through the system.

g. Document the problems encountered as inputs are walked
through the system.

h. Follow up on each problem discovered in subsequent walk-

throughs.

3.3.2.2.2 sj~iy _i _ig -.

a. Obtain a complete crcss reference list of all .
identifiers or names utilized in the design.

b. Examine each instance cf overloading to prevent
ambiguous references or any possible conflict or
confusion.
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c. Examine the uses of each data type to insure that
sufficient types have been introduced and that no types
have been inadvertently duplicated.

d. In light of performance xeguirements, evaluate data
types for runtime overhead they may introduce.

e. When collections of data are being passed as parameters,
consideration should be given to using records
containing the collections and passing access values to
indicate the record. This can reduce parameter passing
overhead when carefully done.

f. In multi-tasking, the preferred method of protecting
critical code is within the "do...end" of a rendezvous,
so as to be clearly evident during maintenance.

However, in a few cases in a multiprocessor environment,
when there is a considerable amount of critical code and
vhen it is desirable to maintain two threads of
execution for performance, a scheme whereby the critical
code is placed between two different rendezvous may be
used. These cases must be clearly commented, as
protection is only supplied by programmer convention and
must not be violated during maintenance.

g. In multi-tasking, evaluate all accesses to shared data
to insure that all accesses are properly synchronized S
and that all critical code is properly protected by in
an appropriate rendezvous.

h. Evaluate all entry calls and accept statements to insure
that an appropriate strategy has been properly used for
each interprocess cotaunication.

i. When task activation and termination is used in a
system, a careful review must be made of task
dependencies to ensure that deadlock will not occur.

3.*3.*2.*2.*3 jgzsDI:s B jjty. The
guidelines for traceability are provided in step 3.2.7.2.

An example of a requirements-tc-design traceability matrix is
provided in step 3.2.3. 1 suggested outline for the Design
Philosophy Document is provided below.

4w
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3.3.2-2.4 Di!LI.kllQE2RbLiX1S!-

a. Document the philosophy behind major design decisions.

Specifically, give reasons for the follcwing:

- Overall structure of system

- Ada packaging

- Concurzency/7asking

- Hardware selections

Data Structures (including files, data kases,
stacks, queues, lists, etc.).

b. Document strategies used and how they impacted design
(e.g., transform analysis, transaction analysis, etc.).

c. Develop a list of design admonitions (e.g., strength of
design, weakness of design, static design areas, dynamic
design areas, and suggestions for improvement).

d. Integrate all design philosophy documentation into a
Design Philosophy Document.

e. Follow up on any proklems that might arise as a result
of this final review of the design philosophy.

iw

0
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DESIGN PHILOSOPHY DOCU1MNW

I. STIN ITRUCIDU

A. OVER= SURUCZ

1. TNCTIXALDECOMMOITIO
2. ZMARMT
3. FUNCTIONIAL E*MAAB CeOuVERTS

S. ADA PAKAGES

1. OBJECTS AM= VOICE PACAGES UVh FM=
2. IHASOU 70POIZU PACKAE

C. CONU~RUECT/TASING

1. coc=RXci REQUIRE SPICIFICALLY BY TRE CUSTOME
2. COCURRDCY IUCORFOAM IMT DEIGN 70! SDICZT

OR PUJOUIIE! IEASS
3. TAKS
4. DRADLACK COKSIDEZ*ZIWUS
5. S3AM RZISOUSAIAZL CONIDERATIONS
*. NAARAE SUPPORTING COcUENmCY

D. BAIA MCTUES

1. PIRANEIT DATA. STRUCTURES

N. DA MAl
b. FILES

2. UOUAI Dan STRUCTUES

a. STAS
b. QUMU

DESIG 33 T5UhA22GIRS

A. 71ANSYCIIN ANALYSIS

a. TRANSACTION ANALYSIS

C. amflCT-0!rUM 31

DE.SIGN AIMITIauNS

A. 51NU OF 33515 i
3. EAES OF DESIGN

C. ARMA Of 2127" MWI LX13L TO CRA303

3. AMAS OF 5SZ LUCS LIN TO CHANGS

1. SUCCURTIONS 101 IPOVING DEIGN

Figure 3.3.2:-1 Suggestod outline for Design Philosophy Docuacut
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3.41RZ :jDa~Z~g.ZI

The output of design must be organized into an Ada Design
Document. This document vill be given to the implementation team
when programming begins.

3.41.2 jgj

Organize the Ida Design Document according to the outline belov:

I. Design Philosophy Dccument

11. Design Graphic Illustrations

A. System Chart
B. Structure Chart
C. Packages Chart
D. Nx Chart
3. Logical Data Structures Model
F. Jackson Data Structures
G. Bequiresents-toresign Traceability Mlatrix

111. Ada Representation of System.

1.03
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CHAPTER 4

Ada EIV!LCPBENT STANDARDS

4.1 ~g~g

Language proliferation has been one of the DoD's most significant
software problems. Custom languages and compilers have been
developed "on the fly" for individual projects. often, the
languages and compilers have teen developed hastily. This has
resulted in project failures and unsatisfactory results.

Short-term and long-term soluticas to the language proliferation
problem have been developed. The short-term solution was the.
establishment of a set of seven programming languages to be used
for the development of all Dot software. Unfortunately, the
seven languages of the standard set do not have all of the
features needed for the development of DoD software.

The long-term solution was determined to be a conversion to one
common programming language. Benefits from conversion to a
single common language were estimated at over $100 million per
year. The DoD's requirements for one common language were
expressed in the Steelman document. In meeting the Steelman
requirements, the designers of Ada have created a large and
complex language with powerful constructs and semantic subtleties

* that offer ample opportunities for failures as well as successes.

Although Ada was initially intended to be the implementation
vehicle for embedded-real-time systems, current experience and
interest indicate that the language will be applied to a much
wider problem domain. Ve expect that Ada will be used in
scientific and business applications in addition to the expected
applications in avionics, communications, and command/control.
Further, there is interest in Ada as a requirements and design
language and as a hardware description language for designers of
digital systems. In short, Ida is seen by many as a potential
"universal language" for software engineering.

Ada's newness, size, complexity, and global appeal make it
essential that a good set of Ida development standards be
implemented and enforced. Unless Ada devlopment standards are

* applied, designers and programmers with varying backgrounds will
be developing Ada systems with many variations of style and
maintainability. Therefore, an initial set of Ada Development
Standards has been created as a part of the effort associated
with the Ada Capability Study contract. The standards developed
have been categorized as follows:
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A. Template for Ida Compilation Units

- Design

- Programming

B. Preferred Programming Practices

- Documentation
- Basic Constructs
- Declarations
- maintainability
- laming Conventions
- General Coding Conventions

• One important category not listed above, for which
standardization is essential, is portability. The article, Ida-
Ruropean Guidelines for the Portability of Ada Programs, by
Nissen, Wallis, Uichman, and ethers, that appeared in the
.arch,April 1982 issue of Ada letters, provides a set of
recommended standards for Ada ;crtability.

-S
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4.2 2)jA

Ada development standards address both the design and
implementation phases of system development. The "Template for
Ada Compilation Units" section includes design and programming
standards. all other sections consist of only programming
standards.

There are two types of Ada development standards--requirement and
guideline. Each type is defined below:

Requirement - requires complete adherence by the
designer/programmer and shall be enforced by
the project manager

Guideline - suggests adherence but deviation is permitted
vhen designer/programmer can show proper
justification.

Baintainability is the these that permeated the creation of the
Ada Development Standards; performance was not a consideration.
However, realizing that Ada will be used in a real-time, embedded
systems environment, there may be cases where the project manager
will choose to relax adherence to the standards for performance
reasons. It is suggested that these compromises be made only
after hard evidence supporting then is established and
documented.

The maintainability of a program is directly related to its
structure. Ida provides some program structuring capabilities
that say be used advantageously or detrimentally. The purpose of
the standards in this section is to direct the developers
(designers and programmers) in their use of (1) the Ida
structuring capabilities and (2) basic design heuristics.

4.2.1.1 Template Design Standards

The Ada designer must be familiar with the Ida concepts of
subprogram, packaging, nesting, and local variables/visibility. 0
Additionally, the Ada designer should be familiar with some of
the basic design heuristics that facilitate development of gccd
maintainable systems (regardless of the implementation language).
This subsection provides some design standards that will assist
the designer in structuring a program for maintainability.

4.2.1.1.1 Control Boutine/Package Services. It is recommended
that Ada systems be designed acccrding to the principles of
object-oriented design and information hiding. Polloving these
principles will result in a design that encapsulates data
structures and all their operations (services) within ida

-* packages.
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The design must integrate the package services within a total
system. Ideally, the package services will be called as needed
by control routines within the system hierarchy. The control
routines are the subprograms responsible for accomplishing and
coordinating the activities of a given function. The advantages
expected from the application cf this concept are:

A. Simplicity - derived from hiding data structures and
design decisions.

B. Clean interfaces to black boxes (package services).

C. Well-partitioned, highly factored systems.

D. Limited nesting and visibility problems.

N. Support of maintainability.

In order to achieve these advantages, the following guidelines
have been established.

Guideline - Develop Ada packages that provide services for
a given data structure.

Guideline - Use the infcrmation hiding concept to hide
data structures and design decisicns - provide
services that conceal the data structures and
internal details from the calling subprogram.

Guideline - Use Private/Limited Private constraint on data
structures to support information hiding and
abstract data types during design.

Guideline - Use Limited Private constraint when
comparisons and/or assignments of data could
produce inaccurate results.

4.2.1.1.2 Limited Nesting. Methodical application of structured
programming techniques may lead to the creation of programs with
many levels of nested subprograms. Extensive nesting tends to
reduce the benefits of methodology in the maintenance phase of
the software life cycle. The article, Nesting in Ada Programs is
for the Birds, by Clark, Wileden,and Wolf, that appeared in the

* November 1980 issue of Sigplan Notices, outlines these problems
with respect to Ada and proposes a means to completely avoid
nesting. However, we believe a disciplined utilization of
nesting should be available to the software designer.

Guideline - Avoid subprcgram nesting whenever possible; .,
exploit packages and separate compilation to
enhance readability and maintainability.

Requirement - Subprogram nesting shall be limited to at most
three levels except as approved on a case-by-
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'U case basis by the manager responsible for the
project.

4.2.1.1.3 Local Variables and Visibility. The structured
programming purist imposes severe constraints on access to data
within each subprogram. 1.11 variables accessed should be either
local to the subprogram or parameters to the routine. For -

embedded systems design, this may be rather inconvenient; for
example, access to several global state variables is often a
necessity.

Guideline -Avoid references to global variables. If such
references are necessary, the variable
references should be qualified by the name of
the routine in vhich the variable is actually
declared, so that the global reference is
explicit.

Requirement -Each variable shall be declared locally to the
scope of its use in order to minimize
introduction of errors by erroneous
modification of data.

4.2.1.1.4 Single Entry/Single Exit. The single entry/single
exit concept is a pre-Ada structured programming concept that --

supports simplicity, consistency, and maintainability of code.

Requirement -All Ada subprograms shall have one entry and
one exit.

4.2.1.1.5 size. The size of each Ada design unit is important
in terms of maintainability. Studies have shown that persons can
cope with multiple small problems easier and more efficiently
than they can cope with one large problem. Considering this, the

* size of each Ada design unit body should be limited to a
reasonable number of executable statements.

Guideline -Each Ida design unit body should not exceed
200 lines of executable code.

* 4.2.1.2 Template Programming Standards

This subsection includes programming standards to be applied
during the implementation phase. These standards support the
development of good, maintainable programs and the implementation
of development strategies and/cr test plans.

4.2.1.2.1 Use of "is separate"1

Guideline -Use "is separate" to defer the implementaticn
of lover level details in the top-down
development of a software system.

Guideline -The use of "is separate" should be vell
documented if the separate compilation unit-is
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sensitive to global data (within the context
of nesting).

4.2.1.2.2 Use of "with"

Requirement - Each routine shall have access only to
packages required for implementation of the
routine.

4.2.1.2.3 Order of Declarations

I uniform approach to declaraticns of objects in Ida is necessary
to promote readability and ease of maintenance.

Requirement - All declaraticns possessing the same
characteristics shall be grouped together and
commented accordingly. For example, all
CONSTANTS shall be together, all TYPES
together, etc. Accordingly, all SUBTYPES
shall immediately follow (and optionally be
indented from) their respective TYPES. A
blank line should be used to separate the
groups.

Requirement - If constants of a user-defined type are

required they should be grouped together into
a separate CCNSTANT declaration immediately
following the TYPE declarations.

Requirement - Within each group named above (except TYPES),
all identifiers should he arranged
alphabetically by name. (This is difficult to
demand for TYPES, for which meaningful names
and elaboration order requirements may
preclude alphabetic arrangement.)

-1

109

WI



- - - - -- - - - - - - - - - - - - -

-- CONSTANT DECLARATIONS

BUFFER-SIZE : constant := 1CO ;

PI : constant := 3.1416 ;

RECORDSIZE : constant := 80 ;

-- TYPE DECLARATIONS

type VEBK_DAYS is ( HONDAY, TUESDAY, WEDNESDAY,THURSDAY,
FRIDAY, SATUBDAY, SUNDAY ) ;

type NONTN_NARE is ( JAN, PEE, MAR, APR, MAY, JUN,
JUL, AUG, SEP, OCT, NOV, DEC ) ;

subtype FIRSTQTR is KONTHNARE range JAN .. NAR ;

type DATE is
record

MONTH : HONTH_NAME ; .,
DAY : INTEGER range 1 .. 31 ;
YEAR : INTEGER range 1900 .. 1999 ;

end record ;

-- CONSTANTS OF USER-DEFINED TYPES

FIRSTDAY : constant WEEKDAYS HONDAY ;
LAST-DAY : constant UEEK-DAS : SNDAY ;

-- VARIABLES

ANNIVERSARY : DATE ;
ANSWER : BOOLEAN := FALSE ; -- INIT. IN D!CLARATICN V

HOFL : INTEGER ; -- HEAD Of FREE LIST
RECORD TYPE : INTEGER ;

Figure 4.2.1 Order of Declarations Example

1
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The enforcement of a good set cf programming standards will
foster understanding and consistency of the code developed.
Understanding and consistency cf the code will contribute to
!f1!iX, the salient theme behind the development of the
standards.

4.2.2.1 Documentation

4.2.2.1.1 Preamble Documentation

Requirement - Every procedure, function, or package shall
include a prea.%ble placed between the name
declaration and the source code.

Requirement - Every preamble shall include at least the
following items:

* Name of Unit
* abstract--short description of purpose
* Processing description--

algorithms/literature references
* What errors are handled and how--
exception/status returns

* Definitions of all input and output -
variables

Requirement When a particular hardware or software
configuration for compilation and linking
(host processcr) or execution (target
processor) is required by a package or
routine, that dependency must be detailed in
the preamble.

W1

I
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I-- -. l -. - - - - . . .. . . . ..-- -.

procedure GCD ( X,

¥ : in INTIGES ;
COMPICTCR : out INTEGER ) is -

-- Mnemonic : GCD
-- Usage : compute greatest common factor of two integers
-- Author : Euclid
-- Host

-- machine : Cray-4
-- o/s : CP/H
-- Target
-- machine : Intel 80286
-- o/s : MP/M 286
-- Abstract : - W
-- Given two integers X and Y as input, the greatest common
-- factor of X and Y is computed and returned to the caller
-- through the formal cut parameter CCFACTOR.
-- Processing :
-- << description of algorithm >>

-- << error conditions with exceptions and messages >> O

<< body of procedure here >>

v4

Figure 4.2.2-1 Preamble Example

4.2.2.1.2 Comments

Requirement - Ccmsents associated with structured statements
shall align.

Requirement - Comments appended at the end of a line and
continued to successive lines shall be written
so the continued comment fragments physically
align under the beginning comment fragment.
Subsequent statements should not begin until
after the comment has been completed.

4.2.2.2 Basic Constructs

Bohm and Jacopini proved that all computer programs may be
written using only three basic constructs. These three
constructs are described on the following page using flowchart
symbology.
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sequence

selection
(if-then-else)

iteration IN . 1
(do while) IIj~

Cf course, Ida supports these three constructs. Ada also
* supports extensions to the selection and iteration constructs.

The selection is supported in Ada by the "if-then", "if-then-
else", and "case" constructs. The iteration ("'do while") is
supported by the "while/for condition loop" construct in Ada. An
infinite iteration is simply supported by the "loop" (without the
"while condition") construct. A "do until" iteration, in which
the action is performed within the loop before the conditicn

* check, is supported in Ada by a ccmbination of the loop and exit
constructs (exit must be placed inside loop to be executed when a

* condition is true).

The sequence construct is general in nature and will not be N
addressed specifically in the standards below. However,
standards have been developed fcr the selection and iteration
constructs and their Ada extensions.

4.2.2.2.1 Selection Standards

Requirement - The if-then construct shall only be used when
there is an action associated with the true
condition and no action associated with the
false condition.

Note: The if-then-else construct nay also
be used when there is only an action
associated with a true condition ty

placing "null" after the else.
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Guideline -Nested if's are preferred over compound
complex single if statements.

Requirement -There shall be at most three levels of nested
if's.

Guideline -The case statement is preferred over a series
of if statements whenever appropriate.

Requirement -Statements associated with the if statement
must align and be indented consistently, but
by at least two spaces. This standard is
illustrated by Figure 4.2.2-2.

Requirement -The 'then' associated with the true condition
of an if statement must be coded on the same
line as the 'if '. The action(s) associated
with a true condition must start on the line
immediately below the if. Figure 4.2.2-2
illustrates this standard.

Requirement -The statement elements associated with the
case statement shall align, and be indented
consistenly, but by at least two (2) spaces.
Figure 4.2.2-3 illustrates this requirement. :

4.2.2.2.2 Iteration

Requirement -The "do while" iteration shall be coded using
the 'for' or 'while' condition with the 'loop'
verb. (See Figure 4.2.2-4.)

Requirement -Statements associated with the loop statement
and all variants of the loop statement shall
be indented consistently, but by at least two
spaces. This standard is illustrated by
Figure 4.2.2-4.

Requirement -The 'do until' iteration (action performed
before condition check) shall be implemented
with a icof statement and an 'exit when'
statement within the loop. This standard is
illustrated by figure 4.2.2-5.

4 Requirement -Avoid using multiple exit statements in a -

loop.

Requirement -The infinite loop shall be implemented with a
loop statement without any conditions. (See
Figure 4.2.2-6.)
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if INDENT then
CHICK _LPT _AGIN;

elsif OUTD!NT then
EIGHT_SHIPT;

else
CABRIAGEBETUBN;
CONTINUE SCAN;

endif;

Figure 4.2.2-2 Example cf IF Statement Indentation

case TODAY is
when MONDAY =>

COMPUTE._IITIALBALANCE ;
vben TUESDAY o. THUDSDA! =.

GERIATE_REPORT(TODAY) ;
when FEIDA! s)
COMPUTECLOSINGBALANCE ;

when SATURIAY o° SUNDAY ->
null ;

end case ;

Figure 4.2.2-3 Case Example

---------------------------------

for I in 1 .. 10 loop
SUM := SUM + TABLE (I);

end loop;

INDEX : 1
while INDEX <= 20 loop

if TABLE(INDEX) > MAX then
MAX := TAELE(INCEX);

end if
INDEX := INDEX + 1;

end lcop

Figure 4.2.2-4 Ada "Do While" Lcops -e

15 - - -
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I- - - -- .*"-- -- - -- . -- - - - ------- --. ---- --

INDEX := CCUNT
loop

if BRIDGE(INDEX) > MIX then
NX := EBIEGE (INDEX);

endif;
INDEX := INDEX + 1;
exit when INDEX Z 20;

end loop;

Figure 4.2.2-5 Ada "Do Until" Loop

PERPETUALLCCP : --note indentation
loop --from loop identifier

COUNT := COUNT + 1;
GET (TEMP) ;
PUT (TERD) ;

end lcop;

Figure 4.2.2-6 Ada Infinite Loop

4.2.2.3 Declarations

This subsection specifies those Ada coding practices which apply
to the use of declarations.

4.2.2.3.1 Commenting Declarations

Requirement - Each constant, type variable, and field
identifier declared shall be accompanied by a
brief COMMENT if the mnemonic identifiers are
not self-explanatory.

4.2.2.3.2 Program Messages

Requirement All coded program messages shall be declared
as program constants and the messages shall be
identified in the "CU'ZPUT1" or "ESSOR
CONDITIONS" section of the preamble.

4.2.2.3.-3 Declaration Formatting

Requirement - Every declaration shall begin on a new line
and shall be aligned with all preceding
declarations.
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Guideline -It is recommended that each variable of a
declaration appear on a separate line.

Example: 1,
Y :INTEGER

Guideline -All constants and variables should be an
instance of a named type; in particular, array
and record objects should reference explicit
type names.

4.2.2.3.4 Use of Constants

Requirement -All SCALARS that (1) are used in more than cne
instance within the same context, (2) are
known scientific or engineering constants, or
(3) have associated dimensions such as buffer
size, terminal width, etc. that are
susceptible to change shall be specified as
named program constants.

Guideline -The upper hounds of all static arrays should
be specified by program constants.

4.2.2.4 Maintainability -

U Guideline -Comments should be composed at the same time
that code is composed.

Guideline -Functions should avoid side effects. For
example, the value of a global variable should
not he changed. Any exceptions should be
conspicuously documented.

Guideline - All type declarations should include bounds
that constrain variables to the expected range
of values. Por example, if the range of an
integer-valued type is known an appropriate.

-bid type declaration should include those
constraints:

type TWENTIETH-CENTURY =1900 .. 1999;

Guideline -Separate types should be declared specific to
6 their use. The type-checking capability of

Ada may be exploited if new types are declared
for each use, although some types may overlap.

type ORANGEGNTY is new NATURAL;
type PRCANQNTY is new NATURAL;

Requirement E ach statement shall begin on a separate line.
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Requirement -At least one space shall appear before and
after all relational operators, Ada reserved
words, identifiers, and arithmetic operators.

Requirement -Use explicit assignments in aggregates in lieu
of positional assignments.

Guideline -Use attributes instead of hard coding numeric
literals whenever possible.

Guideline -Range constraints on arrays should be
specified using named constants or attributes
of enumeraticn types.

Guideline -Use parentheses in expressions to enhance
clarity.

Guideline - Write code with lots of white space to enhance
readability. Avoid bunching variable names,
relational operators, subscripts together.

* 4.2.2.5 Baming Conventions

Guideline - Use meaningful names for all types, objects,
subprograms, and tasks.

Requirement -A consistent naming convention shall be
established for all objects of interest at the
outset of the project. This should form the
basis for the project data dictionary.

Requirement -The use of cverloaded names for subprograms
shall be restricted to those instances in
which subprcgrams perform semantically
identical operations on differing data types.

Guideline -If a task has a single entry point, it is
recommended that this entry be named S
"ENTRY POINT", or some similar name; this
avoids the introduction of awkward names in
such contexts.

Guideline -Use some naming convention to distinguish
access types from other data and routine names

4 which may be used as "qualifiers". For
example, if access variable names are given a
consistent suffix _ptr", then all accessI
variable references are textually emphasized.

Guideline -The names of types and constants should
4 reflect their use. A value used in more than

one context should have an equivalent set of
names and declarations. in example is
provided belcw.
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NUMBER Of HCRTBS : constant :=12
DOZEN : constant :=12;

Guideline -The names of types and objects should not be a
simple recapitulation of their values. For
example, one should avoid declarations such as

ZERO :constant := 0;

Guideline -Avoid use of the "use clause" when multiple
packages are imported and local variables have
same names.

4.2.2.6 General Coding Conventions

This subsection specifies general coding practices which apply to
the coding of Ada program statements.

4.2.2.6.1 Label and GO TO

Guideline -Label and GO TO statements should be used
sparingly. Their use should be restricted cr
controlled within the boundary of one block.
Generally, a Go TO should only branch to the
beginning or end of a block from a point
within the block. Label and GO TO statements
should not be used to transfer control from
block to block and should not traverse large
segments of code.

4.2.2.6.2 Upper and Lower Case

Requirement - For uniformity, all declared items shall be
capitalized and all reserved words shall be in
lover case.

4.2.2.6.3 Program Units

Requirement -Each program unit shall be preceded by at
least one blank line.

Requirement -The end which concludes a subprogram body,
package, specification, package body, task
specificaticn, or task body, shall always be
followed by the name of the program unit.

Requirement -Statements associated with blocks shall align
and be indented consistently, but by at least
two spaces. This standard is illustrated by
Figure 4.2.2-7.

*4.2.2.644 Procedure and Function Subprograms

Requirement -If the procedure declaration and associated
parameter list does not fit readily on one
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line, the parameter list shall be aligned and
coded with one parameter per line.

Requirement -The begin and end surrounding a subprogram
body shall be aligned under the subprogram
specification. All other statements shall be
indented consistently, but by at least two
spaces.

Guideline -Parameters should be grouped together
according to their function as either in, cut,
or inout.

Requirement -In any given call to a subprogram, all
parameter references shall be of a consistent
type; i.e., pcsitional and keyword parameter
references shall not be mixed in a given call
to a subprogram.
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SWAP:
declare
TEMP :INTEGER

begin
TEMP :V;

U :TIM
end SVAP;

Figure 4.2.2-7 Example of Block Indentation

function FACTORIAL CN : ATUBAL )return FLOAT is

TRAP :FLOAT;

begin
if V 1 then

TRAP :=1.0;
else

TEMP F LOAT( N )*FACTCRIAL( N -1);

end if;
return TRAP;

exception

end FACTORIAL;

Figure '4.2.2.8 Example of Function Standards

procedure PUSS (E :in 2L!MEUTTYPE ;S :inout STACK) is
begin

if S.INDBX - S.SIZR then
raise STACKOVERFLON

else
S.INDBX :a S.INDEX + 1
S.SPACE(S.INDEZ) := E;

end if
end PUSH;

Figure 4.2.2-9 Example of Procedure Standards

-- - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - -
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Guideline -in instances in which formal parameters may be
given highly mnemonic names, the use of
keyword parameter references should be
exploited to enhance readability and ease of
maintenance.

Reguirement -Explicitly identify the mode of each parameter
in a call (avoid 'in# parameter default).

* Requirement -Avoid the use of default parameters in
procedures and functions.

* ~4.2.2.6.5 Exceptions-

Requirement - The exception reserved word shall align under
the begin of the appropriate block.

Requirement -Each exception choice within an exception
handler shall align and be indented -

consistently, but by at least two (2) spaces.
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4.3 £.p. g-

A myriad of new Ada programmers with various backgrounds and
varying degrees of expertise is developing. Therefore, the EoC
must recognize that Ada programs will differ significantly in
style, quality, and maintainability unless Ada development
standards are implemented and strictly enforced.

The implementation of Ada development standards must be planned. .-
Procedures for ensuring that standards are followed should be in
place when Ada becomes the DoD's official programming language.
Additionally, certain tools should be developed in support of the
standards. or

4.3.1 12212--22141d

No development standard will be successful if it impedes the work
of the software engineering professional. One means of easing
the individual impact of a standard is to provide aids for the
use of such a standard. The following toolset is a M&2 list
of aids which will provide enhanced capabilities for
implementation and maintenance personnel. Note also that there
is some overlap in the functions suggested, leaving some
flexibility to the user.

A. An enhanced cross reference and "use table" generator
which provides a means to resolve variable overloading
in each subprogram.

B. An "expand" compiler pragma to replace all global name
references by fully qualified names in the text of a
subprogram.

C. An "eject" pragma to control pagination in the compiler
listing for clarity.

D. A "package reference expansion" pragma to list the
visible part of a referenced package in the declaration 6
part of the routine in which the reference cccurs, with
appropriate notation tc indicate the expansion.

E. A "pretty print" facility which enforces as much'of the
development standard as may be automated, and notes any
violations detected. i!

4.3.2

Any standard for Ada development must be closely related to a
systems design methodology. Many problems must be solved with
relation to the methodology such as a "graceful" incorporaticn of W,
the Ada tasking model, which will have an obvious impact on the
development standards. The standard itself must be refined in
light of experience. As the Ada experience base grows, new
issues relating to standards will arise and must be addressed as
they occur. Also, the impact cf the standard on programmer
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productivity and maintainability must be assessed. Some
restrictions currently in the prcposed standard may be relaxed
cnce a sufficient population of Ada-literate programmers and
designers exists. Significant vcrk remains in the area of
standards relating to the timely introduction of architectural
dependencies in the design prccess.

F-The newness of Ada combined with its power and the shortage of
appropriately trained personnel make the existence of a
development standard a practical necessity. The standard
presented has been created as a "first order approximation", '
restricting the use of certain ncvel features of Ada such as
overloading and parameter associations to modes more closely
resembling languages in current use. on the other hand, there is
little said in regard to exceptions and tasking as effective use

* of these features requires some empirical evidence to support
creation of reasonable standards. This standard should be viewed'
as the beginning of an evolutionary process which will be driven

* by the accumulated experience in the use of Ada as well as growth
in the population of Ada language users. It is most important
that a variant of this standard or some other standard be in

*place before the availability of validated compilers so that a
standard may develop in light of a large body of experience. &ls
This would be of benefit to developers and consumers of Ada-based
software.

A
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,CHAPTER 5

METHODOLOGY EXPERIENCES AND BECOrMENDATIONS

5.1 PREPACE

The development of AIR and its sutsequent application to the
redesign of a message switch system has been a very beneficial,
learning experience. There have been many lessons learned as
weil as suggestions and ideas for improving AIM. Three
activities that have been most beneficial in terms of evaluating
and improving AIM are briefly described below:

1. Initial Application of AIN - As soon as a phase of AIN
was completed, it was applied by the design team. This
resulted in the discovery of "bugs" in AIN that were
immediately corrected. However, some problems
identified were not immediately solvable. These
problems contributed to the lessons learned on this
project.

2. Consultants' Suggestions and Ideas - Consultants from
industry and academia evaluated AIN. Their evaluations
resulted in many suggestions and ideas for improvement.
Some of these ideas and suggestions have already been

q incorporated into AIN while others are addressed later
in this chapter as reccsmendations for improvement and
recommendations for further research.

3. Continued Methodology study by Chief Methodology
Engineer - The chief methodology engineer has continued
to study methodologies and make modifications to AIR
after its completion. Some of the lessons learned and
recommendations addressed later in this chapter evolved
from this continued study.

The remainder of Chapter 5 addresses (1) the lessons learned from
the Ada Capability Study, (2) reccmmendations for improving AIN,
and (3) recommendations for further research.

5.2 L A~~f

Summaries of the lessons learned from the Ada Capability Study
are provided below.

5.2.1 ~~~rac . sn ekdl2

Methodologies provide a plan or road map for system development.
Vithout a plan, the system development of any major system is
more susceptible to failure, A methodology, even though it may
only be a framework such as AIM, forces the project team
personnel to think about the problem and solution in an organized
manner. In the words of one of our cons, *ants, "Any vethodology
is ninety percent good".
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5.2.2 ~

It is extremely important to develop an understanding of the
problem in the requirements phase of system development. This is
true regardless of the type of system being developed (i.e.,
business, real-time, scientific, etc.) . Once a good 4
understanding of the problem is developed, the design process is-
ready to begin.

The design team used much more time and effort than originally
anticipated to complete the requirements phase. However, the
feeling is that the extra time was well spent. The requirements
analysts developed an understanding of the problem that reduced
the effort required during the design phase.

5.2.3 2A~ nRLBd e e~ n

The Ada Requirements Specifications produced during the
requirements phase eliminated the need for an Ada PDL expression
of the system during the design process. The design team felt
that the Ada Requirements Specifications were sufficient
specifications to begin program development once architectural
design was completed. The programming effort was also reduced
because the frameworks of many of the Ada procedures were W
established during the requirements phase.

5.2.4 ofntraonEten tcurd alss
and_§StrKuctured Design

Structured Analysis and Structured Design methodologies do not
integrate as smoothly from requirements to design for real-time
communications systems as they dc in a business applications
environment. '
5.2.5 d aBeUeTrou ct veoen

Ada has the constructs for forming the base of a structured
Inglish for expressing system requirements and programming
specifications. Therefore, Ada may be used as an RSL and PDL
prior to its use as an implementation language. The use of ada
throughout the system development life cycle reduces the
conversion efforts normally required tc map requirements into
design and design into code.

5.*2.*6

Ada will support virtually any methodology. However, it appears
that Ada is more compatible with the object-oriented design
methodology than other methodologies such as Structured Design,
Jackson, and Warnier-Orr.
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5.2.7 ~ g 2D eeoigA itm
lljajlt ant

Of course, it is always important to match people with
appropriate backgrounds to development projects. The best
programmer is not always the best requirements analyst or i
designer. Therefore, the personnel assigned to the requirements
and design phases need not be ezpert Ada programmers. However,
the requirements analysts and designers need to have some
knowledge of Ada.

The requirements analysts should be familiar with the basic Ada
constructs if Ada is used as an BSL during the requirements
phase. Designers should know enough about Ada to use it as a
PDL. Additionally, designers should have a good understanding of
Ada program structure (i.e., subprograms and packages) and
tasking.

5.2.8fr e C

ARM is heavily oriented toward Structured Analysis. The Ada
language is also key to ARM since it is used to express the
system requirements. Therefore, the Ada Requirements Document is
largely DFDs and Ada Requirements Specifications. This format is
great for the requirements analysts and designers. However, from
a customer's point of view the Ada Requirements rocument is not a
good, clear expression of the system. The Structured Analysis
and Ada expressions of the system need to be augmented with more
customer-oriented system requirements.

* ~5.2.9 Vleo

DFDs and structure charts are gcod tools that facilitate
developing an understanding of the problem and solution during
the requirements and design phases respectively. However, the
use of such tools puts Ada in a more supportive role than
originally anticipated. The graphic illustrations seem to be
easier to understand initially than a pure Ada expression of the
problem and solution.

5.2.10 are nc

Structure charts have been used prolificly during the design of
systems to be implemented in CCBCL or FCRTRAN. Since neither of
these languages is recursive, there is no need for representing
recursion on the structure chart. The lack of a structure chart
recursion mechanism may be a problem when trying to model an Ada
solution that is recursive.

5.2.11 _ :y Cour harts a

The design team was unable tc use the SHEN-type concurrency
charts to represent the concurrency of the message switch system.
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One of our consultants tried extensively to draw a concurrency

chart for the message switch system but was unsuccessful. A
second consultant indicated that it was impossible to illustrate
the concurrency of the message switch using SREN-type concurrency
charts.

5.2.12

Automated design aids could be used to improve project
management, increase productivity, and improve the accuracy of
requirements and design specifications. Specifically, automated
design aids could be used to do the following:

- Draw DPDs

- Develop traceability matrices

- Structure requirements and design specifications for
clarity

- Develop a data dictionary

- Verify requirements and design specifications.

* ~5.*2.13 §yA L f w r

HSP is the last step of architectural design (after completion of
a functional design). However, experience with the redesign of
the message switch system indicates there are difficulties
associated with HSP this late in the design process. for
example, in a distributed processing environment, the selection
of separate processors that use separate memories could
significantly impact the functional design. Also, the run-time
system is directly impacted by the hardware selection(s).
Therefore, late HSP could result in inadequate lead time for
selecting and implementing the run-time system. ]

* 5.3 RONEDTOSFRIMPRCVING AIM

5.3.1

Add narrative descriptions of the major system functions to the
Ada Requirements Locument. This would be done after completion
of the AO DFD.

5.*3.2

-Add the following project management considerations:

1. Reviews with customer at periodic intervals during the
requirements phase (needed to ensure accuracy of
requirements).
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2. Reviews with customer and management at periodic
intervals during requirements, design, and
implementation phases (needed to ensure that project is
being managed properly, within budget, cn schedule,
etc).

3. Constraints relating tc personnel, time, money, etc.

(needed in a real-world environment).

4. Implementation considerations:

a. Development of new procedures and a user guide
b. Development of an operations guide (run book)
c. Development of a test plan
d. Development of an implementation plan including a

conversion plan.

5.3.3 D _21A~2P9

These concurrency modifications are recommended for AI:

1. Address concurrency in the non-functional requirements
part of ARM instead of having a separate part for
concurrency.

2. Eliminate the creation of concurrency charts during the
requirements phase.

3. Use petri nets or some other tool for illustrating
concurrency during design instead of the SBIU-type
concurrency charts.

-5.3.4

Replace the N2 Chart with a simple module interconnectivity chart
that illustrates all the interfaces for each Ada design unit
(i.e., subprogram, package service (entry point), or task).

Example: A pg1 uIptsOUutput ..... s
SUBPG5 PARli1 PAR82
PKG1.SERV1 P&RM3 PARM4* p&3n5 0 ]

5.3.5 Add _ _ = _

Make object-oriented design and information hiding the main
criteria for decomposing the system into modu-. instead of the
Structured Design methodclogy. Hcwever, contint.e to use
Structured Design criteria (i.e., coupling, cohesion, and design
heuristics) to evaluate the design produced via an object-
oriented design methodology.
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5.3.*6

Add the development of an A-Srecifications-to-Requirements
traceability matrix to ABM.

5.3.*7

Hardware/software partitioning needs to begin earlier in the
design process, especially during the development of distributed
processing systems. Selection of hardware concomitantly with
functional design will mitigate the impact of hardware selection
on the functional design.

.
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Ida was used as an RSL to describe the processing requirements
within each primitive function (block) of the DFDs developed
during the requirements phase. However, Ada could be used to
describe entire CPDs, including all the interactions between the
various functions. Concurrency between the functions of a DYE
could be shown via Ada's tasking construct. The Ada
representation of a DFD could also be used to make corrections
and automatically recreate the EIE to reflect the correction.

AIR places graphic illustratios (structure charts and 92 charts)
before the Ada representation of the system during the design
process. This could be reversed such that Ada specifications are
used to define each major procedure or function including its -.V-

other functions, and a general narrative description. The Ada

specifications could be used tc generate a graphic illustration
of the system such as a structure chart.

5.4.3 !iSRiSDL9.~3J th2_SVjL.2_iU itLLa

Vith the advent of Ada as the official language of the DoD, it
would seem logical to change the prcject life cycle to make it
more compatible with Ada. AIM is designed to be compatible with
Ada; it makes use of packaging and tasking, and uses Ada as an
RSL and a PDL. Vith some modifications to add more customer
orientation within ARM and several project management
considerations, AIR could be the basis for developing a new
military project life cycle.

* 5.4.4

The use of the implementation language to express system
requirements and design is a departure from the traditional
concept that requirements and design methodologies should be
independent of the implementation language. Prom this project,
it seems that the use of Ada during requirements and design is
justified. However, further research is needed in this area.
Specifically, Ada's .use as an RSL to define the message switch 4

requirements could be studied to determine the savings and
benefits that resulted. It would also be interesting to study
the reasons for and results of the decision to use the Ida RSL
from requirements as the Ada PEL during design on this project.
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The flow from requirements to design required a "shifting of
gears" or change in mind set during the redesign of the message
switch system. The requirements analysts thought of the system
as a single-thread process during requirements and developed a
model (DFD) that processed one entire message through the system.
During design, the requirements analysts of the requirements
phase became the designers, and they shifted gears almost
immediately. They began to think more about the performance
constraints that were identified during the requirements phase.
They began designing a system structure that processed only
segments of messages at a time instead of an entire message

* (because of performance constraints). In short, a certain kind
* of thinking or thought process was reserved until design. The

thought process that was reserved was incompatible with the
* thought process that permeated the requirements phase.

Therefore, the DPDs and data dictionary developed during the
requirements phase were not compatible with the structure chart
and data structures developed during design.

It seems that further research to determine how the problem and
solution (for a real-time system) could be integrated more
smoothly is appropriate. Some say that a smooth transition from
requirements to design can be expected in the business world but
not in a real-time environment. Still it seems that a smooth
transition from requirements tc design is a worthy goal
regardless of the type of system being developed.

* 5.5 CONCLUSION

The application of AIR during the redesign of the message switch
was successful. However, it is obvious from the above that many
lessons were learned. Hopefully, the lessons learned and the -

recommendations for improvement and further research will
contribute to development of a final Ada-based methodology.
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