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Abstract

The ~u1ti—Mode Matrix Display Program is attempting

to test the acceptability of using light—emitting diode

displays in USAF aircraft. The informal and formal func-

tional specifications for the software necessary to per-

form the desired tests have been developed. Formal func-

tional specifications were developed using a technique

called structured analysis. The functional specifications

were used to design the software system. This design was

accomplished using structured design techniques. The soft-

ware design is presented using structure charts together

• with functional descriptions o. all modules and definitions

of the interfaces between modules.
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I. INTROD TJ CTI ON

-
~cof le

The Mul t i— R ode  Matrix Dis~lay ( MT1~T) n i -ej ec t  o f f i c e  is

att~~~~~in~ to develon l i gh t —e mi t t i ng  diode (L~~D ) d ise layr’

to renlac e CRT disp lays currently being used in USAF ir—

c r - f t .  Part of the e f fo r t  bein~ conducted  oy the ~Y~T of-

f ice  is to perform hu’i~•n fac tors  research on dot mat r ix

aymbo1O~ y t o determine the accentab il i ty  of us lnT L~ D d i —

nlays . dp ec if ical ly ,  the RRR o f f i ce  is interested in to’- —

tine: the e f f e c t s  on human percept ion cassed.  by the rotat ion ,

vibrat ion and degradation of an LED disnlay ima~ c.

Thi s thesis is c onc erned ith designing the soft . are

necessirv to accomplish the MIJ4 pro jec t  tes t  objectives ,

ithout r ahing any assum~tions conc erning the he.rd~ are ar-

chitecture ::hich 7111 be used to implement the system .

The softviare design consists of designing the necessary

subsystems , pro grams or mo dul es , sad their interconnections.

It is not the intent of this thesis to devl o~ desi n s’~~—

cifications or to produc e any program code.

Ob jectives
~~J 1J lhen developin~ com~uter soft~.’are there is a great

ten d enc y to start ~rod.ueing code at the very hc~~innin~ of’

the nro ject. This has proven to he a very n ear  nn r o -~ch

to sof tware ~eve 1onment , since these nrojects heve f~~er acnt—

ly experienced cost overruns, ni~ sed sche~ ulcs ansi lir run—

1
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tied users. Even in nrojects ~;here ton—do n structured

Pro r~r amming techniques were used , the resulting soft7•aro

has freruently been plagued aith problems . ~\ prime exam-

ple of this I -t t e r  case  is IBM ’s Nevi York Times system

xhich has many maintenanc e nroblems .

I . In virtually all of the above cases , the problems ‘xere

the result of poor softr;are design (or the 1ac1~ of any

soft’’are design). The primary objective or this thesis is

to avoid the problems mentioned above by designin~ the

system soft - are architecture .

To meet the primary objective , it is first necess~ ry

to develop the top—level sys-te-i ~ erformanc e speci f icat ions

on a functional basis. This consists of precisely des—

cri bing th e user input s to the system and the outnut s de-

sired by the user. The algorithms for  informat ion  stora~ e ,

transfer and maninulation are also described.

After the -functional specifications have been defined ,

the structure of the softv~are can he designed. The design

is accom~iished through the application of structured de-

sign techniques , v~hieh reduc e the com~lexity of programs

by dividing them into functional modules. This makes it

• j po ssible t o create complex systems from simple , rel et ively

independent modules. The resulting design facilitates the

debugging , modification and maintenance of the soft-.a’ e

system.
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Desi gn Coi i st r ain ts

Desi~ n const r si n t :-  . rc- th€  co n d i t i o n  ~~ ich snec if ~r

ho - ’. the pi T~- tem in to bc ~. i-- i mento’~. Thu ’ de si .~n con-

s t ra in t s  do not nec~~s - -  n i x  ~c ino the  na rt i •cu la r  items

;hich -:-iil be i~sed to re lix o  tiic - . ‘T5tP ~~. Pit iser , the y

ide nt i-f  l imi tn  - - ‘hi ch i 1~ t ’~y- lr e used in the se lec t ion  or

c reat ion  o~ thc~ Vv r d  ai e or soft’ a’re. - :hich is used to ~~~

n lcmcnt  the :sy, :tn I .

Good des i-~n nr act i ees  - . vise th ’~t details of the d c —

sign. -sn~ bindin-  imnle ient -~tj on  decisions , be na stn oned

to ist e r  nhases of the system life—cycle. Tynically this

is net th: - case hov:ever , sinc e a designer may  he given f l r c—

x •t  ax e ‘~sud gst  or hardx’ar e constr a in ts .  Frequently the d e —

5i -n cr is constrained to use a nar t icular  piece of hrrd ’,-:are

hich ]‘i’- x dree T. been purchased , even though that hard :’~re

may not r enu i t in the best imp lementat ion of the system.

Then this invest igat ion -‘as s s tarted , no firm dec isions

had been made concerning the har dr -~e re which soul d be u sed

• to imniement the system . It was assumed that a minico mnu—

ter  in the PDP—ll class woul d be used , but this assumption

had no im~ act on the design which was develop ed .  In ~ ‘1di—

• 

• t ion , no assumntions ‘:ere made concerning the onerating

system :,hich woul d be purc hased ‘.-;it h the system hardv :- -’ro ,
- - 

nor -;;ere any cost constraints imposed on the design . An a

result , the des ign  develoned in this thes is  made no ~~nnmp—

t ions concerning the c o nn u t e r  or peripheral devices  (I/c.

nnd storage) - rhich would be used. Therefore . the deni -n

3
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which is presented makes referenc e to “input from a. console”

or “output to mass storage” without giving any descrintion

of the part icular  device (or  possible op erat ing  sys t em rou-

t ines)  which will be used.

• Outline

The informal funct ional specif icat ions for  the systea

are discussed in Chn~ter II. Charter III presents the for—

sial functional specifications for the system using activity

and. ia-t a models which result from the appl ication of struc—

turec3. analysis. Chapter IV presents the software design

using structure charts together - - ith functional descriptions

• of the modules in the design. Conclusions are presented in

Chapter V along with recommendations for the e f fo r t  neces-

sary to complete the s o f tw a r e  d evelopment .

4
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II. R JIR~M.r~NT 3 DEFINITION

Introduction

The normal system life—cycle for a computer software

(or hardware) development project consists of the follovin~

seven phases (Ref  l :5— ~~) :  conceptual , requirement s def i—
S ni t ion , design , coding  and checkout , tes t ing and operation-

al. Requirement s def in it ion  is the second phase in the

system l i fe—cycle , ansi it is recognized as one of’ the most

critical of all the phases. It is during this ~hase that

a complete and consistent set of requirements is developed

for  the sys tem.

Numerous problems typically occur in p r o j e c t s  ‘- here a

~00~ set of ro~~u ir e m e n t s is not developed earl y in the pr o—

ject. dom e of the nroblems which have resulted are missed

schedules , cost overruns and cliesetisfieci users , sinc e the

system does not perform the way the user --‘ants (~ief ~:2).

• During the last several years , the com nuter industry

has become increasingly aware of’ the importanc e of require-

ments definition. ~3everal different methods or aids have

been developed to assist in developing good systes require—

ments. One of these methods is structured analysis ( T~ef 3 ) .

which provides a. graphic langun ge hich can be used to sne—

c i fy  the requirement s of a system (see  C hat e r  I I I ) .

A computer ized aid which has been developed is the

Problem dt at emont  Langne ge~~~roblem 3tatement ~na lyzer

(Ref  6 ) .  P~ L/P3A is a tool for  describing both the h ard —

~~I~~~~~r • 
—.-
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are and software of information processing systems ‘- ni re-

cording the descriptions in machine—processable for-i. 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 all or ‘any

selected part of the data. in the data base.

Reouirements definition typically deals ith three

d ifferent subjects (Ref 3 :L~): conte:-t analysis , function~i

specification and design constraints. Context an alysis

-deals primarily with the reasons ‘shy the system in to be

created . As discussed in Chapter 1, conte:’t anslysis is

considered beyond the scone of this thesis. Functional

specification is a ~escription of :hn t the system is to c—

conrolish in terms of the functions it is t o ~erfor-m , and

is discussed in the following section and in Chapter III.

The conditions snecifying how the system is to be im~lemen—

ted is the subject of the design constraints, which were

discussed briefly a.t the end of Chapter I.

Functional Jaecific~-t ions

General ‘Snncifications . The system to be design€- -~~

-- ill be used to nerform percention experiments. A tynical

percentina test connint~ of disnla.ying a sequenc e of symbols

• ~~~ roe or
’i~ a - ubjeet’s responses . The so~”t’- ”:re system

ill h-v ~ three basic no~ es of om er at ion: ~et—Uo , I~xoeni—

-sent ~ e’ ;inn n Lata \nal,v-— is.

Ti~ ‘~e t— T ’~e O o l e  of’ onern tion ‘-~llo -:r the user to enter

6
I

‘~ ~~~~~~ -~~~~~~~~~ -



test parameters to perform a narticul-ar o ,:neriment . During

this mode of operation , the system will outout a series of

messages to the user to choose the options an i ent er the

parameters to be used during execution of the exner-i-ncnt .

•ihen the system is put into the dxneriment dxecution

mo de , a tsesss,cre - ‘ ill be output to the ee:neriment sublect.

requesting the subject to enter identification infori-stion

(rr ’m e , date , e t c . ) .  The system will then begin disel~ y in~
a series of symbols (according to the parameters and o~ tions

entered during the ~et—U~ mode) and recording the symbols

nnd subject resnonses for later analysis.

The Data. Analysis mode of omeration is used to reduc e

the data. gathered during an experiment into a more unr?fnl

form. For e::annle , commands can be given to generate con—

fusion matrices or to execute colla’nning routines , as die—

cussed at the end of this chaoter.

-.‘hen the system is initialized (turned on), it a u T h

onerate in an executive mode which ill request the user to

choo se one of the three basic m o des of oner ati on. 7hen the

user si,shes to chanse from one mode to anothe~’, he :111

first enter a command to terminate the current node of

operation. The termination command causes the system to

return to the executive mode , from “hich the user can a—

main choose any of the basic modes of oy’eration.

The system must be designed so that it is easy to use.

Thus , the systen sill output requests to the user  to in—

rut cora~ inds , and the parajoeters associate-i with the corn—

7
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;mt : nd . Ho - -  ever , since a frequent user of the system ‘- ‘- - ill

nrohabiy not require the system to request the parameters

‘- a ssoc iat e - i  ‘:ith a command , the system ‘~ill allo- - the u:-’er

to input a. command and its. ~arametors ‘at the same ti-in .

Set—Un rode of’ O~ eration. This mode of o~ eration si-

lo s the user t o choos e the opt ion s and to inrut th e e r a —

meters to be used for a particular experiment . ihen ~ut in

the Set—Up mode , the system -ill output a message telling

the user that it is in the Set—Up mode. The user ‘i- -’y then

enter any of the commands from Tabl e I. If any other com-

mand is entered , the sys tem will re suond with an error mes—

sa•ge ‘nd r ecues- t that the command be reentered. A descrii~—

t ion of each of the co~,rns,nd s of T ab l e I folio ’s.

Table I
Set—Up C o m m a n d s

LIBRARY
1.: A$K~
SY~BCL DISPLAY DYN—’~yIS ;
TI’i1~ P ’~? ’\ T~ T~3
STIIVIULIJd LI3T
DISPLAY SEQUENC E
PRINT

- - -SET—UP P— ~RAyETER-3wNi) SET—UP

1 • LIBRARY. The system must provide the can ability

to input , store and recall a set of symbols. Jhon the user

enters the LIBRARY command , the system all re~ pond by re-

questing the user to choose one of the fol1o~aing func t ions :

CREAT E , STN,~~, DISPLAY , TUPf’7E , ALTdd , LI ST , or dN~). If any

- 
j ,_ . other command is entered , the system will resnond - ith ‘in

error message and request that the command be reentered .

8
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The CR --A T i~ command c auses the system to respond - - - -‘ith

a roe iest for the symbol charecterintics. The system ~‘,us.t

nrovido the canability to enter the characteristics of any

symbol , by defining the individual element s. of the dianisy

a ’-hich are to be lit or extinguished. The narameters can be

entered one at -a time , or a series of rarameters can be

• entered (e.g., narameter s1, nara qetcr 2 , • . . ) .  Th-e user c~ n

also spec ify that the iiselay be cleared, in preparation

for defining a ne’.: symbol

The 3TOid command causes the characteristics of the

syr:ibol which is currently ii~ played. to be entered into the

library. The system resnonds to the t~Tc~i~ comm-and by re—

cuesting that an index for the symbol be entered. hen the

index is entered , the system ~‘.ii1 check that the index is.

not identical to an inde:-~ already in use.  If the m ica is

invalid , the system all recue st that the user ent er a dif-

ferent index

To delete ~ symbol from the library , the user would

enter the PURGE command . The system .‘oul d resnond by rn—

questing an index number. If a. valid index number is en-

tered , the system would delete the corres:aonding s~~nboTh if

an invalid index were inrutted , the system :ould resnond

‘ -‘ith an error ucs-sane .

The DISPLAY command allows the user to dian lay  any

symbol  in the library . The sys tem resronds to the JIdl’L ’~~
cornri ind by renuesting the user to enter an index . If a

v--lid m dc;-: is innutted , the systea - ill dianlasy the cor—

-
. 
‘ 
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re se-an-~ in ’a synbol . Th ~~~’, ur a t e i  will rea-nonI ‘ i th  an error

w c s a - a~c if -an in-ex is. entered - -hich is not in the li,by-arar .

The ALT S~ coraa :~nd allo w; the user to test the symbol

disnl.ay L y n ’aaics .  A f t e r  this  coax -and is entered , the sys-

tem -“ il l  ro~ nest  the user to input a ROTATE , ~~~ /EE L :T .~~
JITTER or VI DRA T .~ funct ion , and the assoc iated  command n a—

rameters ( se e  ? below). The user may snecify that only

one , or a combination (e..~., rotate and vibrate) of the

f unc t ions ‘be used. The system “;ili respond by ‘performing

the selected functions on the symbol which is currently be-

ing iis.nlayed. Thus, th e ALT~R command allows the user to

rreview the effects of the symbol modifications prior to

performing the experiment . The ALTER functions v-till re—

main in effect until the END ALTER command is inrut ted , af-

t er whi ch the u s- er can ‘aga in enter any of the command s in

T able I.

The LIE T c o m m - an d  ‘allows the user to re uest the sys-

tem to output the inde;- :es of — all the symbols currently in

the symbol l ibrary or to output the nn .aber of symbols in

the library (by us ing  the ALL or NUMB ER o nt i o ns) .  ‘he n

the user enters the END command , th e system - -‘ill return to

the Set—U n mode of operat ion , where it will ag ain -accent

‘ny of the c o m m a n d s shown in Tabl e I.

7. :.i $K~;. t~uri n-g nerfor asuce or the 9 ;a~er iman t , t~ e

sys te m -ra y iaq rec uired to disniay a r- ndoa symbol (calls-i

a m a s k)  before an d/or  ‘af te r  the stimulus s~~ibol is u s —  - 
-

played . The system must be carable of nrndsc in-~ t~’-o h ints

10 
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of masks: stat-ic and dynamic .

d s-tntic rn-asIc is a symbol which has ran-ion ch-~r-acterin—

tics which do not change during the disnlay tine . The sys-

tem must be able to produc e and store these ‘axaask s ~rior to

performanc e of the exneriment . Dynamic ra asks .  ‘are random

• symbols which are c r eat e d  durin~ performanc e of the experi-

ment . Unl ike s tat i c  masks , d ynamic masks change arp e ;-ar - -anc e

during the dirniay time.

‘hen the ~-~Ai$K3 command  is entered , the system :ill i-e—

c-ue st the user to choose whether s-tatic or dynamic n~sks-

--are to be used. If the user enters STATIC, the system will

resnond by -asking the user to input the total number of

aL - a sks to ‘be generate d and stored , the ;n a;-:imun number of

elements to be lit for a ma sk and any constraints on the

randomness of the n-ark. The randomness constraints ill

consist of recuiring that the mask cons ist of line segmen t s ,

or a constraint on which aad~ -acent elements of a lit ele—

ment may also he lit.

For dynamic masks , the system will request  the user

• to input the time intervnl between lighting elements. The

system ‘ill also rec’uest the user to innut the pc’rsist’anc e

time for an element (the length of time an element is to

be lit) if an L~ D dinnlay is being used.

If the user does not resnond with either STATIC or

DYNAMIC, the syn~ em v iii outnut an error message an~ re—

cne st that the command be reneated. \rter the mash ch”rac—

teri st ics or END ont ion is innutte d , the system ‘ ‘ill return

4 ~
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to the Set—Un ,sod~ of onerqtion.

~~ . .~ThBCL DI SPLAY D YN A M IC - ; .  The sys t em must n ro—

vi d. e the can-abi l i ty  to ner form certain modi f ica t ions  (suc h

as ro ta t ion  or vibration) to the symbol displ ayed during

the perf ormance of the experiment . A f t e r  the SYJ iBOL DI d —

PLAY DYN AMIC S command is entered , the system will respond

by ask ing  the user to enter one of the -follo ’aing options :

Ec TA TE ,  XDD/~)ELET E, JITT ER , VIBRAT E, or ET~D.

‘ - ‘hen the user enters  the ROT A TE ont ion , the sy s t e m

aill resp ond by rec~uesting the user to choose between a

constant  or random ro ta tion .  If the user  chooses a con-

stant rot ation , the system will resment that the rot at ion

angle be inputted. ~or a r-an-do’e rotation, the system sill

rec - uest the ~aaxiaiuna allo wable -angle of’ rotation.

The ADr)/SELETE ontion al lows the user to modify a sym-

bol by having the system randomly remove or idd nortions

of a symbol . ‘ihen this option is chosen , the system re-

quests the user to input the number of elements ‘hich are

to be randoml y add ed and the number of element s which ire

to be randomly removed.  The user -‘ -iii have the opt ion of

entering one acid/delete par ameter  which ---ill be used for

all the symbol s in the st imulu s  list , or he can ent er a

dif:rerent add/delete parameter for each symbol in the sti-

mulus list.

Jitter causes the symbol to ‘be randomly located v ithin

a specif iot region of the disniay. After entering the

JITT ER option , the user ‘- ‘ill be asked to input the stllo’,’-,—

12
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able r inge  of m ovement . The VIBEATION option -~‘-llo-~~- the

user to snec ify the range of movement and the fresuency

that the displayed symbol should be vibrated. The JITTER

‘-and VIBRATION options are mutual ly  exclusive . If neither

of these options is chosen dorin~ the Jet—Un mode , then

the symbols displayed during nerfor!aanc e of the experiment

will not be jittered or vibrated.

~±‘ter any of the above command s -are entered , the sys-

tem will resnond “it-h a request to choose another symbol

modification option. Thus, the user can specify that 5 m ~~

bela d- isalayed during the exneriment are to hays  multiple

modifications (i.e., symbols are to he rotated and vibrat-

ed simul taneously). To return to the Set—Up mode of opera- —

t ion , the user ‘-sould enter the END option.

1 • TIM a P ’dA~J~~ TER d. During p er fo rm anc e of the eaneri—

ment , the system will be required to disniwy a secuenc e of

symbols consisting of ‘an achno,-’ledgement symbol , a, mask ,

the atia ul’as symbol folio-ed by a second m a-ak , end a re-

displaying of the -: ckno-,-ledgerient symbol . There are ~-e vn—

r-a-l time intervals associate-i ’aiith this dianlay se~’aencc:

Mask Time1 
— length of t ime to di siulay  the f i r s t  m~~5ak

Maca k Del ay — t ime interval between the end of d ianl ay—
m g  the f irst  mask until the beginning of
displaying the stimulus

dti aaulur Time — length o~ tiara the stisullus is to be
displayed

r,-T 55k Delay2 
— the delay bet- sen the end 07 dianlayiras

the stimulus until the be-sinning of the
second mask

13
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M aad-: T i r i c . — the lenwth of time the second nash is to
be d is ’nl ’~yed

Prompt ing Del:- y — maair ;waaa t i . ,ie the system should ‘wait
for a resnonse before disn1~ ying anromntin~ me sn ’a :’Te

. JT IMLtJ -  LI ~T. The st ir -~ulus l is t  is a set of sy’s—

bols- which are taken ‘f rom the library to be used dua .ina : a

uarticular eaperiment . After entering -~ IMTYLtJ -~ LIET, the

a~r r to ’~ ill request the user to enter the inde:-:es for the

symbols- to be used us the stimulus list. The user  -a lso

- i l l be recuested to a’ieci 1’y :ahether the aiboin should Us

dianlayed in order from the stimulus lint , or if the sya—

tern should t a k e  thes~ in a random order.

6. DI SPLAY “E( tiiTT C d. This comaiia n allow- s the user

to enter iu ’ar -ameter s to control the sequenc e in which sym-

bols - -are dianlayed during the experiment . One omtion

v-duich can be spec i f ied  is the ackno a’ledgement symbol to ‘be

used . The user rra ’~a ~lro  choose ‘a r e inforcement  ont ion

which causes the system to displ ay a correct/ incorrec~~~’ack—

noealedge”ient after each subject resnonse.

Another  ont ion  the user can specify conc erns the re—

rn ovwl of a- ~~r~ihol from the stimulus list based ‘iu~on the

subjects responsca. hen this ontion is chosen. the user’

‘ -‘iii he r-a -auest ed  to  input the numb er of consecut ive t im e s

the subject must correctly respond to aa s gibol i’or’ the n y u —

bol to be rea ovod f rom the list.

In addition , the ms-er can also choose an. ontion - hich

c au s e s  the n -ton  to redisplay the ssase symbol if the a’ub~

14
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ject r s ~~n onds incor rec t ly .

7. RE INT . The syn-t c:!:1 i m i n t  be cuewbi c- of p r o d u c i n g  -a

orint—out of the csyaihols - n d  su b j e c t  r enn onses  ~iarin the

execution of the e:--:periwent . The PRINT co ’a ’-a-rad ~lio c- the

user to spec i fy  that the system is to print the incic:-a of

the displayed symbol , the symbol dienlay rne:lica , the sub-

ject’s response and resnonse time.

~~~. ~3ET—tJP PdRAM :iTER .~~ The system macat sIlo-,-: the

user to c - tore  ‘all of the :aat—u’e earn -ceter a  used for a n-ar’—

ticul-ar eanerirnent. The JET—UP P~RA -:T~ R~ cousi sand silo’s:-

the ussr to enter the iT ORE ,  RELO A D ,  PRINT nd ERAJ ~ on—

tions . Ji th the 3TOR~ o~ t ion , the user c-e n snec i fy  th - -t

the current set—un p a r-  esters -re to be retained in nera ’- :—

nent storage for later use.  The R~ L C A J  ontion allows the

user to r ecall a previous set o f -nar er aet ers  and the PR IM T

o-otion causes the current set—un psrasueters to be nrinted

o-at . The ERASE option is used to delete .a set of e ar ’- aet-s r -s

from nerman en t  stora ge .

9.  END SET—UP . This command c auses the sys tem to

‘w it the Je t—Up mode and to return to the executive m ode.

Experiment Execution do3e . After the sot—up nar anact a r s

-

. 

-and options have been s~ ec if ie d , the user c-an coau,iuand the - -

system to begin exccutins the experiment . ~ihen the system

enters  this mode , it -- -ill ou~nut ‘a message to the e a n c u i —

ruent s-abject, requesting that identification information

(nasie , date , etc.) be inputted. The sys tem ‘:ili continue

to dia~ lay thin re- sest until a reseonse in rocsiv-a ’ f i n -

15
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the snbj~ ct or the an-er entsr~ th e - ~-) E ’d ’ f~IM ~NT MO DE in-

struction.

Id the- r—ubj oct r-eaiuondc- ‘-:ith ~n I), the sys t em ~ill

then  disul ’ay the ;aca-r iaoa:icd:e uscnt symbol in3ic atin’~ that

the t est  in -e I:out to begin. The system :111 then Us gin - ‘~i.- - —

nl- - vin~ th e a s k , s tiwulus  s~mibol , mask and ackno’.’,’leca gn ment

symbol secluenc e according to the set—un naraaae’ ter s .  For

each  re snonse  from the subject , the system will record the

dis’ni’ayed symbol , the symbol din-ni-w y J-yn-a:- ic-n , the subject’ s

resnonse and resnonse time . The eaaeeri-aent will continue

— to run until the subject enters the STOP command , which :ili

caus e the system to outnut en ~end od e:-rneriment’T :,uesss,ge,.

The system ‘- -‘ill then redianlay the request  for  ID i n f o : an a —

tion in nrenar.ation to tes t  another sub jec t .

The system :111 allow the subject  to innut t~’o spe cial

responses. The first is an indicator that the subjec t  he - s

hit the ron: hey when making a response. This i n d i cat or

can be given bet -c-en the t im e the subject has responded to

a symbol and before he ren-nonds to the next srr:nbol . I F

the sub jec t  indicates  that he has hit the ‘-:ron--a key, the

system v,ill ~1.a ’7 the s tored  d a t - a  for  his res luonse rand the

exeer iment  ‘n il continue . Th~ second special resnonse is

an “I don ’t ‘rr io-:~’ in d i ca to r , -hich the subject  c-u n  use ~~

ha is not sure - -‘h at th e  5 i :-n l - a ved c v - ubol

Da t -  Anal y s is  I~ode . The sy st e n i  mur-;t be c- - - die of

eo r -dor~’:in~ analysis on the re ’:- ilts of one or mor e e- -w~c :-i—

~ nnt n .  To :,econ in lj ah  the analysis , the systesu i-a u-es

16
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to ‘~encr-ate confusion matrices ‘and also to ne r fo rce col—

i - a e c - -in ~ rout ine .

There  are three d ii der e nt  coni~as ion  :n-atr ic ee:  - -h ich  -a - -c

to be g e n e r a t e d .  As an ~w-:amnle , -cnn - urn s the ‘fol lo- inr ~ f l7

the results- o ‘an -e :-s’~er im ent

~ r -- dj nl  P resen ted  -du bj e c t  Respon se  R e a c t i o n  T im e

A A .5
a .6

a;
- -

5 1) .6

Response Res ponse Response

~ A B C D E F  A B C D E F  A B C D E F
~ A l l  1 l~~

u
~~

ber 
~ A .5 -

~~~ 
A !~EE~[ ~II I I

~~~~ f times B ~~. time 
~ B — — If —

1 .6 °- D 1100
2 E  2 

_ _ _ _ _ _ _  
8 E  100

~, F 
_ _ _ _ _ _ _  ~, F

_ _ _ _ _ _ _  ~~F J ~~~~J_

(a)R:smonees (b)Res~ onse (c)Percent ’:ge
Tins

di rnre 1. ; d O  Jon 5usion M-’tr ices

— :i~ urs l~ -: ,) hos n the fi r s t  tyn c-  of con ’ -aion matria ,

‘which give: the number of t ime s  a r iven ny n b o i_ p r e n e nt e d/

s- u b j e c t — r es no ns e  occurred .  In - i~~~re 1(b). the subject’s

rc-sno :-mn- cc t in e  is cl ot t e d .  Figure 1(c) sho e the mercentage

of time- : ‘a -given aar~h o l_ nr e se n t ed ,/sab~ oct — r e s~u o n r a  occua - a - sd .

A col i-ansin ~’ routine uses  a nr e d i c to r  m at r i x  to reduc e

the dat-a cont - - inod in a c o nf u si on  :eetris into a more use—

fi .ii ‘or-i . The co l l ap -ain - -~ rout ine consis ts  of ner 5orm i ax~ -a

com a ar ison of a conñ, sion :sratr i’: ilk a ~iven nr -- dj c t or - u ; a —

~ 
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trix (see Figure 2 ) .  The compar ison  is -, c c o c i ~u li -h ’ -d by

irst findins the cells in a comFu~ion mat r ix  ‘ hieh cor-

respond to ‘a ‘~iven rank (order iv W ar )  ci ’ the nredictor

ceratri::, or -kich correspond to a riven r’:n -a o:F absolute

distanc e taken Fra n the nredictor austria . The value con-

tained in the correspondins cells of the confucion n’ tn :-:

-are then ce- uc ’mie- :t to nrocluce the desired result.

1.0 80 2.5 G.8 9.0 10.0
— ~~~~~~~~ ~~~~ ~~~~~~~ Order / Rank

B 
~~~~~~~ ~ ~;\ i’i�\ ~~

~\~~\~~\ 
\1 \2\41

~~~ 4~Q~ ~~LQ~~~~

— - D
3~~~~l~~~~~~~~~~~~~ /~=e 

&

E
~~~~~~2~~\4~~~~l~~\ 1

1.6 1.Q\.

~ifur e 2.  S~~ ple Predictor Metnix

For oau’,srnle , the confusion matrix in Figure  1 (e)  coul d

be collap sed using the er e d i c t or  re-etri :: of Fi-rure 2 to -give

the Rank 1 re-action time . First , the ra nk 1 cells f rom ~ i—

~~irs 2 - -are found (cells aS , BE , CD , DE , Ed , and FE). Then

the entries in the corre :nonc l in T cells o ~‘ t h e  confusion a” —

tn; ’- s
, re  found (the entries re D.6, S.~~, and ) .5 ) .  The

v’-’,iues- of the cntric-~s ‘are’ then summed to give a result of

1 .5 .  
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The folio-,’-:ing in a eu-elm - nv of the comm - nd a-- used dun n - -a

the - :n ~ lysis-  eiod e:

LOAd :j-~~~~~ — this co-w i arid allows the user to r~i atp , ’ tS a
ID for each of the c’:-ner’iaaont re-asalts v :hicr ~are to be -an - lye-ed

CO ITF IOl - (option) — a f t e r  th i:- - ca t ion is enterea , the-
un-er c-an anecify which confusion

i -~tnices are to be generated

— reneu- i,teu response eonfun-ion matrix

R - A CTION TI’~
’
~ — -generates re-action tine confusion

r~ ’~ tnj ~’

F dRS - i-bL~~~E — -generates ‘)ercentare confu : : ion  m t :  i::

PRINT — outnut : the -maccr ated confusion :aatni;-:

PREDICTOR (option) — this oiution allo- ’s  the user to en-
ter cs predictor ‘-mtri:: a,nd npr -~ u-m
a COll-’i)L- ”n- r routine

— -af te r  thi n com-eand is entered , the system
-a-ill rec-uest the user to innut -a edictor
matrix

Rdd-E, number — t h is  conmacnd causes the syn t e n  to ccl—
1-ens- c- the confusion matrix b ane -F  on
the given rank number

‘
~B ~OLUTd DISTANC F. ran-ge — this comma n d- c - -u s e s  the

system to coil’- nn-e the con-
fusion maatri ::  hare-F on the
given absolute distanc e
range

_ _ _ _ _  __________ I



III .  U T-F - ’~L ~‘TJ NSTICNA L dl ’ aCI’IC aTIOi’h~

In troduct ion

Th e foru ni functional specif icat ions of the system

‘ren a developed using structured analysis- , an nent ione d in

C hapter II .  - dt ruc tur -ed  analysis con~ is ts ~~f ’ creat in-s  mo-

dule diaa -n r:’,n-m n- using a blueprint like 1- n-ru ‘~a. Then--c dia-

gr ams show a “t on—Jo ’ ’n~ deco:’i~ osition of the  syatea.u b eing

‘an alysed , from both an activity and a d-at- ’—airiented per-

spective as defined be low .

‘Jtructured analysis  u~ on - the concept of m o d u l a r i t y  to

analyse comnls:a sys tem st ruc tures  by succesa~ivo1y brc:kin~
down the subject matter into mfsaller , well de f ined  mod -a les .

The goal of structured ‘m’u-aiysis is to break the system do’. n

into modules ‘which - - a re  rnial]  enough to be en -eilar u n d e T r t o o a

-a nd ‘whose inta r f a :cora  --:ith other modules can be clearl y seen .

To describe a co-an c-s system corwn lete lv . there are tao

basic asrects ‘which :-iu s’t be cover-ed: the ñanct ion - - ic” —

formed by the system and the things unon -.:hicla the functions

-act. In structured analysis , the functions are cUed -

“activitieaf~ and the things are cal led “ d a t a ” . :$tructured

anal n-is decomposes the aa -y ster .a tw i c e :  onc e base-al on i ts

activities (called the ‘activity model) ‘and sg~ in in a

rate model based on its data (called the data ‘ou-ral). Thu s .

the -ayectca is e::aamined t’ ice , r esu1ti~~ in a thorom~h func-

tional nusecific--ation of the system .

The neat section of this cheater iran-ants the - ctivitv

I
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moThl for the sys tem .  The la :t sect ion of the  ch- ‘~t~~w

present s the F. at - - mode l  • The re -~- a r il r n a’err’eF to An’o ne—

di e ,~~ for a nr-ea-eent ~tjon of ho-’~ to i-e d wt~-eactured n - lv—

a; is li - - a m - - a m a ’

ASTIVITY D~ COF1 - O dITION

1—b aa  T i t i - - P

A— ~ ler r or n 1~erc e-i -t ion Exp e r im e n t  (Con teat ) 2.1
A )  F a r - f oua ’. Pnr c  ont ion E:-:e ri ,~~nt

Al Process  Un a r  Coac a -and s
All Get V -lid Coamind :7
All Handl e -$ot—Un P ar’w;,a,e t e re
Al3 P er f ’or- ; L ib rary  Funct ion
Al~ Pe r fo rm dia ;n lav  Function
A15 Give T e r m i n a l  Response:

Ad :~:-:ccute ~ wn en imen t  6
F Do ,- , -n en iu o n t  :$eduenc e

P- eu’ fo r ra  An r lya i~ )

DAT t~ idS OyF OF IT I ON

i-bodc - Titl e I-
5—7 Percention E -:nenisuent Dat-a (Cont r - wt )
D) P’-rc option lmneriment Dat a

Dl Symbol Library
Emp-eri~ient Set—Up 5-at m

D3 Eaperiment DeL t a
5/ An alysis D~ te-

-

~~~~ I

I-

k. 
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F e r t .  The  s e t — e t a  p r - -m ete s ’ :  (101) a~-a o ot:cisi ( d

bulk m eet (iii ) or arca: the ata - e r  n e t— un  corS ’w- c i :

( lCl ) . Onc e the ’ s - i — i :  a i’ r ‘ r-’~~a rs ha-va seen ~a na ’w - - ‘ t e l ,

t hey  c- -a he ou t n ut t e d  ( ic-i ) to be stored or they c - r n be

used t o contro l the ca: ec ia -L ien of ‘n experiment (Ui).

cu t e  , - - - : n ea- :L  c-nt (~ ) ‘iroducer the  c;-enei’iment results ( -01)

wh i ch  c-n ha outnutt-s d or they c -an be inneetied ( I ~I l )  to

P~ rdor-a \nm ly ni :  ( C )  . P a s d o r m  ‘a n _ ly n - i S  ( i)  use-: the eac e er i—

cent r - n : i n - - -  “ a-a~ t h e  bu ’l 
~

- : innut (~~I a)  to ‘an ly ae  the re —

:—ui ts of c , ~~c:i’i- ’ic-nt~ , nu ’oj-ect  to the un -cr  coa~::nd:- ( - 5 l )
The bulk innut (~~I2) c-rn consist  or  the r ’c::ulta: of o ther

c:-:neri:-tc:nts ‘~~~ r~ o ther  data -icc - c-se ny to - cco’u -~lish the - -e n—

nlsr c- i - e: ( e . a- ., a pr ed ic to r  au-tn :- :).

~ 1

i t
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U Text. User a-ct—un co:sra~anri a (101) arc  chcc’:es to

det ~ ru ine if they are valid by ( 1) .  I ’~ th a  co ma -  a:- is in—

valid , ‘~n error ec:s ’ :ge in ~‘aner - :t ed  (102) .  For valid- con—

erands , (1) deter - inca if the comma nd n ’.r - a ’e t er s  vc bc - c -n

innu t ted , ra n d no: ~~~~~~~~ the cu’~er to innut t h a n - a a

(101 ) if they  have not been en tered .  Get V lid- Co - aamnd ( i )

‘in -a  de te rmines  if  the corca ’:’- n a  is a l ib ra ry  co m - : ’  ml ( 10?)

or - ny of the other se t—un comm ands ( 1 OL ) .  a

The other net—up com: u’nd::; ( Ci) are un - ed  by F - - nd - i  a

Jet— t~~ F-~ra-sctars (2) to aaener’ate the set—un n-:s- -:-:c -t-’ ~ -~

( ci) or to control the -‘~eaes-ation -~~~~ the set—un e a r m a et ey a -

( ~C-i) fro m ‘sulk i nnuts (‘Ii). If (2) receive~ a v ’ l i r  ca , —

aat n i  a ’aich has invalid coau a end n-ar’ :meiar- ’- , - n  error ‘- t e a —

s a c-- c  ( C r2 )  in -  outnutted .

Valid libr’--ry coca-’ ads (.~ci) :- rC usa’i to control the

nerform ance of library fu n c t i o ne  (~~~~
) .  For a i ibr ’ cry L I T

co ri r r , i,nd , the recue r - t ed  output ( a C 2 )  is sent to ( 5 ) .  Li-

br ary -~LT dR con -mu-ads are nerfor ’aed by ( / )  , h ich  ~et :-  the

pcarn coters  (FI 1)  froac ( ? - ) .  If (?- ) r ece ives  tnv ’ ci i’~ a i - a —

meters- for -a conr 1’nd (e  • g . ,  -a n m v -  S i l  sy- :bol in d e x )  it

outputs  -an error inc as -age (~c i ) .
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L l T h  Tau t. -d hec k 0o~ nd ( 1)  m eet :- :u:er co cia - arn m s

( l i i )  ,ri a chccl-a ; if the co :, a ~a-~ in valid rand - if the f l e e c e —

a - a ny  coar - ‘L n l  a n - - a -  tern ha ve been iru -e ’t t cd .  If the c o m a - n m

in m v l id - , ri (i-s-o r nrss- ’ar~e (id ) is ou tn u t t e d .  P a y  a v - c —

l id co-i: a - - n - ~ - -}iich - lo es  not have the ncces-a ~r C o r a r a n d -  n a n - c—

ai C t L a i - a’ ( -0 1) , Get 1ar - e a ters  ( 2 )  oi ’tnut s a r ec ’iaa ’ t ( ( 1)

i ’ oi ’ the a -ar - a- -ac t ern . The n r a-ne t e s s  t i -c  ia ;eutted ( -e11) which

renn lt - - ’  in a val id  co -en-u -nd mit i a  a- - r~ rcietems to be o u tnu t t e d

( - C T )  to Sct ei ’: :ine Tyn e 0o~ - r:-a nd- ( i , ) •
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~1” T - e L .  Ohec T: P - - a- -a t t i r e  ( 1) r ece iV es  a - c t — u -’ c on —

a - a i r S  ( 1  o l ) or balSa -ra t— ian ‘p- n - act ci’: (ill) - a ’ - cheeha

th e i r  v- 1idit ~~. I~ an ‘n s-or i - -  round , an cx i  or ’ len - n ’--

( a o l  ) jn- -~a ricr - - t e d .  a a, e -~ -y - ’ :-- a u L - ~r - r  ( I I ? )  ‘acr e a ‘ n - n e d  to

( 2 )  ~ J- ( ? )  . r u -or  ~r ’~ ~~
- - -

~~~ u-eta:’ ~oy- e ( 2 )  store ’;  tha-  n —

n a :et - i ’a  1 0 5  c ar — c ey A ? :  h - n - i -- neat h - - i ’  a - c-teen r ;tor e  a ’L -ai en

the car’ di oms - -i n o  , a nd- ,he ~n ira-c ted by user co-n- :m:nrh: ( ~U 2) -

‘:-an-c r t~~n- a ~~ - - cent copy a the  c a y :  i c -t e r ra  ( 01) which

C .n l r t ’~r be lo - --mcd - ‘as bulk :,- L—un -i - - ru- m r tee ’ - ; .

• I
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A1 Text .  2et ermine  Coma:: t r i :  T ar o e  ( i )  deter’:-ijner --‘hich

libr -r y  comae -and h’: s been innutted (lii ) and out ’outs the

co n -er -nd  to the anpropni ’:te  ‘cod-ale. ~reb o1 n - :rametern
- - - - - 

LC1 , ~o ? ) -a r - a :ren ~. T-- :ted by th e  cr e a t e  func t ion  ( 2 )  or by

reca1lin~ the a n n - m e ter s  ( a ~~ fm”o ~~- -thc nu -mol  l iLy  u-a. For

the A T O d d  comae -m d , the  symbol ‘iamr tmeters - c-~en er r r t a d  by the

create fau~c tio n ( Ca l) ~rc stored in the symbol l ibr - -r y  by

( z  ) .  Got  - - y:nLol Prar -u - ’a ’et ers  Prom Li -iry (b- ) generates ‘n

error sees sace  ( c-i) if the index in’nutted by the user  is

not in the l ib ra ry .  3iaeila r ly,  Pe r fo rm Library ‘a d di t i on

( z )  rend P er C o r n  Library  Dele t ion  ( 5 )  produc e error m e a —

the uc-er inout s an invalid- index.
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Ut, Te’ct .  Proces s  -J ter  Function (1) checks- t h r  a —

lidi ty  of the  “iter ce-n -ri-nd - aar rc- i - -a ters and ar o -h i c e n -  - s e  a s —

I’oi’ :cass r : - a e  (101) jO the  a- r - a m e t e r s  car e i l lear~ai. Al ter

co :rraan-2 n- with v-elir~ a-ira- cater -a-  (10?. iCc , 10/ , l On )  - ‘
~~ e

nasa ;c a- i  to the -a’eproari~ te -cod-asi c - -hick c~,-~norn t on -  the necea—
- ‘ - - 

- ‘ 

s-ary ic- -u-a-renter modifications (aOl , 2Cm , oi , sd ) .  The m - —

a 
r :c ’ i et cr n -o d i 1ui~~a t ionn  (do l , 402 , 6C ~~~, 604)  are used cy

~niv ii al~~y ( 6 )  to oinui te tar i ~i r outa ~ (da l)
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‘ ‘—

-t T -a::t . t~~ter  the  a dc-ct h,: entered his  In infor—

an - ra t i on  ( C i ) ,  Jo -
~~

- ~‘-c ’r ieio nt bau -u cnc e ( o )  - d ir a i  y - ’  ‘ci st i— 
C

’

- ad a:- ( C l)  --a c-a - c a r l i n  to th e ar et— arn -  ear meters (-02) . The

n - t i c - s h un - ch ’c, r ’acteni -t ic  a ( 0 ) ‘an al :ub j r est  r e r c r o n a e a a  ( -0], )

- r y e n - ran - ed .  to d c - c o r d -  dcu- SLt s  (L )  -~--hich ar-ociuc ce s the e r- mee ri—

ceent results (‘1(1).
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T 
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,,-, 
—

~~~~~~~~

Ta aL. G- ~t , a~-:’e e l a  v-- a i-a nt ~e ;oo l  (1)  ‘,a:e s the

set— un me -s- -m a t e r:- ( i -~ 2 )  to out cut th  IC readaic ~l a - ‘-a~ient  r - y ’ a —

bol cianr’~cteri .- rtics (101) - aid i a i a c r a m - . Gcnoywte LHaakn ( a )

tin - - y r  the  ny -ab e l  h-es been cli-eiel-: ,yed ( a Ol )  . G e r ’x— r t a  ~da~~k~
( - r ) c - a t - r a t - ’  th~ an - - n -k char ’~c tr r r i s ti c s  ( e0~~~) - - rae info s-ar a ra ( 2 )

t h a t  ‘th e arc  ad-: h ri seen -i i a l- ’ye d ( ~O 1) . Goner -at e  li i -mal ’i - -

(2) then ou’Lnnts the stimniun- characteristics (r01) han-ed-

on the au -at— un c ar - , ;r eter :r  VO - ~) .
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A~ Text. Det er-ra’tine Function (1) r’sc-aives the user-

- - n - - l y si s  comm and s (id ) ‘ a,ni n an-sco the corarca nds to tne ‘
~ a—

~ropriaata craodule . La Sd Dat a  ( I )  in’;eut:: the exp -’ri-m-an t a-a—

suits (211 , ~I 2 )  r,~~d- pr -ass-e s them to (2-). G-enerrate Co~ i’ i~

n-ion 1Y’rstria-: ( )  produces the confusion rai ’:trix (301) b-ace-i

on the acer cor.emrandn- (002). The confusion m-atri;: (201) 1::

then outputted or it is passed to (4), depending on the

user con - am ends  ( i 0 2 ) .  Pe r fo rm Coli wosind doutinc (~-e ) in—

nut S the nr edicto r  anr atr i r :  ( L u ) ~‘n’I aroduces- the desired

results (~~ol) h -ne -ma d on the “ a - a r  co aaaaaa n ds ( a O 2 ) .

- -  -
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DC Te:-rt. The Cymb a l  Libs --  rry  (1) is creat-a ci fs-on-e an

library comms r ends (lii). The liur- - erv ( 1) C - J O  0’? ( a C C n - S C d

to outceut the indea: t ab l e ( ic i)  or- to outrut  -a r: y-nbol

(102). The develop stimulus list -activity (lo~-) gets the

symbol T ;cc r - al !m: et -r ers fo r  ‘the stimulus list froas (1).

Cnner i - :ment J e t—U p D a t a  ( 2 )  in produced lay aur as -  con-

n - a ’ f ld lS  ( c- I l )  ra nd - the dcv-eloa sti’n-’elus lint activity ( -I l )

- 

- 

or from the 10- ding of bulk set—un se-a r--ameters ( - 1 7 ) .

v e l ir c i t y  of these inicut o is check ~n~ (7-01) before the inniit :r

-a rc- enter-e~i int o (j .  Thea d :- :wer iment Set— U n- Dat -a ( 2 )  cai

be ::iodifie-r’m bar un-er comm an-dma ( 1 )  or it c -am -c be a ccessed

to outieut specific entries (:01) - h i ck  it cant cina . The

n a c a - f o r - a r a n c o of an a r m e e r i r e a n t  ( 2 0 2 )  -also uses ( 2 )  to c -aan tr ’ ol

the c a - o e r i rm e e n t

The C:aeerimra acmn’t C t  c (3) is cre ated -, b~ ‘the pu- ~or -a -ncc

o an - a a n ~a 11- c1cdnt (211) or dro e lOt~ ifl , hul k e r-ura re i-n --an t re—

n-ul tra  ( 7 1 2 ) .  ~;-neeriment 0-at ’ s ( 3 )  c-a n be outc u t te -d ( 7 0 1 )

or it can be en:,lvsed- ,  ( 7 0 2 ) ,  :ua. a~~ect to the user corer-a ena s

(301) mhich ore inputted. The -anc-lyar is of e an -~~r ira ient C - a—

ru-alto (Lu ) creates the in~1yn-is Dat - -a (~ ) , hick is m ~ui~

aeul’sted ccord iu ç to the user co:-aar-e e nd-s hid e are ~iven
- :- ( L ~C 2 )  - f - -i the p red ic to r  m at r ix  - :hich i-n - inputted (cdi).
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Dl T ex t .  Th-a Symbol Libr- ry in- co.ircoaeoJ oF the C ran -_

bol I n J e a r  T abl e ( i )  and the Cyacbola: (9). The n a r u -aaters

- -a ea- noc i-ete d - -ith -a .JTCP C co mae - -n- - a r e  useai to make entries

into (i), n-abject to the validity of the inputted index

(102). The LICT corns-a ria] (101) - n i  the index validity

(102) - a r - .a used to c ontrol the outnutt inr of the index t - —

ble (101).

The n-tore -symbol ac t ivi ty  ( :Cl) uses  ( 1) to control

the entry into (2) of -sy mbo l , r ar cane ter s  r a m e n o c i a t e - l a i th

: Cdii ~~T 1-~ C O m a  :~nd ( ni ). The DISPLAY, P~~~ E and STIMIThUC

LIST coarn--ands constrain th e aan- ? of ( ~) t o crc -ate a stimu-

lus list ( - -~o i ),  output a syc-ibol ( 2 0 2 )  or to ~urge a sym—

bol (- -03). Purgin,g a. symbol (r - 0 3)  causes the cont ents of

( 2 )  to be m od i f i e d  (3 12 ) .

— ‘ I
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Dd Text. The Ctimulus List (1) is crereted by the CTI—

fULUJ L I J T  co memn and ( i i i )  or by the loading of bulk nai —

meters (112-), subject to the existaric e oci the a-tiaauliur

(101) in the symbol library . The Stimulus List (1) c-- n be

outna tt ed .  (101 ) or it can be u n - ed by the nca t st imma-elua r  - c t i —

vity (102) alarm s the p erformanc e of’ :cn exnee -im -aent . The

get stimulus activity is; control led by the at i : lu lum:  ii- t

amoJific - - ations (~-‘ihj~h can remove a symbol f r o m  the sti:-ca:liiea

lis- -t) and by the redisplay opt ion ( 1 0 2 ) .

J i r -bol Dis i lav  Dynamics  Pr ’r aa :n - e teran -  ( 2 )  ar-s cre ,t e i  by

the -JICPL kY DYN~ fI0J  co aearr — :ind (2 11) or by the loxaing O C~

bulk nar-ameters ( 2 1 2) .  The content s of ( 2 )  c -an be outn at —

tc-d ( ao l )  or it C r f l  be used. to  d ino l  - y  ma. st i c ulu n  ( T O  ~)

dur in g the p o r f o r a r m mnc e of can caxeer iment , subj  oct to the

c o n s t rai n t  of the ~et stimulus activity ( r C l ) .  - n - ~ the st i —
Clr cmul u as t i r i e  ( , )

Th ea :1smak Oh r -c ter i st i cs  ( 7 )  are c r e a t e d  by th e -  f r ~ C

co— a -n - a -n-a] (7 11) or by the loading of bulk set—un n -ar - ucae t s - - ’n

(71  a ) .  b2- ~a:k c har a c t e r i s t i c s  ( 3 )  a re  used to eli - ni my mc -

( 3 0 2 )  during an experiment (according to the c m- .a~~ t ir e s

a (~c i)) or they c-en be outnutte-J (701).

Tim-r e P -r-:meatei-s (~ ) are n rodu ced by lo .ding bul k m m —

ramet ern-- ( ‘d C )  or from user com~ ~nCs. The pr ar- r e ete ’~’n- cu-c

be outputted (401) or they can be used to control th e ‘an -s

01’ (2) - - an-c a (~~~
) .

The Disnlc- y T3oa -u enc e P - r ameters  (5) -- s -c ar-ed to - n - o d i —

dy the stimulus list (1) or to constrain the -n - a t  ~t i’-’a1’rr

— -—- -—-

~

-- -“- —-~~~ 
- r~

- r ~
‘--‘--- ‘--—“

~ ~~~~
-
~~

-- 
________
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-activity (10 ) by aea ’neci f yi nd th at a st i a r mulue -  be redi — 
C

ni ‘yeci . Th e -ne ~ - - r a a e t e r n -  ( 5 )  ar e cr e a ted by the DI $PLAY

~~~~~~~~~~ co - m - - ,~~.i (511) or by 1o-ad- in - - -~ bulk set—u -c m - — r a —

‘ - a - a t e - r a m  ( - 1 2 ) .

‘
I
-
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J C  2 - - ’ t .  i~) in~’~~i at i on  ( 1) ~~ ~ s-O~~~Ced ~~

~~~r ciU ’t innuts (iii) after the in m’ormm’tion h-as been s-ce s e n- t e d

( 1 C3 ) .  This dat:-~ (1) in o u t p u t t ed -  (111) il this is sneci—

f i - a d  by the ce - m t o’otion (101).

The- dineel - - mymar i  amat i ;au1~ ma ( 2)  i- ., cr - ca a t -ma c by the yet r n - t i—

- ala- - ac t iv i ty  ( “ I i )  ‘-nd i-n - m o d i f i e d  -a cco r - -d-i, n-y to the ra y- a—

bol d ir an l ay  c1~~ — amics  ( 0 2 ) .  The eat i r rulur . index -an T mod - i i—

c -,t ione ( 2 )  n - r e  outputtca-i ( 101) -accordinr  to the p irit 0-i—

t ion ( C i ) .

The- Subject  R e a m n o n s e  ( 3 )  i a  cre -~ted by thai su bj e c t  re—

s-monuin s to ci d i n -n i r y o d .  n -ti -n-alan (~~11) .  This J - ,t (3) is

out cut ted  ( 301) -“hen s ne c ifi e d  by the print option ( L ~C 1) .
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II’ Text. Confusion r~atrmces (i) -re cr-s- -tea by tb- ’

~ori -sr’ ate  confucion  n -me t r i c :  ac t i v i t y  (101) ‘ahich an -cc  th a i

er-:’oeriment results (iii). The resulting confusion ai ,ti-i: - :

(i )  ca-in be out’outted (101) or it can be a-a anipulated by the -

perform anc e of a collapsing routine (102) to produc e ( 3 ) .

The Predictor ~matrix (2) is loaded (Ca-Il) subject to

the user ENTh~R command ( :ci). Thi s data is also un-ed in

nerf ’ormeing a coll:a~nadng routine ( 201) to produc e ( 1) .

The performance of a coil-an-sing routine using (1) -an-I

(2) nroduces the Coh n-rn -ed Dat -am (7- ) according to the ontion

specified by the predictor eo;m,iund (~ o i) .

niumrmr a ry

Thin chapter - ha s  presented the L’unctionecal -m o- I -al o ’

th e system , which in - the basis of the s o f t- - are d esign  nra- —

sent -ma -a 1 in C hap t e r  iV. ~~~~~
_.. ..— —
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The pur nose of thn- de~~ gn ~~~~~~~j i a r1 -v a l om a cent pro-

ject i~ to ale f in i t ia c  the functions - and- o p c r -L t i on n -~~~~~~~~~~~~

s ry to a tisfy the syst~~ac r e - a i r -cements .  An -- d iscussed  in

Ch apter  I , th in -  i nvest igat ion  T oes  not eresent -a c o am n i e t e

design nh~ se .  Rathe r , the intent  is to desiu-.n the so f t—

‘-a re s tructure -rhich --;i11 b — i used in i :nnler -m ~ r ,t ing the n -y e:—

t ear .

The :-aon ro - ach  -: - ki ich ~~as used in thin-- inv’entigation is

c alled structured -ieniyn ( d ef  5 ) .  This -d e c a l —n  me t h o d  at-

t empts  to reduc e sof .’tea-re co’sn lcai ty  to r a  fee  co ’nin~e , Ic—

bugging rend m o d i f i c a t ion  easier , f-aste r  ana l lea n-s c -en -en -lye .

Tii~ ny c a n li c i t y  of the design a-:hich Ia ; - - c v~ l o n n - -,i is- cacf i ne ed

— 

by dividing the so f t- - mare int o a -n -pa r ,  te  n i ec  c (m ocl i l i er  ) in

much a-~ - . cv t h - .t a r C  celes c -ama ho im -n -l e aao nte - l  - r d  .:o l i2 ied

-‘ith mini ma -al consider  .tion or e f f e c t  on the ot h - - a r an - -  s-tn of

the sy st -cru .

The r-anainder- 0 ma this chapter uses ci ~rr’c ’chic-al tool

c alled structured ch -ai -t m ’ (Re f  7:5~ 7—527) to present the

so f t - ’:arci -matructureth d o s ic n  • hich wea n- deve loped .  The in ter—

J~ces b-et-een the ‘n -o - atm-u len  of the de~ iin -are also r iven, tn -—

gether ~- ith r-~. funct ional  desc r int ion  of each module.  r h i e r m ,

‘ -g-n ro n ri at e , the module den cri n tion s ‘ooint out any -inti—

c i n - a t e d  nrob lcrn e ;hich n-wy be encountered in inn-le--n-rnting

the a ; - ma d ul e .
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St ruc tu re  Charts

The structure charts for the complete soft- i- r n -  design

are n-ho - n in Figures 2 )  thru 27. These f i g ur e s  present-  the

structure o f the syst em execut ive , together- -- - i t -h  the struc—

tare of each of the ryn-tem ’s three basic modes ocf o p - c a - c —

tions (ict—Un , daneriarent h -.ecution n-nI 3- t. ; C t n a t i l r m r i n - )

‘
~P1te—4To3~lo !ins sect ions ol’ this chn-nter din-cuss the dr- t im—

-

of e ach nart of ~~~~~ ~ tc~-eare structure.

- -- -- ~~~ cut~ ej -

Console ESet-up Exper. j IDato Console
- xecuttor l lAnalysis Out nutfl~~U~ xecut ive xecut ivel IExecij tive _________

Interl ac e
IN OUT

1 ——— systems cn-awm’and an-

2 set—up con-mm -and set—un ‘e u-a-

3 set—up p-erarneten experiment results

i e :an -n -oriment resul ts-  analysis re sult s
5 error messages-

Figure 12. System i~xecutive Structure

System i~xecutive. then the system is initiated , the

• ~~~~~~~~~~~~~~~~ outpu t s a message to the user stating thr~t

a the nysts~um is e:--:eciitiny th an - executive , n-nd recmuesting the

user to input the desired a-mod.e of operation. If the ‘sa-er

responds ‘.!ith any input other th an SET—TJP , - G ~fR I ~rENT ~ -~d—
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Iperform 1 Analysis
Inpu t  j b1y~~~~~~

----_-~~
_

~-’____ ___ 
________

_ _  _ _  _ _  _ _  

116/ fl \

[Console Bulic Load 1 IContusion ~redictor Console Printer

I~n P u  t Input Data 1Option JOption J _________

~~~~~~~~~~~ 12/12~~~~~~~~~~~~~~
IResponsel (~~~ctioi~] (Percen— I IGet - 1 IRanK ~bsolute
‘Matrix I ITime I I tage I IPredictorl ‘Collapse ~ istance
L_ I IMat rix 1 LMatrix J ~~ tr ix~j  I ~ ollo pse

a ~ igure 2 3 .  dtr -uctur e  of Deat a chn- r u m— i S  I :o ~e

~~~- f I d . ~ or )ATA ANdLY SI :3 , the e :-:ccutiv-e - il l  outn Jt  r an  er-

ror mac a ’ cm’ -e and roe nest the user to e— an- -manter the oner’rtion

r::ode. hen - n  ma yr-li-f oner--~tion rn -ode is innutted. the -~IY3—

T d —  ~hfCUTIV -
~ ill invch-a (cal l )  ei ther ’  the d f T — ~~~— d f d C T J —

TIVf , the d,~ d rj ~~~T— ghICl j T ICN— ~ hICUTIV f or the DATd_ n i~dLY_

3 I d — d . -ha~OUTIVf , d aamp en di f l s  on the user  inn-n-ut .

F - The CONiOL C—I~~ UT -and CONJOLC—OUTPUT uojamlcs consicit

of the routines necessary to control I/o bet am en tbe an - war

tar rc’rinral - -ni the c a y : ; t e r m ,  while the ciyn - temae  is oemecutin-g tb-c

~ 

- 
3Y3TTf’ —i ~~~C U T I V d .  It in - -  - ‘,nt i c iccn -- ted th -t ::oac t of the s-c—

-da is -cf .  rout ines  - -ill be inc lu del  in the ocun-r at in g - ar I a - stem

or other n o ft i re - thich i’-~ obt a ined i th  the h s--i u--f l

t n - r c a . The l I T—TJF— -ThI CU TI V -- , ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-- nd- D;~T - ~— A 1-\ LY l I T —  f :lou T Iv 3 ar c — d i s c a r  a - e d  n - c a n - n -  a s - r a t - a r T y  br lo  a’ .
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DCt — il’) 0,- ~ . :haama invoIced , the -3 T’~T—U } — J -H O UTIV~ ( °i—

-sure e i )  output a~ a -n - e s s - rgc to the un -er ’  i n foy- - : n ~ him that

2/

• ISet -up
F~~~

t1

I-

Set-up ‘1 Lib rary andle Set-up
________ f~~~~~utiveJ 

~~~~ 1 
,

~
,

~ j~~UtPut 1 

________

F~ u l k  IConsole IDis p lay ~~onso le I [Printer

I n p u t  ~n p u t  ~~u t p u t  Ioutput ] [Output

Interfac e

IN OUT
6 innut type set—un co- J o c-n - a: r, n T a .  

n-s-r-a ane toms

7 libr ary com a— man - a -_ n- hI r an-I n -ma - am -n - : sea-; t n -  a er- . i -

cierasietern- o u t-n u t s

~ set— up coamca -n-,nds; and n -messa - ’ -aa ;: t o  u n - -cl
naramset os-n-

-n - out ciut typ e , mon -saga-s
to user

bulk in an -r i t a r
a 11 ——— con-role im-e-ra~ :-

12 display ‘r ,1,tnuts

in -- console out nut s ———
1C printer output s:

~a’i~ure 2 ’~. hIt—Up T~:aecutive

the systeu  is in the Se t — U n  :r ’ode .  The un --or a - ’ I T  t i n -n -n choose

one of the ont ions  n -ho -- r n  in T abl e I. If’ th - - u se’- ‘~nters

- -any other’ coaciri-anan- , tha n - ‘TET—U —~X~iCUTIVia~ m ill eat ’a ’ t, -n- n e n - —

ror a n - c a m s go an-i. r e c u e st  the user to enter -no t1 ie ~ - C O m a - s n- a .

- • The T— T~~ — d , -~dU UTI V -~ r e t mn -n s  control to the ra Y f T  — h I  T~LT—
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TIVd if the user enters the -~PU~ dj~T—UP corn -an -ra n d. If the

user  ac-nt era: the LIBTh’idy command , the ShT— UP— ir ~hdCU TIVb’ ~ a —

mn - e s control  o~’ the syst em to the LIBR~RY— i~~ECUTIVI~. For-

n -ny od the other corns ccn d s in Table I, the HAUD L d — r T dT—TJ ’P —

jdg ~g- ;~ g~~ modul e is invo Iced .

a d e c — U n  mode nodule r ecu ir e s  — n I -~O on e s-at ion ,

ca-,n i d e n t i f ier  for  the  I/O -a evice in  n-r n -s-cd to the SET--Ui --

INPUT or 3dT_LiP_OUT I-UT :am - n - c i i cl -n - : .  In the case of -an ou t-nu t

on erat ion , tha d- - t -a to be outputted ic- n-iso en-en-ned to the

-5 T-T—UP—OUTP U T module .  The T$~~T_ TsP_ INPt IT -and 3h T—U P—OUTPUT

modules then invoke the annro ri-:te subordinate mo dules to

nerforma the I/o oncration. The subordinate n-modules con-

t a i n  the I/o handlers  for  the nart icul -ar device then-r c on-

trol . The DISPLAY—OUTPUT -n-o~ u lm r -n-ill :rrrn-nien-irl - ,te the con-

tent s of a buffer -hose contents ~
- - ill be continuously

mi - in-ned onto the d in - n - l aIr device by a—t b  s-aLa -e c i in-p la- .y  dri—

t a r .

The LIBRARY— .gd”ICUTIV r (a? i~çure 25) is invoked ‘—‘hen the

-J SL Q— UP — d: SCUTIV d receives the LIBRAT~Y co aan -acn -a- ,nmi f r~mre the

user. The LIBRARY~a~~EOUTIVh resnonds by r ca-n est ing the

user to choose one o~ the follo ;ing ontions : Cre~ te ,

dtore , FJ in - ’-i lrn -y , Purge , -Uter , Lis t  or -dnd . If the user s--n-—

~uests --n y  other func tion, the LIBRAI3Y— ~CUTIV S ‘ciii out—

put ri error me sa3 ’a - go ‘ap i reneat the ram c;uest . If the er

o nt a -r a c  the hID funct ion , the LIBIi~d 1Y—dTS CU TI V Tm ~ v-ill re turn

control to the SST—L JF— Ji ( , 2OTJTI V -
~~ . For ‘~~I~ of the other

function -a , thn -  LIBI~ t~5~y~ ~C UTI n - T .I i n v o k e a —  the aPnroDriate
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n-aLes-din--ate n o l a n - T n- , - - a I ‘n - - sn - se - ; to tk n- ta nam ordal e any m 1 . -a-n-c—

tion p r- r e :t orn  mahich  h-ave ha-en innutted.

For the a J d r -~ATS c o - amaam c a n d , the L113t ~Y—: hId CU TIV~n-i invokes

~~~~~~~~~~~~~~~~~~~~~~~~ ~~~P I ~~
] 

~P u r~ e 1 ~~~te r 1 ~ ]
Inter cL c c  e

IN OUT
15 c rea te  n- n- -a r - s r -n - eta -r n- display code , user rn -ma ss- - ace
16 index , n y r n - b o l  n ’a raa a mn - aa . user n-m en -nan -es

17 m aca symbol ncar eiS ,user mn -ca -a-cage

‘ 

lB inn -c a:  user men-sages
19 alter function ,p ar - a -wa -- .  —iiis ’~la -ay out’mn-ut , user c a e S a r .
d) list function user n-n-on-sages, m dc c -:  t - —

‘ole , na - in -ocr  of indexes

Figure 2hI Library I-iode Sxecutive

the OREATS module. The O1~d~ATE module and i ts  subordinates

(Fi~~re 6) manor-: the user to enter the p- -rarneters r-:hich

define a symbol , and to output th -a -t  acay r r ib o l  on the dionl ay

n-n- it is being created. Jhon invoked , the CdddTS module
- 

-

. checks to determine if the user h a s  entered rn -ny nar’-n-n-’ietei- :

- - i th  the OPSA TE co m ma - n-nd . If no n:.n- metes-ca: li ve bc ’an en-

tered , the Gma~T—PAflAIJSTS R a~IoJul~ is c a ll an -cl to r-oc~uest the

‘n-n-er to enter a n-as-a-n-rector. Only one n -i- - e t E ~r in-- n -n - :n - a a ned

a- 
to the VALIDAT S—P A ] ilSTSi -iao-dule e r C h  t in-ic it in - c ‘lice ,

so if the user ha-s entered a eerir.c n-f r’,m ar ar :e t er s ,  the VA—
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LIDAT2—PARAMETr~R module “ill be invoked once for each n-ar- :.—

meter in the series . If a ~-arameter is m v—rh -I , the VALI—

IGet 1 Val idate IConvert Tempor- Clear
[Param J Param ~~ I~~

e
r~~ 

ary

Interf ac e
IN OUT

user messages
parameter user message , van- l inT n~ r - a.

J3 valid parameter display driver code
JL ~ display driver code
25 ——— cl-ear din-n-lay con-n-m~n-i

Figure 26. Create T~’iodul~-’ anal Subordinates

DATS—PARAMETER module returns an error roessrcige .

A valid CREATE command n-n-ar-n-meter is nan-sn-ed to the CON—

VERT—TO—INTERNAL—FORM module. A1thou~h the ca—an -ct- symbol

representation -~:hich -- ~‘ihl be used is not k n o -n , it in-’ as—

suaried, that the user inputs viii have to be converted to ma

d i f fe ren t  form to be used by the DISPLAY—OUTPUT modul e , and

to be stored in the symbol library. The converted p a - r n - c-n-m e—

ter  is passed to the DISPLAY—OUTPUT modul e and to the TEM—

PORARY-S TORE module.

The TE~~ ORARY—ST 0RE module n-ccumulates the individual

:~~~. . 
converted CREATF parameters to define a complete symbol .

The -- tccumulated ‘nararneters (called Symbol Dat -i) are ~~e - -ted

- -~ ~
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as an abstract data type (discussed in the last section of

this chapter). Abstrac t data types use the “information

hiding” approach by considering a data structure and its

accessing -and modifying procedures as a separate module

(Ref 2:1056). Thus , the PEIVPORARY—STORE modul e invokes the

PEMPORARY—SYIMBOL—STORE modul e (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

proces sed , the CREAT E module invokes the GET—P ARAJ~ETER mo-

dule and repeat s the series described above . If the user

enters the CLEAR command , the CLEAR modul e 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 modul e is called ‘by the LIBRARY—E)~ECUTIVE

when the user enters the STORE command . The purpose of

this modul e 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

STORE module is invoked , it first checks to determine if

F the user has entered art 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—P ARAMETER S module is

called. This module invokes the TEMPORARY—SYMBOL—STORE
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16/
Store  1

JGet 1 IStore
‘Index I ISymbol
I I IForams-

Interfac e
IN OUT

26 ——— user message

27 index error message

Figure 27. Store Module and Subordinates

a module (Figure 40) to retrieve the Symbol Data. The Sym-

bol Data and index are then passed to the LIBRARY—MANIPU-

LATION module (Figure 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—MANIPUL ATION module returns an indicator that the

index is already in use , the STORE—SYMBOL—P ARAMETERS mo—

dule will return a message to the user indicating that the

STORE operation was not performed.

Then the user wants to display a symbol that is

stored in the symbol: library , he input s the DISPLAY com-

mand to the LIBRARY—EXEC UTIVE. The LIBRARY—EXEC UTIVE then

invokes the DISPLAY modul e (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 a moe—

sage to the user requesting that an index be inputted. The

a 
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index is passed to the GE T—SY MB OL—PARAM E TERS modul e which

uses the LIBRARY—MANIPULATION module (Figure 41) to fetch

the symbol parameters from the library . If the LIBRARY—

17/

r’5
~

’°’
~ I

IGet —
~~1 iGet

J~Index~~j  L~mbo
Parp ms .

Interfac e
IN OUT

28 ——— request for index

29 index error message , symbol
parameters

Figur e 28.  Display Module and Subordinates

MANIPULATION module returns an indicator that the index was

not found in the library , the GET—SYMBOL—PARAMETERS modul e

output s an error message to the user. The symbol para—

meters are passed to the SET—UP—OUTPUT modul e , which dis—

plays the symbol .

The LIBRARY—EXEC UTIVE 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 request for an index. The index is passed to the

DELETE—SYMBOL module which passes the index and a purge

function to the LIBRARY—MANIPULATION modul e (Figure 41).

- 

- If the index is not in the library , the DELETE—SYMBOL mo—

t 
- 
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dule returns an error message to the user.

If the user want s to test the effects of symbol die—

[Purge

2v~~~~Delete ~ j
Symbol

Interfac e
IN OUT

30 ——— user message
31 index error message

Figure 29. Purge Module and Subordinates

play dynamics on the symbol which is currently being dis-

played , he input s the ALTER command to the LIBRARY—EXEC U-

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—

a 
- 

quest to the user if a function has not been inputted. The

GET—VALID—FUNCTION moduj e calls VALIDATE—F UNCTION to check

if a legal function has been inputted , and returns an er-

ror message if the fun~ation is invalid.

After a valid function has been inputted , the GET—VA-

LID—FUNCTION module requests the user to enter the function

parameters , and invokes the CHECK—SYMBOL—DISPLAY-DYN AMICS—

PARAMETER S to determine if the parameters are legal . If

the parameters are ii~ -~~al, GET—VAL ID—PARAMET ERS requests

the user to reenter the parameters .

-t
66
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~~ ter 1

Va lid 1 ~ahd 1 IPe~
0rm

Function I Params . Function

_ _ _  

36/ 
_ _ _  _ _ _

Validate Check Perform erform Perform Perf orm

~~~~~~~~~~~~~~~~~~~~~~~~~ I~~~~te ~ ~
J itte r 

~ I~
i brate I

Check ~Check 1 jC heck 1 Chec k
Rotate I~ei~hte J ~~ tter j  Vibrate

- 

- 

Interfac e
IN OUT

32 function user messages , valid func .
33 valid fm-ic. & params user messages , valid param s
34 valid func . & params display driver code

35 function error message
36 params, valid func . error message , valid param s

37 valid rotate params display driver code
38 valid add/delete params display driver code

a 39 valid jitter params display driver code
40 valid rotat e params display driver code
41 rotate params error message , valid params

42 add/delete params error message , valid params
43 jitter params error message , valid params

44 vibrate params error message , valid params

Figure 30. Alter Module and Subordinates

When the user has entered a legal function , with va-

lid parameters , the PERFORM—FUNCTION module is invoked ,

which in turn calls the appropriate subordinate module to
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perform the function. The PERFORM—ROTATE , PERFORN—ADD/

DEL ETE , 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 sequenc e , 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 ALT ER command is inputted , which dis—

continue s the alter function operations and returns con-

trol to the LIBRARY—EXEC UTIVE. a:-

The PERFOR M—ROTAT E , PERFORM—ADD/D ELETE , PERFORM—J IT—

PER 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

becaus e 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 probl ems associated 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 out-put the indexes of

the symbols in the symbol library . When the LIST command

is inputted , the LIBRARY—EXEC UTIVE invokes the LIST modul e

(Figure 31), v-thich checks if the user has inputted an op—
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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—

~~~~t o n idex

Interfac e
IN OUT

45 ——— user message
46 ——— number of indexes
47 ——— index table

Figure 31. List Modul e

sen. The GET—NUMBER—OF—SYMBOLS and GET—INDEX—TABL E both

use the LIBRARY—MANIPULATION module (Figure 41) to per-

form their functions.

- 

- The HANDLE—SET—UP—PARAMETERS nodule (Figure 31) is

invoked when the user enters a command from Tabl e 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 command other than- SET—UP—PAR AMETERS , the VALI—

DATE—PARA METER S modul e is invoked. This modul e first de—

termines if the user has entered the parameters for the

command . If the arameters have not been entered , the

• - 69
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~~ Iidate Store ~~~er f o rm

Params. Params . unct ion~J

Check [Chec k Chec k ~Chec k Check Check
St im.Lis t 1T ime Mask ~Print DiSP- SeQj sp . Dyn .
Params. Param

,

~
,,

~~~rc.~~~ Param s - params. 

6
Check Check Check Check heck Chec k
Sta t ic  I Dyn. Rotate Add /Del . J J itter I Vibrate
params . j  Params - Params - Paro ms . IParams - I Params .

65
Generat e IStatic
Masks

Interfac e
IN OUT

48 valid command , pararns err mess , params, stat masks
L~9 stat masks , comm , paraii~50 function, index err mess , list of param s
51 ——— user message
52 valid command , params err mess , params, stat masks
53 stimulus list params err mess , valid params
54 time -params err mess , valid params
55 mask type & params err mess , param s , stat masks
56 print params err mess , valid params
57 display seq pararns err mess , valid params

v 58 sym disp dyn pararn s err mess , valid params
59 static mask params err mess , static masks
60 dynamic mask params err mess , valid params
61 rotate pararns err mess , valid params

• 62 add/delete params err mess , valid params
• 63 jitter params err mess , valid param s

64 vibrate params err mess , valid params— - 65 valid static params static masks

k . Figure 3?. Handle Set—Up Parameters Module
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GET—PARAMETERS module is called to request the user to in-

put the parameters. The command and parameters are pa ssed

to the CHECK—FOR—ERRORS module. This modul e invokes the

appropriat e subordinate module to validate the command na—

rameters .

Valid set—up parameters are treated as an abstrac t da—

-

t 

ta type (called Current Set—U p Parameters ) as discussed at

the end of this chapter . The valid commands and parameters

are passed to the STORE—PARAMETERS modul e ‘~hich invokes the

SET—UP—PARAMETERS—MANIPULATION modul e to enter the pararne—

ters into the Current Set—Up Parameters data structure.

The CHECK—STIMULUS—LIST—P ARAMETER S module uses the

LIBRARY—MANIPULATION modul e 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 ~-.ill only contain the

indexes for the symbols, with the appropriate parameters

being retrieved from the symbol library when the stimulus

is needed.

As discussed in Chapter II, the system is required to

generate and store static masks before beginning execution

of an experiment. Thus , CHECK—STATIC—P ARAMETERS invokes

the GENERATE—STATIC—MASKS modul e if the mask parameters

H are valid , and this module produces the masks . The static

masks are then passed to the STORE—P ARAMETERS modul e which

enters the masks into the Current Set—Up Parameters data

structure.
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50\
Perform
Set -up

IGet Store IReload 1 IPr nt 1 Erase
~~~ on 

_ _  L I L I  _ _

~~~ J~~~~~~/73\ 74/ \ _ __ __ _

IGet V ol id at él iStore I / 75 76 \ Get IValidate I~eiete~~ 1
d Store ~~~~ I! \ Index lErose Bulk

L!Lex Index If arams . ________ linc iex Pararn~j

Get 1 IVaIidate 1ILoad~~1Index I~~~~~11~~~msJ
Interfac e

IN OUT
66 ——— user message

67 index error message
68 index , bulk ~~rams error message

69 ——— current set—up params list

70 index user message

71 ——— user message

72 index error message , valid index

- 
- 73 valid index

74 —— — error message

75 index error message , valid index

76 valid index

77 ——— user message

78 index error message , valid index

79 valid index

Figure 33. Perform Set—Up Parameters Function Module

The PERFORM—SET—UP—FUNCTION S module and its subordi—

nates (Figure 33) execute the SET UP PARAMETERS com mands

which were discussed in Chapter II. /lhen this modul e is

1? 72 
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invoked by the HANDLE—SET—UP—PARAMETER S modul e , 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 reciuest 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 modul e checks if the user has entered an

index and uses the GET—INDEX modul e to request an index if

one has not been entered. The index is passed to the VA-

LIDATE—STORE —IND EX modul e 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

a valid index , the STORE—BULK—SET—UP —PARAMETERS module is

invoked to store the parameters in a permanent file (again

using operating system routines).

If the user enters the SET—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

recrll and purge set—up parameters 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 modul e uses the
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.SET—UP —P ARAME TERS_MANIPIJIIA TION modul e to enter the re-

trieved parameters into the Current Set—Up Parameters data

structure .

Experiment Execution Mode. Then the user wants to ex-

ecute an experiment, he inputs the E)~~ERIMEN T EXEC UTION
command to the SYSTEM—EXEC UTIVE , which then invokes the 

—

EXPERIMENT_EXECUTION ...EXEC UTIVE (Figure 34). This module

~~~~ j t ~n~ 
_J~~

onsoIe1 

~~~~~~ I I r ~r~In  put  me nt __________

IConsoI e IDis p Iayl IMass IPrinter
~Output I~~tput ~p~~rage [output

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
85 ID info , exper results
86 ID info , exper results

H - Figure 34. Experiment Execution Executive and Subordinates

output s a message to the user stating that the system is

in the Experiment Execution mode.  The PERFORM—E)~~ERIMENT

74
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modul e is then called to handle execution of the experi-

ment. .Vhile the system is in the Experiment Execution

mode , the CONSOLE—INPUT and EXPERIMENT—OUTPUT modules ma-

nage the system I/o .
In addition to user messages, the EXPERIMENT—OUTPUT

modul e is also passed the experiment results , which con-

sists of the stimulus displayed , subject response and sub—

ject response time information. This information is passed

from the PERFORM—EXPERIMENT modul e to the EXPER IMENT—OUTPUT

modul e 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—E)CPERIMENT module (Figure 35) is in—

81
Perform
Experi-

ment

~~~~~~~~~~~~~~~~~~88~ ~~~~~~~~~~~~~~~
Get 1 IPerform ~1 lEnd
ID ~ Xper~ I ~xper i-

I I~~guence I Lrnent

Interfac e
IN OUT

ID request
~-P subject response stimulus, masks , exoeri—

nient results
P9 —— — end experiment message

Figure 35. Perform Experiment Module
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yoked , it calls the GET—ID modul e 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—

na-ted 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 (Figur e 36) use the set—up parameters (which were

created in the Set—Up mode) to control the experiment.

These modules all have access to the Current Set—Up Para-

meters data by using the SET—UP—PARAMETERS—MANIPULATION mo—

duj.e which is discussed at the end of this chapter.

— When invoked by the PERFORM—EXPERIMENT module, the H
PERFORM—EXPERIMENT—SEQUENCE module calls the ACKNOWLEDGE-

MENT—SYMBOL module to output the acknowledgement symbol,

indicating that the experiment sequence 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 dis~layed , the STIMULUS mo—
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Er:1
Ac know IMask s 1 ISt imu Ius Responsel
ledge ment
Sy mbo l 

________ ________ ________

•

Mask 1 Mask ~einforce4 ~~mpute1~Modify 12 ment I IResponse l iSti mulus

* -
~~~-~~~ 101 ~_~~~~

- 
ISymbol I Ilime I lL i st

I lO
~~~

z
~~~~~t2L

~~t ati c J t~~~
a mc  I

Interface
IN OUT

90 ——— acknowledgement symbol
91 mask required (1 or 2) m ask1, mask,,92 ——— stimulus

93 response , stimulus response time , reinforce-
ment symbol

94 ——— mask1
95 ——— mask 0
96 ——— reinforcement symbol
97 response response time

98 stimulus, response
99 ——— static mask

100 ——— dynamic mask

101 ——— static mask

10? ——- dynamic mask

Figure 36. Perform Experiment Sequence and Subordinates

dule is invoked to output the appropriate stimulus. The

— I- MASKS module is then called to output the second mask.

Next , the RESPONSE module is called to output the reinforce—

ment symbol (using the REINFORC EMENT—SYMBOL module), record
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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-.LI ST). The ACKNOWLEDGEMENT—SYMBOL modul e is

then invoked to begin the next display sequence.

The STIMULUS module (Figur e 37) invokes the GET—STI—

}mu Iu~~~~~~~~~~~~~

~~tirnuIus J IMQdifiCQ 1

lOrdered IRandom Perform IPerform I form iPerform
- 

- 

l 
J L ist J L is t Rotate I~e~ te J~it ter [Vibrate

Interface
IN OUT

103 —— — 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—MODIFIC ATIONS 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

module (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. ~-Vhen the user inputs the DATA ANALYSIS command to

the SYSTEM—EXECUTIVE , the DATA—ANALYSIS—EXECUTIVE (Figure

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

user informing him that the system is in the Data Analysis

mode . The ANALYSIS—INPUT module handles the input Ooera—

tions for the analysis mode . ahile in the Data Analysis

mode , the system receives user comm tnds from the console

( handled by the CONSOLE—INPUT module)  and also inputs ex—

~eriment 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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Analysis Perform AflQl y S iS
In put Analysis Output

Console - su lk Console Printer
I n p u t  I n p u t  

_________ _________

Interface
IN OUT

111 input type console & bulk inputs
112 exp results, predictor

matrix, user commands user mess, analysis results
113 analysis results, user

messages
114 ——— console input
115 ——— bulk input
116 user messages

117 analysis results ——— -

Figure 38. Data Analysis Executive

A f t e r  the DATA—ANALYSIS—EXECUTIVE has informed the

user of the system operation mode , it invokes the PERFORM—

ANALYSIS module (Figure 39). This module invokes the LOAD—

DATA modul e which requests 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—

sage if an invalid input is given. The CONFUSION—OPTION

I : -
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IPerfo~friJAnaIysis

Load lconfusion lPredictor]
Data 1Option loption

IResponsel Reactio~] Percei~~] Ic3et Rank 1 IAbsolut&1
~‘4atr ix Time I tage I IPredictor Co lIa ~ I ~~ista nce I

I Matrix_j Matrix I IMatrix v I ICoIIaps !J
Interface

IN OUT
118 results ID user mess, exper results
119 exper results, c ommand confusion matrix, user

parameters messages
120 confusion & predictor collapse results, user

matrix, command params messages
121 command params, experi— response confusion matrix

ment results
122 command params, experi— reaction time confusion

ment results matrix
123 command params, experi— percentage confusion

ment results matrix
124 ——— user mess, predict matrix
125 command params, predict collapse results

& confusion matrix
126 command params, predict collapse results

& confusion matrix

Figure 39. Perform Analysis Module and Subordinates

module then calls the appropriate subordinate module to

perform the desired function. These subordinate modules

contain the routines to generate the confusion matrices

discussed in Chapter II. If the user inputs the PRINT corn—

mand, the generated confusion matrix is outputted to the

printer.

81

-- -~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -



r~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
- -

~~
--

~
-- -

~~

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 requests the user to input the type

of collapsing routine to be performed , and the associated

parameters. The RANK—COLLAPSE or ABSOLUTE—DISTANC E—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—U-p

F 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
ABSTRAC T DATA TYPE OPERATIONS

Symbol Data
OPERATION REQUIRED INPUT PA1IAMETERS

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 Param eters
OPERATION REQUIRED INPUT PARAMETERS
Add set—up parameters, parameter type
Fetch parameter type
Reload set—up parameters

The Symbol Data is accessed through the TENPORARY—S~~ —

BOL—STORE module (Figure 40). This module performs three

operations on the Symbol Data: Add , Fetch and Clear. When

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 operation 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
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Jrempora~ 1Symbol
Store

Add J Fetch 
~~] 

J CIear 1
Data Eata I ~~ I

SYMBOL

eTA

Interface
IN OUT

0 operation, parameters symbol data
1 symbol parameters
2 ——— symbol data
3

Figure 40. Temporary Symbol Store Module

on the Symbol Library and its index table. The operations

that a calling module can request are: Store or Purge a

symbol index and corresponding symbol parameters, 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 program passes

the symbol index and symbol parameters to LIBRARY—MANIPULA—

TION. The LIBRARY—MANIPULATION module invokes the PERFORM—

INDEX—OPERATION module with a request 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—

_______

~_ibraryJManipula-
I t ion

- s-

~ :x:~1 ~~~~~ation J

~~
-
~</ 5\~~~~~7~~~~~~~ e7 

_ _ _ _

~Search Add ~DeIete I~~~F~] ICount 1 IAdd 1 beiete ] [Return
Ilndex Index J Index ~~~xes J ~ndexes ~SymboI I ISymboI Jsymbo t

Interface
IN OUT

0 operation, index , params error cond, params, indexes

L operation, index error cond , param location
- 

- 
2 operation, params locat. parameters

3 index found/not found, value

4 index , value

5 index , index location
6 ——— index table

7 ——— number of indexes
8 location, parameters

9 location
10 location symbol parameters

Figure 41. Library Manipulation Module

MANIPU LATION. If the index is not found , ADD—INDEX is in—

yoked to enter the index into the index table. Next , LI—
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BRARY—MANIPULATION invokes PERFORM—SYMBOL—OPERATION to en-

ter the symbol parameters into the symbol library (using

ADD —SYMBOL ) .

The Purge operation is -performed in a manner sircilar

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 t abl e entry. LIBRARY—MANIPULATION then invokes PERFOR M—

-SYMBOL—OPERATION to delete the symbol parameters from the

library.

To Recall symbol parameters for a given index , LIBRARY—

MANIPULATION invokes PERFORM—INDEX—OPERATION to search the

index table. If the index is found, it~ v-tlue (the loc~ —

t ion 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—SYMBOL—PARAMETERS to

fetch the parameters from the library.

When the calling module requests a Count of the num-

ber of indexes in the table , the PERFORM—INDEX—OPERATION

module is invoked , which then invokes COUNT—INDEXES. The

contents of -the in-lex table can be returned to the calling

module by using the Fetch operation. This oneration is ~l—

so handled by PERFORM—INDEX—OPERATION , which uses FETCH—IN—

DEXES to -perform the o~ eration.

- L 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 4 2 ) .  These modules perform the fol-

lowing operations: Add parameters to the data structure,

Fetch parameters and Reload the contents of the data struc-

ture.

When a calling module wants to enter iiew parameters
a

into the data structure, it calls the SET—UP—PARAMETERS—

MANIPULATION nodule 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 parameters, and the new parameters are written over

any parameters which may have been previously entered.

The FETCH—PARAMETERS module is used to perform the

Fetch operations. A calling module can request 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 requested by the STORE—BULK—SET—UP—PA—

RAMETERS module (Figure 33) to perform its function.

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 bias also Present::.
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et-uppa-
aneter

am p.
1 2

Add Fetch ~ j~~~oad ]
Params, Params. 

~!~ararns. I
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4 5 6 7 8 9 All tim. me ask nt isp. Isp.

List ~ . Para. ara. n.

qd Add Add dd dd dd
V tim ime ask rint tsp. Disp.

st Parc. Pare. Para~ Seq. Dyn.

C U R R E N T
SE 1- UP
PARAMETERS

Interface
IN OUT

0 operation, params set—up parameters
I operation, param type ———
2 operation, param type set—up parameters

• 3 set—up params
4 stimulus list params
5 time params

• 6 mask params
7 print params
8 display seq params

V 9 display dyn params
10 ——— set—up parameters
11 ——— stimulus list params
12 ——— time params
13 ——— mask params
14 ——— print params
15 ——— display seq params V
16 ——— display dyn params

Figure 42.  Set—Up Parameters Manipulation and Subordinates
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V. RESULTS AND CONCLUSIONS

Introduction

The purpose of this chapter is to discuss the results

obtained from the software structure design and the con-

clusions drawn from these results.
.5

Results

The requirements definition for the Multimode Matrix

Display Perception Tests was accomplished in both an infor—

mal manner (Chapter II) and in a rigorous manner (Chapter

III). Requirements definition is one of the most difficult

and most important phases of a development project (Ref 1:

• 5). The requirements definition presented in Chapters II

and III provide concise and thorough functional specifica—

• tions for the system, which allowed the development of the

: 3 design nresented in Chapter IV.

The application of structured design techniques re-

sulted in a sound modular design which will be easy to i~n—

plement , modify and maintain. Most of the modules in the

• design are relatively small, allowing 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 ana1y~iL and structured

design techniques during the early phases of a development

project helps to prevent a lot of probitnis frequently en-

countered in the implementation of a sys~em. Avoiding the

tendency to begin coding software early in the project not

only results in a better implementation of the system, but

it also avoids a lot of coding modifications which might

have to otheraise 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
V 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

better to perform the requirements definition and the m i —
• tial design phase of a project arid use the results of this

work to decide on the best hardware to use. However, the

I~~N project office recently ordered a PDP—ll/45 minicompu—

ter system to be used to implement the perception test sys-.

tern. Therefore, it is recommended that the system which
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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. For example , the operating system

should be studied to determine how much of its I/O support

can be used to implement the I/O 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 die—

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

H the modules than the functional description presented in

• Chapter IV. The flow charts should be developed in enough

detail so that the software code can be produced from them

in the chosen programming language.

Before coding is started, it is necessary to develop

the design specifications for the system. These specifi—
V 

cations will consist of constraints on the system memory

size, response time and other constraints.

It is recommended that formal test procedures be de—
~~~~~~~ V V 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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Ap~ endix A

READING STRUC TURED ANALYSIS DIAGRAMS

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 7.

Diagram Syntax

Structured analysis models are created by decomposing
V 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) and once based on

the subject’s data (data model).

A structured analysis model consists of labeled boxes

and arrows. Inside a 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 a verb (to

express action) and in the data case it is a 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

V 
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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control

(activity
input 

• 
name or output
data item)

mechanism

Figure 43. Structured Analysis Box Labeling

.~ach of the four types of interface arrows represents

a particular kind of interface. For an activity dia.1~r~•m ,

the interfaces between activity boxes are data items, since

data is commonly passed back and forth between activities.

The interfaces between data 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 (called the

child). This parent—child relationship is represented by

the node number assigned to a diagram. For example, if

diagram “AY’ contains three boxes numbered from one to
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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

“All” , “A12” , etc., depending on the number of boxes con—

V 

tam ed 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-,•.V i , the parent diagram, rethink the message of

the parent module, observing the ax~r~ov~r fe-e4ing t~ and

from the parent module.

3• Referring back to the child module, see how arid

V 

where each arrow from the parent context attaches 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-

.

. I rows should be examined in a clockwise manner, going around

each box.

• 5. Finally, read the text for the child diagram to

• confirm or alter the interpretation gained from considering

L. the diagrams themselves.
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