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This revport summarizes the progress made towards
develovninge 2 computer-based system to perform percevntion
tests using lisht-emitting diode (LXED) displays. Since
it wes not possible to test the design, the report dis-
cusses in depth the system development process. The re-
cuirements definition and initial desisn phase which are
discussed can be successfully anplied to any software
develonment project. This report is written for a reader
who possesses a basic knowledpge of software develonment.
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Abstract

The Multi-Mode Matrix Display Program is attempting
to test the acceptability of using light-emitting diode
displays in USAF aircraft. The informel and formal func-
tional specifications for the software necessary to per-
form the desired tests have been developed. TFormal func-
tional specifications were developed using a technicue
called structured analysis. The functionzl specifications
were used to design the software system. This design was
accomplished using structured design technigues. The soft-
ware design is presented using structure charts together
with function=l descriptions of all modules and definitions

of the interfaces between modules.
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I. INTRODUCTION

=g

ocone

The Multi-Mode Matrix Display (MI1) project office is
attempting to develop light-emitting diode (LED) disvlays
to replace CRT displays currently being used in USAF air-
craft. Part of the effort being conducted by the MM of-
fice is to perform human factors research on dot matrix
symbology to determine the acceptability of using LED dis-
plays. Specifically, the MMM office is interested in tes-
ting the effects on human perception caused by the rotation,
vibration and degradation of an LED display image.

This thesis is concerned with designing the software
necessary to accomplish the MM project test objectives,
without making any assumptions concerning the hardware ar-
chitecture which will be used to implement the systen.

The software desiesn consists of designing the necessary
subsystems, programs or modules, and their interconnections.
It is not the intent of this thesis to devlop design sne-

cifications or to produce zany program code.

Objectives

iihen developing computer software there is a great
tendency to start producing code at the very beginning of
the project. This has proven to be a very pcor ayprozch
to software develovment, since these vrojects have frecuent-

ly experienced cost overruns, missed schedules and disgrun-




tled users. Even in projects where top-down structured

programming technigues were used, the resulting software
has frecuently been plagued with problems. A prime exam-
ple of this latter case is IBK's New York Times system
which has many maintenance problems.

In virtually 211 of the above cases, the problems were
the result of poor software design (or the lack of any
software design). The primary objective of this thesis is
to avoid the problems mentioned above by designinz the
system software architecture.

To meet the primary objective, it is first necessary
to develop the top-level system performance specifications
on 2 functional basis. This consists of precisely des-
cribing the user inputs to the system and the outvuts de-
sired by the user. The algorithms for information storase,
transfer and manipulation are 2lso described.

After the functional specifications have been defined,
the structure of the software can be designed. The design
is accomplished through the avplication of structured de-
sign technicues, which reduce the complexity of programs
by dividing them into functional modules. This makes it
possible to create complex systems from simple, relatively
indevendent modules. The resulting design facilitates the
debugging, modification and maintenance of the software

system.
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Design Constraints

Design constraints are the conditions which svecify
how the system is to be implemented. The design con-
straints do not necessarily define the particular items
which will be used to realize the system. Rather, they
identify limits which may later be used in the selection or
creation of the hardware or software which is used to im-
plement the system.

Good design vractices advise that details of the de-
sign, 2nd binding implementation decisions, be postnoned
to later phases of the system life-cycle. Tyvnically this
is not the case however, since a2 designer may be given pre-
mature budget or hardware constraints. Freguently the de-
signer is constrained to use a particular piece of hardware
#hich has already been vpurchased, even though that hardware
may not result in the best implementation of the system.

Then this investigation was started, no firm decisions
had been made concerning the hardware which would be used
to implement the system. It was assumed that a minicompu-
ter in the PDP-11 class would be used, but this assumption
had no impact on the design which was developed. In addi-
tion, no assumptions were made concerning the operating
system which would be purchased with the system hardware,
nor were any cost constraints imposed on the design. As a
result, the design developed in this thesis made no assump-

tions concerning the computer or perivheral devices (I/0

and storage) which would be used. Therefore, the desicn
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which is presented makes reference to "input from z console"
or "output to mass storage" without giving any description
of the particular device (or possible overating system rou-

tines) which will be used.

Outline

The informal functional specifications for the systen
are discussed in Chapter II. Chapter III presents the for-.
mal functional svecifications for the system using activity
and data models which result from the application of struc-
tured analysis. Chapter IV presents the software design
using structure charts together with functional descriptions
of the modules in the design. Conclusions are presented in
Chapter V along with recommendations for the effort neces-

sary to complete the software development.
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II. REQUIREMENTS DEPINITION

Introduction

The normal system life-cycle for a computer software
(or hardware) development project consists of the following
seven phases (Ref 1:5-8): conceptual, requirements defi-~
nition, design, coding and checkout, testing =2nd overation-
al. Reguirements definition is the second phase in the
system life-cycle, and it is rgcognized as one of the most
critical of all the phases. It is during this phase that
a complete 2and consistent set of reguirements is develoved
for the system.

Numerous problems typically occur in projects where 2
good set of requirements is not developed early in the vpro-
ject. Some of the vroblems which have resulted 2re missed
schedules, cost overruns and dissatisfied users, since the
system does not perform the way the user wants (Ref 3:2).

During the last several years, the computer industry
has become increasingly aware of the importance of require-
ments definition. Several different methods or 2ids have
been developed to assist in developing good system require-
ments. One of these methods is structured analysis (Ref 1),
which provides a graphic language which can be used to sne-
cify the requirements of a system (see Chapter III).

A computerized 2id which has been developed is the
Problem Statement Languege/Problem Statement Analyzer

(Ref 6). PSL/P3A is a tool for describing both the hard-

’
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ware and software of information processing systems and re-

cording the descrivtions in machine-processable form. The

data base which is created is analyzed for logical correct-
ness and consistency by the computer. The computer system
can also be used to produce various reports on 2ll or any
selected part of the data in the data hase.

d Requirements definition typically dezls with three
different subjects (Ref 3:4): context analysis, functional
specification and design constraints. Context analysis
deals primarily with the reasons why the system is to be

created. As discussed in Chzpter 1, context analysis is

considered beyond the scope of this thesis. Functional
specification is a description of what the system is to =c-
complish in terms of the functions it is to perform, and

is discussed in the following section and in Chapter III.
The conditions svpecifyine how the system is to be implemen-
ted 1s the subject of the design constraints, which were

discussed briefly at the end of Chapter I.

Functional Svnecificztions

! General Specifications. The system to be designed

3 ( will be used to perform perception experiments. A tynical
! l percevntion test consists of displaying a seguence of symbols

and recordin~ 2 subject's responses. The software system
#will have three basic modes of operation: Set-Un, Experi-
ment HLxecution and Data Anzalysis.

i

’
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“ The Set-Up mode of overation allows the user to enter
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test parameters to perform a particular experiment. During
this mode of operation, the system will output 2 series of
messages to the user to choose the options and enter the
parameters to be used during execution of the experiment.

Yhen the system is put into the Experiment Execution
mode, a message will be output to the experiment subject.
requesting the subject to enter identification information
(name, date, etc.). The system will then begin disvplaying
2 series of symbols (according to the parameters and ontions
entered during the Set-Up mode) znd recording the symbols
and subject responses for later analysis.

The Data Analysis mode of ovperation is used to reduce
the data gathered during an exveriment into 2 more useful
form. Tor example, commands can be given to generate con-
fusion matrices or to execute collapsing routines, 2s dis-
cussed at the end of this chapter.

‘hen the system is initizlized (turned on), it will
overzte in an executive mode which will recuest the user to

~

choose one of the three basic modes of operztion. Jhen the
f

veer wishes to change from one mode to anothe%, he will
first enter a commznd to terminzte the current mode of
operation. The termination command causes the system to
return to the executive mode, from which the user czn a-
gain choose 2ny of the basic modes of operation.

The system must be designed so that it is easy to use.
Thus, the system will output requests to the user to in-

put commands, 2nd the vparameters associated with the com-
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mand. However, since a frequent user of the system will

probably not require the system to recuest the parameters
associated with a command, the system will allow the user
to input a command and its parameters 2t the same time.

Set-Up NMode of Overation. This mode of operation 2l-

lows the user to choose the options and to input the p»ara-
meters to be used for a varticular experiment. ‘When put in
the Set-Up mode, the system will output a message telling
the user that it is in the Set-Up mode. The user may then
enter any of the commands from Table I. If any other com-
mand is entered, the system will respond with an error mes-
sage 2nd request that the command be reentered. A descrin-
tion of ezch of the commands of Table I follows.
Table I

S5et-Up Commands

LIBRARY

MASKS

SYNBOL DISPLAY DYNAWICS

TIME PARAMETERS

STIMULUS LIST

DISPLAY SEQUENCE

PRINT

SET-UP PARANMETERS
END SET-UP

1. LIBRARY. The system must provide the capability
to input, store and recall a set of symbols. hen the user
enters the LIBRARY command, the system will respond by re-
questing the user to choose one of the following functions:

CREATE, STORE, DISPLAY, PURGE, ALTER, LIST, or END. If any

other command is entered, the system will resvond with an

error message and recuest that the command be reentered.
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The CREATE command causes the system to respond with :
a request for the symbol characteristics. The system must
vprovide the capability to enter the characteristics of any
symbol, by defining the individuzl elements of the display
which are to be 1lit or extinsuished. The parameters can be
entered one at a time, or a series of parameters can be
entered (e.g., parameters,, parameter,, eee)e The user can
also specify that the display be cleared, in preparation

for defining a new symbol,

The 3TORE command causes the characteristics of the
symbol which is currently displayed to be entered into the
library. The system resvonds to the STORE command by re-
guesting that an index for the symbol be entered. ‘hen the
index is entered, the system will check that the index is

not identical to an index already in use. If the index is

invalid, the system will recuest that the user enter a dif-
ferent index.

To delete & symbol from the library, the user would
enter the PURGE command. The system would respond by re-
questing 2n index number. If =2 valid index number is en-
tered, the system would delete the corresponding symbol: if
an invelid index were inputted, the system would resnond
with an error message.

The DISPLAY command allows the user to display any
symbol in the library. The system responds to the DISPLAY
commzand by recquesting the user to enter an index. If a

valid index is inputted, the system will disvlay the cor-




responding symbol. The system will respond with an error

message if an index is entered which is not in the library.
The ALTER command allows the user to test the symbol

display dynamics. After this command is entered, the sys-

tem will recuest the user to input a ROTATE, ADD/DELETE,

JITTER or VIBRATE function, and the associated command na-

e B e LT
vy g
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rameters (sece 3 below). The user may specify that only
one, or a combination (e.g., rotate and vibrate) of the
functions be used. The system will respond by performing
the selected functions on the symbol which is currently be-
ing displayed. Thus, the ALTER command 2llows the user Yo
preview the effects of the symbol modifications prior to
performing the experiment. The ALTER functions will re-
main in effect until the END ALTER comm2nd is inputted, af-
ter which the user can again enter any of the commands in
Table I.

The LIST command allows the user to request the sys-
tem to output the indexes of all the symbols currently in
the gymbol library or to output the number of symbols in
the library (by using the ALL or NUNMBER options). hen
the user enters the END command, the system will return to
the Set-Up mode of operation, where it will again accent
any of the commands shown in Table.I.

?. MASKS. During performance of the experiment, the

system may be required to display 2 random symbol (called
a mask) pefore and/or after the stimulus symbol is dis-

played. The system must be capable of producing two kinds

10




of masks: static and dynamic.
A static mask is a symbol which has random characteris-

tice which do not change during the disvlay time. The sys-

tem must be able to produce 2nd store these masks »rior to
performance of the exmeriment. Dynamic masks are random
symbols which are created during performance of the experi-
ment. Unlike static masks, dynamic masks change apnearance

during the display time.

#hen the MASKS command is entered, the system will re-

guest the user to choose whether static or dynamic masks

are to be used. If the user enters STATIC, the system will
respond by 2asking the user to input the total number of
masks to be generated and stored, the maximum number of
elements to be 1lit for 2 mask and any constraints on the
randomness of the mask. The randomness constraints will
consist of requiring that the mask consist of line segments,
E or a constraint on which adjacent elements of a 1it ele-
ment may also be 1lit.

For dynamic masks, the system will request the user
to innut the time interval between lighting elements. The

system will also reguest the user to input the persistance

: l time for an element (the length of time 2n element is to

i be 1it) if an L3D display is beine used.

i If the user does not resvond with either STATIC or

; DYNAMIC, the system will outnut an error message and re-

{ cuest that the command be reveated. After the mask charac-
Lg“ Yeristics or END ovtion is inputted, the system will return

i
i
3
{ 1
!
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to the Set-Up mode of operation.

3. SYMBOL DISPLAY DYNAMICS. The system must pro-

vide the capability to perform certain modifications (such
ag rotation or vibration) to the symbol displayed during
the performance of the experiment. After the SYMBOL DIS5~

PLAY DYNAMICS command is entered, the system will respond

by asking the usexr to enter one of the following options:

ROTATE, ADD/DELETE, JITTER, VIBRATE, or END.

‘“hen the user enters the ROTATE option, the system
will respond by recuesting the user to choose between =
constant or random rotation. If the user chooses a con-
stant rotation, the system will request that the rotation
angle be inputted. For a random rotation, the system will

request the maximum allowable angle of rotation.

The ADD/DELETE ovtion allows the user to modify a sym-—
bol by having the system randomly remove or add portions
of =2 symbol. ‘‘hen this option is chosen, the system re-
quests the user to input the number of elements which are
to be randomly added and the number of elements which are
to be randomly removed. The user will have the option of

entering one add/delete parameter which will be used for

gz e

all the symbols in the stimulus list, or he can enter 2
different add/delete parameter for each symbol in the sti-
mulus list.

ditter causes the symbol to be randomly located within
a specified region of the display. After entering the

JITTER option, the user will be ascked to input the allow-

12
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able range of movement. The VIBRATION option allows the %
user to specify the range of movement and the frecuency %
that the displayed symbol should be vibrated. The JITTER }

and VIBRATION options are mutually exclusive. If neither
of these options is chosen during the Set-Up mode, then
the symbols displayed during vperformance of the experiment
will not be jittered or vibrated.

After any of the above commands are entered, the sys-
tem will respond with a2 recuest to choose another symbol
modification option. Thus, the user can svecify thzt sym-
bols displayed during the experiment are to have multiple
modifications (i.e., symbols are to be rotated =nd vibrat-
ed simultaneously). To return to the Set-Up mode of opera-

tion, the user would enter the END option.

4, TIME PARAMETERS. During performance of the experi-

ment, the system will be recuired to display a2 sequence of
symbols consisting of an acknowledgement symbol, 2 mask,
the stimulus symbol followed by a second mask, and =2 re-
displaying of the acknowledgement symbol. There are seve-
ral time intervals associated with this display seguence:

Mask Time1 - length of time to display the first mask

"

@

ask Delﬂyl - time interval between the end of disnlay-
ing the first mask until the beginning of

displaying the stimulus

Stimulus Time - length of time the stimulus is to be
displayed

insk Delay, - the delay between the end of displaying

the stimulus until the beginning of the
second mask

13




Mask Time, -~ the length of time the second mask is to
; be displayed

Prompting Delay - maximum time the system should wait
for a response before displaying =2
promptine message

5. STINLUS LIST. The stimuwlus list is a2 set of sym-

bols which are taken from the library to be used during =

varticular experiment. After entering STINMULUS LIST, the

system will request the user to enter the indexes for the
symbols to be used as the stimulus list. The user also
will be requested to specify whether the symbols should be
displayed in order from the stimulus list, or if the sys-
tem should take them in a random order.

6. DISPLAY SEQUENCE. This command allows the user

to enter parameters to control the sequence in which sym-
bols =re displayed during the experiment. One option
which can be specified is the acknowledgement symbol to be
used. The user may 21so choose a2 reinforcement ovtion
which causes the system to display 2 correct/incorreci ack-
nowledgement after each subject response.
Another ovtion the user can specify concerns the re-
moval of a symbol from the stimulus list based upon the
E subjects responses. ‘ihen this option is chosen, the user
l will be reguested to input the number of consecutive times
the subject must correctly respond to a2 symbol for the sym-
bol to be removed from the list.
In a2ddition, the user can also choose 2n option which

causes the system to redisplay the same symbol if the sub-
Lo

14
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jJect responds incorrectly.

T. PRINT. The system must be capzble of producing a
orint-out of the symbols and subject resnmonses during the
execution of the experiment. The PRINT command 21lows the
user to specify that the system is to print the index of
the displayed symbol, the symbol display dynamics, the sub-

ject's response and response time.

8. 3ET-UP PARAMETERS. The system must allow the

user to store all of the set-up parameters used for a par-

ticular experiment. The SET-UP PARAMETERS command allows

the user to enter the 3TORE, RELOAD, PRINT and ERASE op-

tions. Yith the STORE option, the user can specify that
the current set-up parameters are to be retained in nerma-

nent storage for later use. The RELOAD option allows the

user to recall a2 previous set of parameters and the PRINT
option causes the current set-up parameters to be printed
out. The ERASE option is used to delete a set of parameters
from permznent storage.

9. END SET-UP. This command causes the system to
exit the Set-Up mode and to return to the executive mode.

Experiment Execution Mode. After the set-up parameters

and options have been specified, the user can command the
system to begin executing the experiment. ihen the system
enters this mode, it will ouvput 2 message to the exveri-
ment subject, reguesting that identification information
(name, date, etc.) be inputted. The system will continue

to display this recuest until a response is received from

15




the subject or the user enters the END EXPERIMENT MODE in-~

struction.
If the subject responds with an ID, the system will
then display the acknowledgement symbol indicating that

the test is about to begin. The system will then begin dis-

i vlaying the mask, stimulus symbol, mask and =2cknowledgement
!t symbol sequence =2ccording to the set-uv parameters. For

each response from the subject, the system will record the

displayed symbol, the symbol displsy dynamics, the subject's

response and respounse time. The exveriment will continue

-

to run until the subject enters the STOP command, which will

cause the system to outout 2an "end of exveriment" message.
The system will then redisplay the request for ID informa-
{ tion in preparation to test another subject.
The system will allow the subject to input two special

responses. The first is an indicator that the subject hss

hit the wrong key when making a response. This indicator
can be given between the time the subject has responded to
2 symbol and before he responds to the next symbol. IT
] ' the subject indicates that he has hit the wrong key, the

-

{ system will flag the stored data for his response and the
y - |

:} i experiment will continue. The second special response is
?j ‘ an "I don't know" indicator, which the subject can use if
: he is not sure what the displayed symbol was.

f Data Analysis lode. The system must be capable of

verforming analysis on the results of one or more experi-

ments. To accomvlish the analysis, the system is recuired

‘J'-h- e, e T
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¥
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to generate confusion matrices and also to perform = col-
lapsing routine.

There are three different confusion matrices which are

by
-

to be generated. s an example, assume the following for

the results of an experiment:

S5ymbol Presented Subject Response Reaction Time
Ry A 2
A C . 6
B i o4
E F .5
D D .6

Response Response Response
o ABCDEF ABCDEF ABCDEF
mber T . o

S X 0 Y Y 3 o N = - B B
§ B times § B o] time B o/
vc v 8c
%D 1 B 6 ap 100
SE 2 éE % SE 100

F F Er
3 @ )

(2)Responses (b)Response (c)Percentzge

Time

Figure 1. Sample Confusion Matrices

Pigure 1(2) shows the first type of confusion matrix,
which gives the number of times a given symbol-presented/
subject-response occurred. In Figure 1(b), the subject's
response time is plotted. Figure 1(c) shows the vercentage
of times =2 given symbol-vresented/subiect-response occurred.

A collapsing routine uses a predictor matrix to reduce
the data contained in a confusion matrix into a more use-
ful form. The collapsing routine consists of performing a

comparison of a confusion matrix with a given predictor ma-

17
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trix (see Fisure 2). The comparison is accomplished by
first finding the cells in a confusion matrix which cor-
resvond to a2 given rank (order number) of the predictor
natrix, or which correspond to 2 given rance of absolute
distance taken from the vnredictor matrix. The value con-
tained in the corresponding cells of the confusion matrix

are then summed to vnroduce the degired result.

A 3 1 2 4 5
10 \Jao\J25\/68\|2.0\]100 St
2 4 5 1 3
Blaal1oN\]50\ |60\ |18 \[25 / ey e
C 5 3 ] 2 a
60\ |45\ 10\ |25\ [40\ /50
a4 5 3 1 2
2 40 \/58 \[30 \[1.0 \[20\ |25 Ag?gg:\ie
5 N3 N4 [\2 e
Eles\l26 48 \[1.8 \[1.0 \[1.5
NG NG N N2 [\
38\ /3.0\/65 \ |20\ [1.6 \[1.0

Pigure 2. Sample Predictor Matrix

For example, the confusion matrix in Figure 1(b) could
be collapsed using the predictor matrix of Figure 2 to give
the Rank 1 reaction time. First, the rank 1 cells from Fi-
sure 2 are found (cells AC, BE, CD, DB, EF, 2nd ®E). Then
the entries in the corresponding cells of the confusion ma-
trix are found (the entries are 0.6, 0.4, and 0.5). The

values of the entries are then summed to give 2 result of

1.5.

18




The following is a summary of the commands used during

the analysis mode:

LOAD DATA - this command allows the user to enter the
ID for each of the experiment recultes which
are to be analyzed

CONFUSION {option) - after this option is entered, the
user can specify which confusion
matrices are to be generated

d RESPONGSE - generates response confusion matrix

REACTION TIME - generates reaction time confusion
matrix

PERC sNTAGE - generates percentage confusion matrix
PRINT - outputs the generated confusion matrix
PREDICTOR (option) - this option =2llows the user to en-

ter a predictor matrix and perform
a collapsing routine

ENTER - after this command is entered, the system i
will recuest the user to input = predictor
matrix
RANK, number - this command causes the system to col-
lapse the confusion matrix based on

the given rank number

ABSOLUTE DISTANCE, rancge — this command causes the
system to collanse the con- L

fusion matrix based on the
given absolute distance
range

S e wrere
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ITI. FORMAL FUNCTIONAL SPECIFICATIONS

Introduction

The formal functional specifications of the system
were developed using structured analysis, as mentioned in
Chapter II. Structured analysis consists of creating mo-
dule diagrams using a blueprint like language. These dia-
grams show a “"top—-down" decomposition of the system being
analyzed, from both an activity and a data-oriented per-
spective as defined below.

Structured analysis uses the concept of modularity to
analyze complex system structures by successively brezking
dovn the subject matter into smeller, well defined modules.
The gozl of structured analysis is to break the system down
into modules which are small enough to be easily understood
and whose interfaces with other modules can be clezarly seen.

To describe a complex system comvletely, there are two
basic aspects which must be covered: the functions per-

formed by the system and the things uvnon which the functions

jo 7

act. In structured analysis, the functions are czile
"activities" and the things are called "data". Structured
analysis decomposes the system twice: once based on its
activities (called the activity model) and again in 2 sevpa-
rate model based on its data (called the data model). Thus,
the system is examined twice, resulting in a2 thorough func-
tional specification of the system.

The next section of this chapter nresents the =2ctivity

20




model for the system. The last section of the chapter

nresents the data model. The rezder is referred to Annen-
dix A for = presentation of how to read structured ana2ly-

sis diagrams.

CTIVITY DECOIFOSITION

"' Node

A=D
AD
Al
All
Al z
Al3
Al/Z
Al15
A2

o

Title Page

]
Perform Percention Experiment (Context) 2
Perform Perception Experiment 23
Process User Commznds 25

Get V2lid Command

Handle HBet-Up Parameters
Perform Library Function
Perform Disvlay Function
Give Terminzl Responses
Execute Lxperiment

Do Experiment Secuence
Perform Analysis

SN |

\) N
=]

I T

2 la

0 OV It

v

5
o

DATA DECOMPOSITION

Node

D=2

DO
Dl
b2
E

D4

-T-- R
sy Lo

¢
i
&
!
]
}

HJ
>

Fitle

Perception Lxperiment Data (Context)
Perception Experiment Data

Symbol Library

Experiment Set-Un Data

Experiment Data

Analysis Data

S By S P
3 O wd STHOU NS
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AOQ Text. The set-up parameters (101) are obtained
from bulk input (1I1) or from the user set-up commands
(1C1). Once the set-up parameters have been generated,
they c=an be outnutted (101) to be stored or they czan be
used to control the execution of an experiment (2Cl). Exe-
cute Experiment (2) produces the experiment results (201),
vhich ean be outputted or they can be inputted (2I1) to
Perform An=lysis (3). Perform Anzlysis (3) uses the experi-
ment results and the bulk innut (3I2) to 2nalyze the re-
sults of experiments, subject to the user commands (3C1l).
The bulk inout (2I?) can consist of the results of other
experiments 2nd other data necessary to =2ccomplish the an-

alysis (e.g., 2 predictor matrix).

24
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g e e

Al Text. User set-up commands (1€1) are checked to
determine if they =are valid by (1). If the commond is in-
valid, =2n error message is generated (102). PFor vzlid com-
mands, (1) determines if the command »arameters have been
inputted, and recuests the user to input these narameters
(101) if they h2ave not been entered. Get V21id Commond (1)
also determines if the command is a library command (102)
or any of the other set-up commands (104).

The other set-up commands (2€1l) are used by Handle
Set-Up Porameters (?) to generate the set-un parameters
(201) or to control the ceneration of the set-up narzmeters
(201) from bulk inputs (2I1). If (2) receives 2 valid com-
mand which has invalid command vparameters, an error mes-
sage (202) is outputted.

V2lid iibrary commands (2C1) are used to control the
performance of library functions (3). For a library LIST
command, the requested output (2072) is sent to (5). Li-
brary ALTER commands are performed by (4)., which gets the
parameters (4I1) from (2). If (2) receives invalid para-
meters for a command (e.z., 2an invalid symbol index) it

outputs 2an error message (301).
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All Text. Check Command (1) inputs user commands

(1I1) and checks if the comm2nd is valid and if the neces-
sary command varameters have been inputted. If the command
is inv2lid, an error message (101l) is outputted. Por a va-
1lid command which does not have the necessary command nara-
meters (2C1), Get Parameters (2) outvuts a reguest (201)

for the parameters. The varameters are inoutted (2I1) which
results in a valid command with parameters to be outputted

(202) to Determine Type Command (3).
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A1” Text. Check Parameters (1) receives set-up com-

mands (1C1) or bulk set-up parameters (1I1) =2nd checks
their validity. If an error is found, an error message
(101) is generated. Valid varameters (1I2) are nassed to
(2) 2nd (3). Temporary Parazmeter Store (2) stores the pa-
rameters for use by A2; Permanent Parameter Store stores
the symbols also, 2nd when directed by user commands Fanay.
cenerates 2 nermanent copy - of the parameters (201) which

can later be loaded =2s bulk set-up parameters.
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Al Text. Determine Command Tyve (1) determines which
library command has been inputted (1I1) =2nd outouts the

command to the appropriate module. Symbol parameters

T e 200 4 }O?) are generated by the create function (2) or by
recalling the_navqmeters (3) from-the _symbol library. For
the STORE command, the symbol narameters generated by the T
create function (201) are stored in the symbol library by
(4). Get Symbol Parameters From Library (3) generates an
error message (301) if the index inputted by the user is
not in the library. Similarly, Perform Library Addition
19 (4) and Perform Library Deletion (5) vnroduce error mes-
S
._-~—~“§EEUS~44©l+ﬁigll“if“jgguziii~?nnuts an invalid index.
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Al4 Text. Process Alter Function (1) checks the va-
1lidity of the alter command parameters and produces an er-
ror message (101) if the parameters are illegal. Alter

commands with valid varameters (102, 102, 104, 105) are

L C

R e .. P2ssed to the appropriate module which generates the neces-

‘ snfy parameter modifieations (201, 201, 401, 501). The p=-

' remeter Modifieations (ec1, 6C2, 6C3, 6C4) are used by
Drive Display (6) to manipulate the display outnut (601).
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A2 Text. After the subject has entered his ID infor-
mation (2C1), Do H“vmeriment Secuence (2) displays =2 sti-
mulus (201) accordine to the set-un parzmeters (2€c2). The

stimalus characteristics (702) and subject resvonses (201)

] are passed to Record Results (4) which produces the exveri-

ment resulte (401). q
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A?2 Text. Get Acknowledgement Symbol (1) uses the

set-up parameters (1C?) to output the acknowledgement sym-
bol characteristics (101) and informs Generate liasks (2)
that the symbol has been displayed (2Cl). Generate lMasks
(2) outputs the mask characteristics (201) =2nd informs (2)
that the mask has been displayed (3C1l). Generate Stimvlus

(2) then outputs the stimulus characteristics (301) based

on the set-up parameters (3C2).
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A? Text. Determine Function (1) receives the user

anzlysis commands (1C1l) 2and passes the commands to the =p-
propriate module. Load D=tz (2) inputs the experiment re-
sults (2I1, 2I2) and passes them to (3). Generate Confu-

sion Matrix (3) produces the confusion matrix (301) based

on the user commands (3CZ2). The confusion matrix (301) is
then outputted or it is passed to (4), depending on the

user commands (4C?2). Perform Collavsing Routine (4) in-

puts the nredictor matrix (4I1) and produces the desired

results (401) based on the user commands (4C2).
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D) Text. The Symbol Library (1) is created from user

library commands (1I1). The library (1) can be =zccessed

to output the index table (101) or to output = symbol

(102). The develop stimulus list zctivity (103) gets the

symbol parameters for the stimulus list from (1).
Bxperiment Set-Up Data (2) is produced by user con-

mands (2I1) and the develovn stimulus list activity (2I1)

or from the loading of bulk set-up parameters (2I3). The

validity of these inputs is checked (2C1l) before the innuts

are entered into (2). The Experiment Set-Up Data (2) can

be modified by user commands (2I7) or it can be =ccessed

to outvput specific entries (201) which it contains. Th

(>

performance of an experiment (202) zlso uses (2) to control

(

the experiment.

o

The Bxperiment Data (3) is created by the performance

nd

of an experiment (2I1) or from loading bulk experiment re-
sults (3I2). Experiment Data (3) can be outputted (201)
or it can be analyzed (302), subject to the user commands
(3C1) which are inputted. The 2nalysis of experiment re-
sults (4I1) creates the Analysis Data (4), which is mani-
vulated zaccording to the user commands which are given

(4C¢2) =2nd the predictor matrix which is inputted (4C1).
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Dl Text. The Symbol Library is compoced of the Sym-
bol Index Table (1) and the Symbols (2). The parameters
associated with a STORE command are used to make entries
into (1), subject to the v2lidity of the inputted index
(1e2). Phe LIST command (1C1l) and the index validity
(1C2) are used to control the outouttine of the index t2-
ble (101).

The store symbol activity (2C1l) uses (L) to control
the entry into (2) of symbol parameters associated with

a CREATE command (2I1). The DISPLAY, PURGE and STIMULUS

LIST commands constrain the use of (2) to create a stimu-
lus list (201), output a symbol (202) or to purge a sym-—
bol (203). Purging 2 symbol (203) causes the contents of

(2) to be modified (I2).
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MULUS LI3ST command (1I1) or by the loading of bulk nara-

Text. The Stimulus List (1) is crezted by the STI-

meters (1I?), subject to the existance of the stimulus
(1C1) in the symbol library. The Stimulus List (1) c2n be
outputted (101) or it can be used by the set stimulus =cti-
vity (102) during the verformance of =n exveriment. The
get stimulus activity is controlled by the stimulus list
modifications (which can remove a symbol from the stimulus
list) and by the redisplay option (1C2).

Symbol Display Dynamics Parameters (2) are created by

the DISPLAY DYNAMICS command (2I1) or by the loading of

bulk parzmeters (2I2). The contents of (2) can be outnrut-
ted (201) or it can be used to display 2 stimulus (202)
during the performance of an exveriment, subject to the
constraint of the get stimulus activity (2C1), =2nd the sti-
mulus time (2C2).

The Mask Characteristics (3) are created by the MASK
command (3I1) or by the loading of bulk set-up parameters
(2I2). Mask characteristics (3) are used to display m=zcks
(302) during an experiment (according to the mask times
(3C1)) or they can be outnutted (201).

Time Parsmeters (4) are produced by loading bulk na-
rameters (4I2) or from user commands. The parameters can
be outputted (401) or they can be used to control the use
of (2) and (3).

The Display Sequence Parameters (5) =2re used to modi-

fy the stimulus list (1) or to constrzin the get stimulus




activity (102) by specifying that a stimulus be redis-

vlayed. These parameters (5) are created by the DISPLAY

3 SEQUENCE command (5I1) or by loading bulk set-up para-

meters (5I2).

{. 3
E
|
3

3 1

-

i 49

13
Y iy
gl
{
&
[
}




p}Dg juawidadx3 ‘gl 24nbi4 1

14
Wl | Swil
' ERV N IESEIRET o)
asuodsay
123lans
suondo €
julyd
od asuodsay
asuodsay 13afgns 3139
123(gns
1O
D1Dg o
Wwawiuadx3 SUORE0 2 re
ndino 1utldd
og
pakoidsiq sninWwisS 89
snInWiisS
L
$OIWDUAQ | SU01dO
Ab|dsig uldg uoI}bWJoU|
| 0 |0qWAS oqg oq IR
] UoI3DWIO JU|
al
i uollpwuJoju| | suondo
Qi 1sanbay EWM
€Q:9PON

e e —— k Pl

Vi

PRI X, L D s o e tlu.l"v

g
B Ao,




““”"TZ::::!IIlIE!5"""'""'?"F!-'-!!!E!!!!!lI!lll!lll!!lIlllllIlllllllllIII-..-.-..'!

D3 Text. ID Information (1) is vroduced by the sub-
ject inputs (1I1) after the information his been recuested
(1C3). This data (1) is outputted (1I1) if this is speci-

fied by the print option (1C1l).

The displayed stimulus (2) is created by the get sti-
mulus activity (2I1) and is modified according to the sym-
bol display dynamics (2C2). The stimulus index and modifi-
cations (2) are outputted (201) according to the print oco-
tion (201 ). i

The Subject Response (3) is created by the subject re-

sponding to a displayed stimulus (3I1). This data (3) is

outputted (201) when specified by the print option (4Cl).
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D4 Text. Confusion Matrices (1) are created by the
cenerate confusion matrix activity (1C1l) which uses the
experiment results (1I1). The resulting confusion matrix
(1) can be outputted (1LC1l) or it can be manipul=ated by the
performance of a collapsing routine (102) to produce (3).

The Predictor Matrix (2) is loaded (2I1) subject to
the user ENTER command (2C1). This data is also used in
performing a2 collapsing routine (201) to produce (2).

The performance of a collapsing routine using (1) and
(2) produces the Collavsed Data (3) according to the option

specified by the predictor command (3C1).

Summ%ry

This chapter has presented the functional model of

the system, which is the basis of the software design pre-

sented in Chapter iV. ————
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IV. DESIGN
B J e el
g e |
f;;;ggﬁéfrun\»"' |
\\ |
The purpose of the deé?ﬁﬁ“vhﬁﬁc,ip o development pro-
- \\“\.
ject is to definitize the functions =nd operations meTes~____ 1
sary to satisfy the system recuirements. As discussed in \M\jJ
Chapter I, this investigation does not present a complete
design phase. Rather, the intent is to design the soft-
ware structure which will be used in imvlementing the sys-
temn.
The approazach which is used in this investigation is
called structured design (Ref 5). This design method at-
tempts to reduce software complexity to make coding, de-
bugging and modification easier, faster and less expensive.
The symplicity of the design which is developed is enhanced
by dividing the software into separate pieces (modules) in
such a way that modules ¢an be imnlemented and modified
: with minimal consideration or effect on the other parts of
the systen.
The remainder of this chapter uses a graphical tool
; : called structured charts (Ref 7:547-587) to present the
&

software structural design which was developed. The inter-

=

: faces between the modules of the design are also given, to-
é gether with a functional description of each module. here
? approvriate, the module descriptions voint out any anti-
?_. cipated problems which may be encountered in implementing
dsi the module.
i

‘.
'
4
[
i

54




Structure Charts

The structure charts for the complete software design

~

are shown in Figures 20 thru 23. These figures present the

structure of the system executive, together with the struc-
ture of each of the system's three basic modes of oper=a-
o tions (Set-Up, Experiment Execution and Datz Analysis).

“The—following sections of this chapter discuss the details

e

of each vart of The-saftware structure,

—

System
Executive

3 3 5

Exper. Data Console
xecuti nalysis Output
xecutive, Ex

Interface

Console Set-up
Input Executive

IN ouT
AL ~— system commands
2 set-up command set-up parameters
3 gset-up parameters experiment results
4 experiment results analysis results
. 5 error messages —_—

-

Figure 20. System Executive Structure

’ ’ s

mn

System Ixecutive. ‘When the system is initizted, the

SYSTEM-EXECUTIVE outputs a message to the user stating that
f the system is executing the executive, and requesting the
user to input the desired mode of operation. If the user

e responds with any input other than SET-UP, EXPERIMENT EXE-

—tha
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Figure 21.

Structure of Set-Up Mode
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23. Structure of Data Anzalysis Mode
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CUTION or DATA ANALYSIS, the executive will output an er-

ror message and recuest the user to reenter the operation

ihen 2 valid operation mode is inputted, the 3YS5-

o
o8

IM-E{BCUTIVE will invoke (call) either the SET-UP-EXECU-
TIVE, the EXPERIMENT-EXECUTION-EXECUTIVE or the DATA-~-ANALY-
SIS-EXECUTIVE, depending on the user input.

The CONSOLE-INPUT and CONSOQLE-OUTPUT modules consist
of the routines necessary to control I/0 between the user
terminal and the system, while the system is executing the
SYSTEM~-EXECUTIVE. It is anticipated that most of the re-
guired rouvtines will be included in the operating system
or other software which is obtained with the hardwsre sys-
tem. The SET-UP-EXECUTIVE, HAPERIMENT-E{ECUTION-EXECUTIVE

and DATA-ANALYSIS-BEXECUTIVE are discussed separately belo
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Set-Up Mode. ‘/hen invoked, the SET-UP-BXECUTIVE (PFi-

gure 24) outputs a2 message to the user informning him that

Library andle
Executive Params.

Bulk Console
Input Input

[op)

120,
1L
L2
33

14

innut tyne set-up mode commands and
parameters
library commands and messages to user, display
parameters outnuts
set-up commands and messages to user
parameters
outout type, messages e

to user

display zu«tputs
console outputs
printer outputs

Display Console | |Printer
Output Output Output

Interface
IN OUT

bulk inputs

console innuts

the

-

Pigure 24

system is in the Se

. Set-Up Executive

t-Up mode. The user may then choose

one of the options sho'm in Table I. If the user enters

any other command, the

SET-UP-EXECUTIVE will outnut an er-

ror message and request the user to enter another command.

The

SET=-UP-EXECUTIVE re

turns control to the SYSTEM<EXECU-
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TIVE if the user enters the END SET-UP command., If the
user enters the LIBRARY command, the SET-UP-EXECUTIVE pas-—
ses control of the system to the LIBRARY-EXECUTIVE. For
my of the other commands in Table I, the HANDLE-3ET-UP-
PARANETERS module is invoked.

when 2 Set-Up mode module recuires =n I/0 overation,
an identifier for the I/0 device is passed to the SET-UP-
INPUT or 3ET-UP-OUTPUT modules. In the case of an outout
operation, the data to be outputted is also passed to the
SET-UP-CUTPUT module. The SET-UP-INPUT and SET-UP-OUTPUT
modules then invoke the appropriate subordinate modules to
perform the I/0 operation. The subordinate modules con-

tain the I/0 handlers for the particular device they con-

ck

rol. The DISPLAY-CUTPUT module will manivypulate the con-

n

tents of a buffer whose contents will be continuously

L

mapped onto the display device by a hardware displzy dri-
ver.

The LIBRARY-EXECUTIVE (Figure 25) is invoked when the
SET-UP-BXECUTIVE receives the LIBRARY commznd from the
user. The LIBRARY-EXECUTIVE responds by recuesting the

ser to choose one of the following opntions: Create,
Store, Display, Purge, Alter, List or End. If the user re-
guests any other function, the LIBRARY-SXECUTIVE will out-
put 2n error message and repeat the request. If the user
enters the END function, the LIBRARY-EXECUTIVE will return
control to the SET-UP-BXECUTIVE. For =any of the other

functions, the LIBRARY-EXECUTIVE invokes the avoropriate
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subordinate module, =2nd passes to that module any func-

tion parameters which have been inputted.

For the CREATE command, the LIBRARY-EXECUTIVE invokes

L ibrary
xecutive|

Create Store Display Purge Alter List

Interface

IN OUT
15 create parameters display code, user message
16 index, symbol params. user messages
30 index symbol params,user message
18 index user messages
19 alter function,params. display output, user mess.
20 1ist® funetion user messages, index

to-
ble, number of indexes

Pigure 25. Library Wode Executive

the CREATE module. The CREATE module and its subordinates
(Pigure 26) allow the user to enter the parameters which
define a symbol, and to output that symbol on the display
as it is being created. /hen invoked, the CREATE module
checks to determine if the user has entered any parameters
with the CREATE command. If no parameters have been en-~
fered, the GET-PARAMETER module is called to request the
user to enter a parameter. Only one parameter is passed
to the VALIDATE-PARAMETER module each time it is called,

so if the user has entered a series of parameters, the VA-
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LIDATE-PARAMETER module will be invoked once for ezch para-

meter in the series. If a varameter is invalid, the VALI-

Get Validate %onvert Tempor- Clear
Param Param nO'Eﬁir‘ é?g;e

Interface

IN O0UT
20 - user messages
22 varameter user message, valid param.
23 valid parameter display driver code
24 display driver code ——
29 —_ clear display command

Figure 26. Create Module =2nd Subordinates

DATE-PARAMBETER module returns an 2rror messhge.

A va2lid CREATE commznd parameter is passed to the CON-
VERT-TO-INTERNAL-FORK module. Althouch the ex=mct symbol
represenvation which will be used is not known, it is as-
sumed that the user inputs will have to be converted to =a
different form to be used by the DISPLAY-OUTPUT module, and
to be stored in the symbol library. The converted parame-
ter is vpassed to the DISPLAY-OUTPUT module and to the TENM-
PORARY-STORE module.

The TEMPORARY-STORE module accunulates the individual
converted CREATEF parameters %o define a complete symbol.

The =zccumulated parameters (called Symbol Data) are * -eated
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as an abstract data type (discussed in the last section of
this chapter). Abstract data types use the "information
hiding" approach by considering 2 data structure and its
accessing 2and modifying procedures as a separate module
(Ref 2:1056). Thus, the TEMPORARY-STORE module invokes the
TEMPORARY-SYMBOL-STORE module (Figure 40) and passes it

the symbol parameters which are to be added to the data
structure.

After all of the CREATE command parameters have been
processed, the CREATE module invokes the GET-PARAMETER mo-
dule and repeats the series described above. If the user
enters the CLEAR command, the CLEAR module is invoked to
clear the Symbol Data Structure and to clear the display,
in preparation for defining a new symbol. When the END
command is entered, control is returned to the LIBRARY-EXE-
CUTIVE.

The STORE module is called by the LIBRARY-EXECUTIVE
when the user enters the STORE command. The purpose of
this module and its subordinates (Figure 27) is to allow
the user to enter into the symbol library a symbol which
has been defined using the CREATE function. When the
3TORE module is invoked, it first checks to determine if
the user has entered an index for the symbol. If an index
has not been inputted, the GET-INDEX module is invoked to
request the user to enter an index. After the index has
been inputted, the STORE-SYMBOL-PARAMETERS module is
called. This module invokes the TEMPORARY-SYMBOL-STORE
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Interface

IN oOUT
26 —-— user message
27 index error message

Figure 27. Store Module and Subordinates

module (Figure 40) to retrieve the Symbol Data. The Sym-
bol Data and index are then passed to the LIBRARY-MANIPU-
LATION module (FPigure 41) to add the index and Symbol Data
to the symbol library. (The symbol library and its index
table are treated as an abstract data type). If the LI-
BRARY-MANIPULATION module returns an indicator that the
index is already in use, the STORE-SYMBOL-PARAMETERS mo-
dule will return a message to the user indicating that the
STORE operation was not performed.

‘"hen the user wants to display a symbol that is
stored in the symbol library, he inputs the DISPLAY com-
mand to the LIBRARY-EXECUTIVE. The LIBRARY-EXECUTIVE then
invokes the DISPLAY module (Figure 28), which checks if the
user has inputted a symbol index. If an index has not been
inputted, the GET-INDEX module is called to output a2 mes-

sage to the user requesting that an index be inputted. The
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index is passed to the GET-SYMBOL-PARAMETERS module which
uses the LIBRARY-MANIPULATION module (Figure 41) to fetch
the symbol parameters from the library. If the LIBRARY- |

Get Get
Index Symbol
Params.

Interface
IN OUT
28 ——— request for index

29 index error message, symbol
parameters

Figure 28. Display Module and Subordinates

MANIPULATION module returns an indicator that the index was

not found in the library, the GET-SYMBOL-PARAMETERS module
outputs an error message to the user. The symbol para-
meters are passed to the SET-UP-OUTPUT module, which dis-
plays the symbol.

The LIBRARY-EXHCUTIVE invokes the PURGE module (Fi-
gure 29) when the user enters the PURGE command. This
module checks to determine if the user has entered an in-
dex, and if he has not, the GET-INDEX module is called to
output a reguest for an index. The index is passed to the
DELETE-SYMBOL module which passes the index and a purge
function to the LIBRARY-MANIPULATION module (Figure 41).
If the index is not in the library, the DELETE-SYMBOL mo-

65




dule returns an error message to the user.

If the user wants to test the effects of symbol dis-

Interface

IN O0UT
30 —_—— user message
31 index error message

i
!
1
#el
{5
{ i
T 5
{
'

Figure 29. Purge Module and Subordinates

play dynamics on the symbol which is currently being dis-
played, he inputs the ALTER command to the LIBRARY-EXECU-
TIVE, which invokes the ALTER module (Figure 30). The AL-
TER module checks if an alter function has been inputted,
and calls the GET-VALID-FUNCTION module to output a re-
quest to the user if a function has not been inputted. The
GET-VALID-FUNCTION module calls VALIDATE-FUNCTION to check
if a legal function has been inputted, and returns an er-
ror message if the function is invalid.

After a valid function has been inputted, the GET-VA-
LID-FUNCTION module reguests the user to enter the function
parameters, and invokes the CHECK-SYMBOL-DISPLAY-DYNAMICS-
PARAMETERS to determine if the varameters are legal. If
the parameters are ii. . al, GET-VALID-PARAMETERS requests

the user to reenter the parameters.
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41
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l Rotate eg?elte Jitter Vibrate
Interface
IN OUT
32 function user messages, valid func.
33 wvalid func. & params user messages, valid params
34 wvalid func. & params display driver code
35 function error message
36 params, valid func. error message, valid params
37 wvalid rotate params display driver code
38 wvalid add/delete params | display driver code
39 wvalid jitter params display driver code
40 wvalid rotate params display driver code
41 rotate params error message, valid params
= 42 add/delete params error message, valid params
; i 43 jitter params error message, valid params
; l 44 +vibrate params error message, valid params

Figure 30. Alter Module and Subordinates

When the user has entered a legal function, with va-
1id parameters, the PERFORM-FUNCTION module is invoked,

which in turn calls the appropriate subordinate module to

67

?
P
3
{
}




R o

perform the function. The PERFORM-ROTATE, PERFORM~ADD/
DELETE, PERFORM-JITTER and PERFORM-VIBRATE modules then
output the display driver code to manipulate the display
to perform the function.

After an alter function has been processed, the ALTER
module repeats the above seguence, thus allowing the user
to perform a combination of functions simultaneously. The
ALTER module continues to request and process alter func-
tions until the END ALTER command is inputted, which dis-
continues the alter function operations and returns con-
trol to the LIBRARY-EXECUTIVE.

The PERFORM~ROTATE, PERFORM-ADD/DELETE, PERFORM-JIT-
TER and PERFORM-VIBRATE modules handle the operations dis-
cussed in Chapter II. The algorithms which must be per-
formed by the modules have not been investigated, primarily
because the hardware drivers which will be used have not
been defined. Although each alter function is represented
by a single module, these modules are very complex, requir-
ing many subordinate modules for each function. In addi-
tion, the problems 2associated with performing simultaneous
functions have not been investigated.

The final library command to be discussed is the LIST
command. This command has options to output the number of
symbols in the symbol library or to output the indexes of
the symbols in the symbol library. When the LIST command
is inputted, the LIBRARY-EXECUTIVE invokes the LIST module
(Figure 31), which checks if the user has inputted an op-

68




'p-r"r"“”-——n-nllul=f R ——

tion. The LIST module invokes the GET-NUMBER-OF-SYMBOLS
or GET-INDEX-TABLE module depending on the chosen option,

or returns an error message if an invalid option is cho-

:ﬁ;tmn §;ﬁ§f:- Eﬁ&:
Interface
IN OUT
45 —_— user message
46 —_— number of indexes
47 —— index table

i

!

i

k.
;‘:‘,
B
E
* 9
}

Figure 31. List Module

sen. The GET-NUMBER-OF-SYMBOLS and GET-INDEX-TABLE both
use the LIBRARY-MANIPULATION module (Figure 41) to per-
form their functions.

The HANDLE-SET-UP-PARAMETERS module (Figure 31) is
invoked when the user enters a command from Table I other

than LIBRARY or END SET-UP. This module and its subordi-

nates validate and store the set-up parameters which will
be used during the execution of an experiment, and perform
the set-up parameters functions.

For a commzand other than SET-UP-PARAMETERS, the VALI-

DATE~PARANMETERS module is invoked. This module first de=
termines if the user has entered the parameters for the

command. If the parameters have not been entered, the
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51 - user message
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53 stimulus list params err mess, valid params
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56 print params err mess, valid params
57 display seq params err mess, valid params
58 sym disp dyn params err mess, valid params
59 static mask params err mess, static masks
60 dynamic mask params err mess, valid params
61 rotate params err mess, valid params
62 add/delete params err mess, valid params
63 jitter params err mess, valid params
64 vibrate params err mess, valid params
65 wvalid static params static masks

Figure 32,
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GET-PARAMETERS module is called to request the user to in-
put the varameters. The command and parameters are passed
to the CHECK-FOR-ERRORS module. This module invokes the
appropriate subordinate module to validate the;command va-—
rameters.,

Valid set-up parameters are treated as an abstract da-
ta type (called Current Set-~Up Parameters) as discussed at
the end of this chapter. The valid commands and parameters
are passed to the STORE-PARAWMETERS module which invokes the
SET-UP-PARAMETERS-MANIPULATION module to enter the parame-
ters into the Current Set-Up Parameters data structure.

The CHECK-STIMULUS-LIST-PARAMETERS module uses the
LIBRARY-MANIPULATION module to check that the indexes which
are inputted for the stimulus list are contained in the
symbol library. At this point in the design it has not
been determined if the stimulus list will only contain the
indexes for the symbols, with the appropriate parameters
being retrieved from the symbol library when the stimulus
is needed.

Ag discussed in Chapter II, the system is required to
generate and store static masks before beginning execution
of an experiment. Thus, CHECK-STATIC-PARAMETERS invokes
the GENERATE-STATIC-MASKS module if the mask parameters
are valid, and this module produces the masks. The static
masks are then passed to the STORE-PARAMETERS module which
enters the masks into the Current Set-Up Parameters data

structure.
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Figure 33. Perform Set-Up Parameters Function Module

The PERFORM~-SET-UP-FUNCTIONS module and its subordi-

nates (Figure 33) execute the

which were discussed in Chapter II.

ET UP PARAMETERS commands
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invoked by the HANDLE-SET-UP-~-PARAMETERS module, it first
checks if the user has inputted a command option. If an
option has not been entered, GET~OPTION is invoked to out-
put a request to the user.

The STORE module is called if the user chooses the

STORE option. This module and its subordinates store the

Current Set-Up Parameters in permanent storage. When
called, the STORE module checks if the user has entered an
index and uses the GET-INDEX module to reguest an index if
one has not been entered. The index is passed to the VA=~
LIDATE-STORE-INDEX module which determines if the index

is not already in use (this will probably be done using
operating system file management routines). If the index
is invalid, an error message is outputted to the user. For
2 valid index, the STORE-BULK-SET-UP~-PARAMETERS module is
invoked to store the parameters in a permanent file (again
uging operating system routines).

If the user enters the 3ET-UP PARAMETERS print option,

the PRINT module is invoked. This module uses the SET-UP-
PARAMETERS-MANIPULATION module to output the Current Set-
Up Parameters to the printer. The RELOAD and ERASE modules
recall and purge set-up varzmeters which were saved using
the STORE option. Both of these modules (and their subor-
dinates) function in a manner similar to the STORE module:
they check if an index has been inputted, validate the in-
dex and then the operation is performed using operating

system routines. In addition, the RELOAD module uses the
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SET-UP~PARAMETERS-MANIPULATION module to enter the re-

trieved parameters into the Current Set-Up Parameters data

structure.

Experiment Execution lfode. When the user wants to ex-—

ecute an experiment, he inputs the EXPERIMENT EXECUTICN

command to the SYSTEM-EXECUTIVE, which then invokes the
EXPERIMENT-EXECUTION-EXECUTIVE (Figure 34). This module

82
Console Perform Experi-
Input Experi- ment
Py ment ut
83 84 85\ 86
onsole | IDisplay |[Mass Printer

Output | [Output [[Storage [lo,iput

Interface
IN OUT
80 — subject ID & response
81 subject response subject messages, experi-

ment results

82 messages, ID info, disp
driver code, exp results ———

83 messages —
84 display driver code e
85 1ID info, exper results -
86 1ID info, exper results ———

Pigure 34. Experiment Execution Executive and Subordinates

outputs 2 message to the user stating that the system is

in the Experiment Execution mode. The PERFORM-EXPERIMENT
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module is then called to handle execution of the experi-
ment. ‘While the system is in the Experiment Execution
mode, the CONSOLE-INPUT and EXPERIMENT-OUTPUT modules ma-
nage the system I/0.

In addition to user messages, the EXPERIMENT-OUTPUT
module is also passed the experiment results, which con-
sists of the stimulus displayed, subject response and sub- ‘ﬁ
ject response time information. This information is passed
from the PERFORM-EXPERIMENT module to the EXPERIMENT-OUTPUT !
module for each stimulus displayed during the experiment.
The EXPERIMENT-OUTPUT module passes the experiment result
information to the MASS-STORAGE module and to the PRINTER-

OUTPUT module (if this option is specified in the set-up
. : parameters).

When the PERFORM-EXPERIMENT module (Figure 35) is in-

.

erform
Experi-
'ment
87
Get Perform
ID SEwe
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- Interface
2 IN OuUT
87 - ID request
88 subject response stimulus, masks, exveri-
ment results
89 — end experiment messageo

Figure 35. Perform Experiment Module
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voked, it calls the GET-ID module to request the subject
to input ID information (name, date, etc.). This request
will be displayed on the console until the ID information
is entered, or the Experiment Execution mode is termi-

nated by inputting the END EXPERIMENT MODE command. After

the subject enters the ID information, the PERFORM-EXPERI-
MENT-SEQUENCE module is invoked. This module controls the
experiment until the subject enters the STOP command, at
which time the END-EXPERIMENT module will be invoked to
output an "end of experiment" message. The GET-ID module
will then be invoked again, and the above sequence will be
repeated for the next subject.

The PERFORM-EXPERIMENT-SEQUENCE module and its subor-
dinates (Figure 36) use the set-up parameters (which were
created in the Set-Up mode) to control the experiment.
These modules 2ll have access to the Current Set-Up Para- f
meters data by using the SET-UP-PARAMETERS-MANIPULATION mo-
dule which is discussed at the end of this chapter.

When invoked by the PERFORM-EXPERIMENT module, the

PERFCRM-EXPERIMENT-SEQUENCE module calls the ACKNOWLEDGE-
MENT-SYMBOL module to output the acknowledgement symbol,

l indicating that the experiment seguence is about to begin.

The MASKS module is then called to output the first mask.
The MASKS module and its subordinates recall the stored

static masks or generate dynamic m=sks, depending on the

set-up parameters.

After the first mask is displayed, the STIMULUS mo-
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Figure 36. Perform Experiment Sequence and Subordinates

dule is invoked to output the appropriate stimulus. The

MASKS module is then called to output the second mask.

Next, the RESPONSE module is called to output the reinforce-~
ment symbol (using the REINFORCEMENT-SYMBOL module), record




the subject's response and response time (by invoking COM-
PUTE-RESPONSE-TIME), and to make changes to the stimulus
list according to the set-up parameters (by calling MODI-
FY-STIMULUS-LIST). The ACKNOWLEDGEMENT-SYMBOL module is
then invoked to begin the next display secguence.

The STINUIUS module (Figure 37) invokes the GET-STI-

Stimulus
Modifica-
o-LIONS o

rdered | [Random lgerform Pegzorm Perform | {Perform

List List otate |Add/ Jitter | Jvibrate
Interface
IN OUT
103 e stimulus
104 stimulus modified stimulus
105 —— stimulus
106 —_— stimulus
107 stimulus rotated stimulus
108 stimulus add/deleted stimulus
109 stimulus jittered stimulus
110 stimulus vibrated stimulus

Figure 37. Stimulus Module and Subordinates

MULUS module, which checks the set-up parameters to deter-
mine the algorithm to use for selecting a stimulus from the
stimulus list. The ORDERED-LIST or RANDOM-LIST module is

then invoked to choose the stimulus. The stimulus is
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passed to the STIMULUS-MODIWICATIONS module. This module
checks the set-up parameters to determine which symbol dis-
play dynamics should be performed.

Although the algorithm to be used by the RANDOM-LIST
nodule (to select a stimulus from the stimulus list) has
not been developed, this module should not be difficult to
implement. However, as mentioned previously, the ROTATE,
ADD/DELETE, JITTER and VIBRATE modules will probably be
very complex and the problems associated with performing
simultaneous display dynamics functions have not been inves-

tigated.

Data Analysis Mode. The Data Analysis mode allows the

* user to perform data reduction operations on experiment re-

sults. ‘Then the user inputs the DATA ANALYSIS command to

the SYSTEM-BEXECUTIVE, the DATA-ANALYSIS-EXECUTIVE (Figure

38) is invoked. This module then outouts a message to the

user informing him that the system is in the Data Analysis
mode. The ANALYSIS-INPUT module handles the input opera-
tions for the analysis mode. hile in the Data Analysis
mode, the system receives user comminds from the console
(handled by the CONSOLE-INPUT module) and also inputs ex-
periment results and predictor matrices (handled by the
BULK~INPUT module) as discussed in Chapter II. Outputs
from the Data Analysis mode are handled by the ANALYSIS-
OUTPUT module. These outputs consist of requests to the

user and bulk outputs which are handled by the CONSOLE and
PRINTER modules, respectively.
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Figure 38. Data Analysis Executive

After the DATA-ANALYSIS-EXECUTIVE has informed the
user of the system operation mode, it invokes the PERFORM-
ANALYSIS module (Figure 29). This module invokes the LOAD-
DATA module which reguests the user to input the ID for the

' experiment results to be analyzed. The LOAD-DATA module
then retrieves the appropriate experiment results. The
CONFUSION-OPTION module is then invoked.

The CONFUSION-OPTION module requests the user to in-

put the function to be performed, and returns an error mes-—
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Figure 39, Perform Analysis Module and Subordinates
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module then calls the appropriate subordinate module to
Ei perform the desired function. These subordinate modules

contain the routines to generate the confusion matrices

discugsed in Chapter II. If the user inputs the PRINT com-

i printer.

g
: L;" mand, the generated confusion matrix is outputted to the
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If the user enters the PREDICTOR command, the PREDIC-
TOR-OPTION module is invoked. This module invokes the GET-
PREDICTOR~MATRIX module to request the user to input a pre-
dictor matrix. After the predictor matrix is inputted, the
PREDICTOR-OPTION module recuests the user to input the type
of collapsing routine to be performed, and the associated
varameters. The RANK-COLLAPSE or ABSOLUTE-DISTANCE-COLLAPSE
module is called to perform the collapsing routine and out-
put the results.

Abstract Data Types. This section presents the struc-

ture charts and descriptions of the abstract data types in-
troduced in the preceding sections. An abstract data type
combines the data structure and its accessing and modifying
modules so that all the operations on the data structure
are performed through a single module.

The three abstract data types used in this design are
the Symbol Data, the Symbol Library and the Current Set-Up
Parameters. Symbol Data contains the symbol parameters
which are accumulated using the CREATE command during the
Set-Up mode. The Symbol Library contains the indexes and
symbol parameters of the symbols which the user has saved
with the library mode STORE command. The Current Set-Up
Parameters data structure contains the parameters which
are inputted during the Set-Up mode for use during the exe-
cution of an experiment. A summary of the operations (and
the corresponding input parameters) which can be performed

on the abstract data types appears in Table II.
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Table II
ABSTRACT DATA TYPE OPERATIONS

Symbol Data

OPERATION EQUIRED INPUT PARAMETERS
Add symbol parameters

Fetch ——

Clear ——

Symbol Library

OPERATION REQUIRED INPUT PARAMETERS

Store symbol index, symbol parameters
Purge symbol index

Recall symbol index

Count ——

Fetch ——

Current Set-Up Parameters

OPERATION REQUIRED INPUT PARAMETERS

Add set-up parameters, parameter type
Fetch parameter type

Reload set-up parameters

The Symbol Data is accessed through the TEMPORARY-SYM-
BOL-3TORE module (Figure 40). This module performs three
operations on the Symbol Data: Add, Fetch and Clear. iihen
the TEMPORARY-SYMBOL-STORE is called to perform the Add
operation, the parameters which are passed from the calling
module are entered into the data structure by the ADD-DATA
module. The Fetch operation is performed by the FETCH-DATA
module, which returns the contents of the data structure
to the calling module. The Clear overation allows the cal-
ling module to delete the contents of the Symbol Data.

The LIBRARY-MANIPULATION module and its subordinates

(Figure 41) manage the operations which can be performed

83




0
empora
lgympgolry
Store
Add Fetch Clear
Data Data Data
SYMBOL
DATA
Interface
IN OuT
O operation, parameters symbol data
1l symbol parameters R—
2 — symbol data
3 . SRS

Figure 40. Temporary Symbol Store Iodule

on the Symbol Library and its index table. The operations
that a calling module can request are: Store or Purge =z
symbol index and corresponding symbol varameters, Recall
the symbol parameters for a given index, Count the num-
ber of indexes in the index table and Fetch the index ta-
ble.

For the Store operation, the calling progrem passes
the symbol index and symbol parameters to LIBRARY-NMANIPULA-
TION. The LIBRARY-MANIPULATION module invokes the PERFORM-
INDEX~-OPERATION module with a recquest that the index be ad-
ded to the index table. PERFORM-INDEX-OPERATION first
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searches the index table (using SEARCH-FOR-INDEX) and, if

the index is found, returns an error condition to LIBRARY-

(0}
ibrary
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| 1
2
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3 4/ 5 6 P
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: 4  index, value ——
5 index, index location —-——
1 6 — index table
| : 7 — number of indexes
’ ; 8 location, parameters —
9 locaticn ——
10 1location gymbol vparameters

Figure 41. Library Manipulation Module

MANIPULATION. If the index is not found, ADD-INDEX is in-
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BRARY-MANIPULATION invokes PERFORN-SYMBOL-OPERATION to en-
ter the symbol parameters into the symbol library (using
ADD-SYMBOL).

The Purge operation is performed in = manner similar
to the Store operation: first the index table is searched
for the inputted index and if it is not in the table, an
error condition is returned. If the index is found, PER-
FORM~-INDEX-OPERATION invokes DELETE-INDEX to remove the in-
dex table entry. LIBRARY-MANIPULATION then invokes PERFORM-
SYMBOL-OPERATION to delete the symbol parameters from the
library.

To Recall symbol parameters for a given index, LIBRARY-
MANTIPULATION invokes PERFORM-INDEX-OPERATION to search the
index table. If the index is found, its value (the loca-
tion of the symbol parameters) is returned to LIBRARY-
MANIPULATION; if the index is not found, an error condition
is returned. The index value is then passed to PERFORM-
SYMBOL-OPERATION which uses RETURN-SYNMBOL-PARAMETZRS to
fetch the parameters from the library.

When the calling module recuests a Count of the num-
ber of indexes in the table, the PERFORNM-INDEX-OPERATION
module is invoked, which then invokes COUNT-INDEXES. The
contents of the index table can be returned to the calling
module by using the Fetch operation. This operation is al-
so handled by PERFORM-INDEX-OPERATION, which uses FETCH-IN-
DEXES to perform the overation.

The Current Set-Up Parameters data structure is ma-
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naged by the SET-UP-PARAMETERS-MANIPULATION module and its
subordinates (Figure 42). These modules perform the fol-
lowing operations: Add parameters to the data structure,
Tetch parameters and Reload the contents of the data struc-
ture.

When a calling module wants to enter new parameters
into the data structure, it calls the SET-UP-PARAMETERS-
MANIPULATION module and requests an Add operation. SET-UP-
PARAMETERS-MANIPULATION invokes the ADD-PARAMETERS module
which uses its subordinate modules to enter the parameters
into the data structure. No error checking is performed
on the parameiers, and the new parameters are written over
any parameters which may have been previously entered.

The FETCH-PARAMETERS module is used to perform the
Petch operations. A calling module can recuest a particu-
lar type of set-up parameters (e.g., the stimulus list or
mask parameters) or it can request that all of the parame-
ters in the data structure be returned.

The RELOAD-PARAMETERS module is used to enter an en-
tire set of set-up parameters into the data structure. The
Reload operation is recuested by the STORE-BULK-SET-UP-PA-

RAMETERS module (Figure 33) to perform its function.

(sl

Summary
This chapter has presented the design of the system

software architecture using structure charts. The func-
tional descriptions of each module and the interfaces bet-

ween modules was also presented.
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V. RESULTS AND CONCLUSIONS

Introduction

The vpurpose of this chapter is to discuss the results
obtained from the software structure design and the con-

clusions drawn from these results.

Results

The requirements definition for the Multimode Matrix
Display Perception Tests was accomplished in both an infor-
mal manner (Chapter II) and in a2 rigorous manner (Chapter
ITII). Recguirements definition is one of the most difficult
and most important phases of a development project (Ref 1:
5). The recuirements definition presented in Chapters II
and III provide concise and thorough functional specifica-
tions for the system, which allowed the development of the
design presented in Chapter IV.

The application of structured design techniques re-
sulted in a sound modular design which will be easy to im-
plement, modify and maintain. Most of the modules in the
design are relatively small, zllowing the function of each
module to be easily understood. The use of abstract data
types for the major system data structures provides the ca-
pability to make modifications in the implementation of
any module without affecting the interface to the data

structure.
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Conclusions

The application of structured analysis and structured
L design technicues during the early phases of a development
project helps to prevent a lot of problems frequently en-
! countered in the implementation of a system. Avoiding the
tendency to begin coding software early in the project not
only results in a better implementation of the system, but

3 it also avoids a lot of coding modifications which might

have to otherwise be made. For instance, there were many
changes made to the functional specifications and design

presented in this thesis. These changes were easier to

make at this early stage in the development cycle, and they
avoided the necessity of making any corresponding changes
in software code, since no code had been produced at this

point.

Recommendations

When this thesis was started, no decisions had been
made concerning the hardware which would be used to imple-
ment the system. This caused no serious problems with

accomplishing the work in this thesis, since it is usually

S

‘ better to perform the reguirements definition and the ini-
tial design phase of a project and use the results of this
work to decide on the best hardware to use. However, the

MMM project office recently ordered a PDP-11/45 minicompu-

ter system to be used to implement the perception test sys-
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was purchased be studied to determine the extent to which
this existing system can be used to directly support the
perception test system. TFor example, the operating system
should be studied to determine how much of its I/0 support
can be used to implement the I/0 modules described in Chap-
ter IV.

The symbol display dynamics modules (to perform the
Rotate, Add/Delete, Jitter and Vibrate functions) have not
been specified in detail. It is necessary to develop the
details of the interface between these modules and the dis-
play unit. After the interface has been defined, the algo-
rithms for the symbol display dynamics functions should be
developed. This will allow the design of the software
structure to be completed.

The next major step in the design phase is to develop
flow charts for each of the modules in the design. These
flow charts will provide a more rigorous specification for
the modules than the functional description presented in
Chapter IV. The flow charts should be developed in erough
detail so that the software code can be produced from them
in the chosen programming language.

Befbre coding is started, it is necessary to develop
the design specifications for the system. These specifi-
cations will consist of constraints on the system memory
gsize, response time and other constraints.

It is recommended that formal test procedures be de-

veloped. These test procedures will assure that the soft-
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ware performs as intended and that the system requirements

are met. The test procedures should provide for testing

on the subprogram level and on the full program.
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Apnendix A
READING STRUCTURED ANALYSIS DIAGRAWMS

Introduction

This appendix contains a brief discussion of how to
read structured analysis diagrams. For a more detailed
treatment of this subject, the reader is referred to Refe-

rence T.

Diagram Syntax

Structured analysis models are created by decomposing
a subject (in a top-down fashion) into smaller and smal-
ler pieces. The subject matter is treated twice: once
from an activity aspect (activity model) a2nd once based on
the subject's data (data model).

A structured analysis model consists of labeled boxes
and arrows. Inside 2 box, the name of the activity (for
an activity model) or data item (for a data model) is writ-
ten. In the activity case, the name contains & verb (to
express action) and in the data case it is 2 noun or noun
phrase (to express a data item).

The boxes of a diagram are connected together with ar-
rows, where the arrows represent interfaces between the
boxes. The four sides of a box are assigned a specific
meaning which defines the kind of arrow which may enter or
leave that side of a box. This is illustrated in Figure

43.
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i control

(activity
input ‘ name or output

data item)

mechanism

Figure 43. Structured Analysis Box Labeling

Each of the four types of interface arrows represents

a particular kind of interface. For an activity diasram,
the interfaces between activity boxes are data items, since
data is commonly passed back and forth between activities.
The interfaces between datza boxes for a data diagram are
activities, since the data item is created and used by ac-
tivities. The "mechanism" arrow is an exception to these
rules, since it represents the mechanism necessary to "rea-
lize the box". The mechanism arrow is usually not shown

| on the diagram, since the mechanism is usually evident from

| the title of the box. * '

’ The boxes of a diagram (called the parent) are decom-
posed into smaller boxes in another diagram (czlled the
child). This parent-child relationship is represented by

the node number assigned to a diagram. For example, if
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three, then diagrams "Al", "A2" and "A3" are the decomposi-

tions (children) of the respective boxes of diagram "AO".
In the same manner, the boxes of diagram "Al" (which can
now be considered a parent) can be decomposed in diagrams
"Allv, "Al2", etc., depending on the number of boxes con-

tained in diagram "Al".

Basic Reading Sequence

The following reading sequence is recommended, taking
the diagrams in a top-down order:

1. Scan only the boxes of the child diagram to gain
an impression of the module decomposition.

2. _ Using the parent diagram, rethink the message of

= e am— .
——

the parent module, observing the'éf¥BWS"feeding\tgAgggm_

from the parent module.

3. Referring back to the child module, see how and
where each arrow from the parent context a2ttaches to the
factors of the child module.

4. Next consider the internal arrows of the child
module to see the details of how it works. Consider the
boxes from top to bottom and from left to right. The ar-
rows should be examined in a clockwise manner, going around
each box.

5. Pinally, read the text for the child diagram to

confirm or alter the interpretation gained from considering

the diagrams themselves.
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