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ABSTRACT
In view of the recent breakthroughs in memory chips I electronL::
fieldguides are becoming more feasible, specially when they
o:Efer better portabili ty and faster information access whet.
compared to conventioLal fieldguides. In this report we discuss

, the importance of Lnexpens Lve electronic fieldguides which at
the same time provide suitable user interface for maximum
inff _~ation transfer. The implications of software a~chitecture
are discussed during the course of designing the software model
of a bird identifier fieldguide. This model is used to evaluate
the behavioral performance and effectiveness of the user
interface; both of which play a vital role in establishing the
cost of the device ~ These observations are brought together in
conclusion, where the potential role of electronic iieldguides
in the domain of education and science are highlighted.
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CHAPTER 1- APPLICATION OF EL~CTRONIC FIELDGUIDES

1.1- BACKGROUND

A fieldguide as the name suggests is a means Clf providing
guidance (knowledge or information) towards the process of
making certain field decisions. Field environments are defined
by those situations where the means of getting valid infc,rmation
are not favorable. The prevailing of such a situation is due to
the lack of one, or several resources:-

* Convenient access to domain expertise.
* Efficient communication channel to provide rapid infor~ation

access.

De~endi~g on thr complexity of the subject, fieldguide
implementations can 'varyfrom a simple chart to a comprehensive
manual. Naturally, the value of a fieldguide is directly related
to the complexity ~f the subject, and therefore to the amount of
stored information and catered functionality . Fieldguides of
major significant.are usually implemented in book form, using
t~xtual and graphical representations to compile domain
expertise. But situations that warrant the use of these
fieldguides, involve considerable amount of information
processing. This results in two major inadequacies:-

* Fieldguides become voluminous and inconvenient to carry
around.

* To speed up information retrieval, better communication
channels must be catered for. In books this is done by
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copying information in several search categories. This

redundancy will further increase the size of the book and

results in less portability.

,
Electronic fieldguides access domain expertise electronically.

If designed properly, the communicationchannel can yield much

faster information access, when compared to conventional

fielc'g'"ddes. Moreover, recent enhancementsin the area of memory

=apacity[l], make electIonic fieldguides more portable. The

potential sound/imageprocessing capability of these devices is

a further advantage to certain applications, where sound and

image info~lIlatjon provide the most powerful, and somer.Lmes the

only, meansof furnishing expert guidance.

Provided the mechanics of the software is completely decoupled

from the database that it manages; the electronic fieldguide can

readily be fed from a selection of da ..bases to specify it's

domain of expertise. Admittedly, due to the diversity of

applications, some software adjustments will be necessary to

cater for the new functions. But this modification can be

minimized by carefully choosing applications that share these

functionalities. For instance, all animal identification

fieldguides share the size, color, and habitats specifications.

But perhaps the most powerful means of employing this t1~e of

software-database independency is through database grouping. In

other words, the database may be partitioned into several

logical groups based on key application areas. For example in

the domainof wild flowers one can partition the database into

geographical areas such as Eurc.pe, Africa or Asia. This

page -2-
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technique can be used to overcome possible memory limitations

associated with database storage.

The cost of any product is as important as the function it

serves to provide; and fieldguides are no exception to this

fact. It is therefore important that the cost of field~aides be
limited to certain feasible boundaries. These boundaries may

differ from one application to the next, but it is vital to be

aware of this context. The final cost of a fieldguide must be

justified in the corrcext;of its application.

1..2- OBJECTIVES

The obj ect of 'C.he following work is to investigate the

feasibility of producing cost effective fieldguides, capable of

g>t.oring significant size of information. Cost considerations

demand that the trailing edge of the leading edge of technclogy

be exploited. Further cost. reductions may be achd ev ad through

coding techniques which se~ve to extract maximum technological

benefit from available memory dev~ces. However, whilst the issue

of memory has great relevance here, this issue is not the theme

of this work. The emphasis here is on the functional and

architectural ill\pactof the supporting software. The evaluation

of this software model will provide the fundamental guidelines

and valuable insight into the computational needs; and assessing

the effectiveness of the man-machine in\.erface (communication

channel). Both th9 hardware engine and the Man-Machine Interface
(MMI) have a profound impact on the cost of the aevice.
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Due to relative availability of in-house expertise in the area
of bird identification, this subject forms the environment for
developing the envisaged software model. Ths bird identifier is
an application of electronic fieldguides, in the domain of bird
recognition and identification.

1.3- THE CHALLENGE OF BIRD IDENTIFICATION

Roberts [2] and Newma.n[3] are wel~ known f ieldguides in the
domain of bird identification. fhey provide the user with
comprehensive textual and graphir'dldescriptions of different
bird npecies. The identificatl~n process begins with
cone...ntrating on the known facts and clues about the cited bird.
These initial search conditions help narrow down on the nwru~er
of candidate species, and therefore speed up the identification
process. This exercise, however, is not always trivial, when
the database is large. For instance in South Africa alone, as
many as 911 species have been registered. In North America this
figure is in the order of 435.

Furthermore, amongst some bird species (war_ f, •i~
, .~ pipits, larks)

the degree of similarity in appearance is such that the only
means of ide.ntification is the call sequences that they
generate:. The absence of visual contact is another situation
where the bird call recognition becomes the only route to
identification. Examples of such situations are wetlands and
forests. Obviously, one can not hope to find any assistance from
paper-based fieldguides such as Roberts, when faced with sucl,

situations. This type.of shortcoming further justifies the need

Page -4-
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for electronic fieldguides like the bird identifier.
But j n spite of the sound rep:t'b')ductioncapability, the bird
identifier should be viewed as a <.::omplementarytool to guides
like Roberts, for they still carry a vast amount of detail
information.
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3.. 4- SUMMARY

Advantages of electronic fieldguides:-

* Fast information access
~ Better portablility
* Sound processing capability
* Application context may be reddily' changed by r?-pl<rcingthe

database.

Guidelines for producing electronic fieldguides:-

* Inexpensive final device
* User-friendly communication

information access.
channe l, which provides rapid

* Use of effective coding techniques.
* Convenient choice of 30ftware architecture.

1

1



CHAPTER 2- THE BIRD IDENTIF ~ER FIELDGUIDE

2.1- THE TASK AT RAND
The bird identifier project is in fact. a collection of three

separate efforts.,
1) The investigation in efficient methods ef ceding and

storing graphical dat.a,

2) The investigation of efficient methods of coding and
regeneration of bird ca.lls.

3) The producing ef a personal computer model to develop and
asses the implications of software architecture.

The fact that the first two endeavcrs are ~till under

investigation, ~as forced us to restrict the software model to

text type information only. As far as the objectives of tlLis

work is concerned, this choice will not have a great bearing on

cur investigationse

III this chapter we will sta:r.t by discussin~ the architectural

choice of the bird identj_fier. Wewill then continue with the

system specifications, by considering the general and detailed

behavior of the identifier and it's MMI.Althoughb~rd image and

bird call are not implemented.in the final model, for the sake

of completeness these facilities will be included during

behavioral desc~iptions.
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2.2- ARCHITECTURAL DESIG17 STRl"TEGY

From the point of view of software engineering discipline,
software should be designed for the four fundamental goals of
modifiability, effici~ncy, reliability and understandability.

The specifications will describe features and functional
properties of the bird identifier which should be adequate in
addressing the bird identification exercise. However, this
design is regarded as a discovery design, and therefor it is
Fore than lik:?lythat other functions and facilities will have
to be incorporated to accommodate the features which have been
overlooked from the present description. In such a situation
where a clear functionality of final system is not realized, it
is imperative that modification and growth should readily be
absorbed by the software.

While functional decomposition methods provide the powerful and
efficient "divide and conquer II notion, they are inherently
fragile to change[6,7]. This is because the method gives rise to
a hierarchical structure in which changes such as inclusion of
new modules or rleletion of existing ones, specially in the
embedded levels of hierarchy, result in major architecturlal
break-ups.

On the other hand an expert system approach does seem to be a
natural solution to the present design. A closer examination of
e)"'Pertsystem properties will in fact reveal the conczary of
.Ls misconception. Expert systems are inherently highly

interactive in the sense that almost every initiated activity is
quarried in orde~ to bring about user awareness and pro":.ride
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clarification on the system status. This state of affairs may be
convenient, to the novice uaez , but this situation will soon
become reversed as a reasonable level of competency is reached.
At this stage the user has gailrledenough experienced to know how

relentless interrogation scheme of the system will constantly
get in the way of the user, providing a barrier between the task
at hand and system capability. Recalling that fast information

to perform a task, and realize it's implications. But the

access is a prerequisite criteria for defining a fieldgutde, it
becomes evident that the expert system approach is inconvenient
and even detrimental to this application.

In contrast, Object-oriented Design (OOD) approach to systems
design is not bound by such anomalies and it is also highly
impervious to modifications[6]. This is because the system is
formed from a group of-objects that are highly independent and
encapsulated, resulting in a flat hierarchy. The issue of
modifiability is vital to the survival of th~ bigger s~~tems and
those of discovery designs, where the full behavio~al
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specifications of the system is not clear I initially. In this
regard the bird identifier is very much a discovery design, in
as much as the full implications of the envisaged system
behavior will only become manifest after device has been put
into use.

The issue of understandability is also strongly addressr';dby the
000 approach, since objects directly emulate the real world
model, and thus make a great contribution to the
undestandability of the system.



Based on these observations i.t was decided that the OODstrategy

was the most suitable architecture for -the bird identifier.

2.3- BEHAVIORAL SPECIFICATIONS

Physical characteristics and bird call, form whetwo major means

of bird identification. The bird identifiar i~ a hand-held

device that identifies the bird species that satisfy a set of

user defined descriptions. The function of the identifier is to

provide a set of user selectable features for defining

description:; of the cited bird. These selected features are then

comparedw:i'ththe database to provide the user with a list of

bird spec::"esthat match the ,given descriptions. An example of

features (o:r attributes), is bird size, bird coloring, etc.. A

typical sessLon would start: by initiaJ iz:i.ng all selected

a·ttributes; meaning that the entire database will be available

for use'.':'Lnspect.Lon, Howeversuch a vast. list can not possibly

be of ;:.'!L.Y heLp to the identification endeavor. Sv the user will

continue to truncate this list by selecting the noted features

of the cited. bird. With each subsequent enabling of a feature

the list of matched birds wil~ be decreased from the maximum

value corresponding to the full database.

Following the completion of the feature select;:m activity, the

user will th.en initiate a scan and match activity to view the

list of bird species that have matched the at.tributes

constraints. In this manner the identification task will be

simplified t.o a case of cncosIn r from a handful of possible

species rather than bein9 faced with the entire database of

birds.
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In order to aid the process of final identification the user can

be provi ded with a graphical description or a playback of the

bird call. Once the user has identified the species of interest

from the list of matched birds, additional information on other

characteristics 1 such as migration habits f etc. can be

furnished.

other uccfuL functions, such as bird count.tng, will be

incorporated to complementthe two main activities of attribute

specificatiol1~ attribute modI'>,and bird matching, find mode,

Later in 61ec'~:-:ion:3.4 we will discuss the role of these

complementary functions. In the following s2ctions the terms

features ~;~::>'ibuteswill be uaed int~rchangeably to denote

the same Lrd characteristics.

It it; vita i.mpact of each attribute selection/de-

selection; on the t::';.irL~ruf qualifying species, be available to

tbe user at the earli&r't possible opportunity. It seems natural

to assume that such information should be furnished in the find

mode following the scan and match activity. But this would

necessitate the invocation ...,fscan and match ac"t:ivity, each time

an attribute parameter is changed. "ro avoid 'this unwarranted

operation it was decided to display and update the number of

matched birds, whilst still in the attribute mode. In this way

the user is continuously advised of the ~ffectiveness of his

attribute selections, without having to view the actual list of

matched birds.
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2.4- TECHNICAL SPECIFICATIONS

,

The technical specifications are aimed at providing an

acceptable performance (ie. speed of execution), low cost of the

device and a simple but effective user interface. As far as the

software model is concerned the issue of performance will have

to be addressed in the implementation stage. We will therefore

proceed to discuss the user inter.face and it's implications.

In the recent years it has become vividly clear that the user
interface (or MMI) I constitutes a significant component of a

system[4.]. In comparing the MMI of operating systems and

adventu:r:e games, Bern.ice[5] identif.ies the following

characteristics:-

* Tunnel vision Vs. World vision:
- The vast majority of operating systems are based on textual

command-driven interfaces and therefore provide very little
information on the systeln's structure and it's capabilities.

- Through graphics interfaces, adventure games convey a high-

level picture of the syste"'.J.'sstructure and the tasks it

supports.

* Rigid syntax Vs. Flexible syntax:
- In the operating systems environments there is no room for

flexibility in syntax. There is only one way to issue a

command, and it must be phrased just right.

- Adventure games often provide several alternatives for

issuing commands. The user is provided with quick command

format as well as a relatively longer but more descriptive
format.
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* Insensitivity Vs. context-awareness:

- In operating systems, insufficient feedback, obscure

messa.gesand lack of contextual awareness proj ects a rather

hostile environment to the user.

- Adventure games can play a collaborating role in getting

clarification or confirmation from the user. Also in

providing information or help to the user the context of

the system's activity is considered.

* Inconsistency Vs. Consistency:

- Existence of multiple interface styles within the same

product, resul ts in confusion and discourages the user. A

sever case of inconsistency can ultimately guarantee the

failure of a product.

- The creators of adventure gamesbeing :Eully aware of these

implication" I have taken measures to ensure consistency

throughout the package, and in most cases, this consistency

has even been carried-out across the ve~dor products.

* Copious DocumentationVs. Intrinsic dooumerrcati i.ont

- To compensate for the lack of communicationbetween the

system and the user, manuals of substantial volume are

written. Generally there is a universal attitude towards the

using of these manuals. Users like to start on the basics

without having to resort to manuals to perform even the

simplest of tasks. They rather spend their valuable

time, getting result.sl and are only' prepared to refer to the

system manuals whenusing the more complicated and advanced

features of the system.
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- Attention to the ele.ment,sof user interface can make

extensive documentation unnecessary 0 Examples of these

interfaces are abundantly available amonqst;adventure games"

In view of the above observations, conscious effort is made tf::>

adopt the UMIconcepts of computer games. A key factor i:n

achieving this is the need for graphical capability. Meanwhile

to address the issue of cost, severe limitations on the

graphical capabilities must be imposed. It was decided t~ adopt

simpler graphics in favor of reducing costs I but at the same

context sensitive help would be utilized to alleviate the

reduced global vision. This was considered a necessary measure

to ensure that the cost of the identifier would remain

comparablewith other conventional guides such as Robert's book

of birds.

2.4.1- DISPLAY UNXT

In the light of our primary object of cost reduction, a modest

two line liquid crystal display of twenty characters length is

chosen as the display unit.

In order to exploit the full benefit of the display in creating

a goodMMI,it was partitioned into five windows.

* WI is eighteen characters long and serves to indicate the
menuheadings.

* W2. window is one character long and is reserved for
indicating that the text on window 4 continues to the
right. (»)
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* W3 window is one character long and is reserved for
indicating that the text on window 4 continues to the
left. (<<)

* W4 is twenty characters long. It is the area where the
~~rrent entry of the menuis written.

* W5is of four characters in length. This windownOl.'1llally
supports the number of matched birds. It also serves to
display the number of found birds when in the 'List Found
Birds' Menu; number of selected attributes when in 'List
Attributes' menu.

W4

Yigure 2.1- Display unit of the bird identifier and
it's allocated windowsegments.

An early model of the bird identifier, developed in the

depurtment, provided the experience to crystallize other desired

functions and a more improved system behavior. In this model a

single key was dedicated to each category of features. Our

experience from the use of this model showed that the mere

abundance of keys, presel'lted a barrier to the user as it was

introducing an element of confusion. FTlrther.more,the growth of

the number of attribute categories demandedthat more keys be

utilized, and therefore served to increase the cost of the

device. Based on this experience it was decided tel abort such an

arrangement in the present model. Instead, a single Select ~

would serve to access these attribute clusters, through a
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hierarchy of menus. A top levlalmenu would support a list of the
different available categories of attributes, where the Select
key acts to activate the chosen category. In the same way that
the Select key will transfer the system's activity down the
hierarchy of menus/activities, an Escape key will transfer
activity by ascending the hierarchy chain.

In section 2.3 we identified the find and att~.bute modes as the
two major areas of activity. All other functions may be
classified as belonging to one of these two modes. In this
regard the identifier may be viewed as performing two parallel
but dependent tasks (modes). In the effort of creating an
efficient and user-friendly means of switching between these
modes, a Mode key \rasused. The function of the key is to toggle
system activity from one mode to the other whilst conserving the
context of the suspended activity. This approach will avoid the
inherent impediment associated with unwinding nested m.enus.
ThUS, the member of the find or attribute mode. Functions
associated with each mode are related through a hierarchy
structure where the Select and Escape keys are the means of
access. The Help key is the last member of the function keys,
and provides the relevant explanation as to the behavior of the
active function. Finally fO\lrkeys are dedicated to navigational
purposes.
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2.~.2.1- NAVIGATION KEYS
NORTH(A): a) Scrolls up through the menu items. At the first

entry, the next depression will wrap around the
list to display the last entry.

b) Increments the bird count t when in Bird count
menu.

SOUTH(v): a) Scrolls down thr(,;J.ghthe menu items. At the last
entry, the next depression will wrap around the
list to display the first entry.

b) Decrements the bird count, when in the bird Count
menu.

EAST(»: Scrolls a word to the right when displaying texts
longer than the display width.

WEST «): Scrolls a weLd to the left when displaying texts
longer than eha display width.

SELECT:
2.~.2.2- FUNCTION KEYS

ESCAPE:

HELP:

MODE:
(A/F)

a) Provides access to subordinate menus.
b) Toggles an attribute.
c) Produces bird call, when in Bird Call menu
d) Produces bird information, when in Bird Information

menu.
e) Zoom in, when in Bird Image menu.
a) Provides access to a higher level menu.
b) Aborts an action.
c) Zoom out, when in Bird Image menu.
Provides context sensitive help.
Provides a means of context switching between the
attribute selection and listing of r.:andidate bird

species.

Notice that a power key is of li.t") significance to the purposes of
the softWare model, and ha~ therefore ~een avoided. In fact it
was envisaged that the actual device coul~ automatically switch
to a low-power standby mode following a predefined lapse of
keyboard inactivity. it was decided to include a power-off key
so that the context saving of the last active process could be
tes:ted upon re-entering the program.

Page -16-



2.5- SUMMARY

The lnajor resolutions of this chcLpterare listed below:-

* An Objetc-centered approach will used for the design of the
bird identifier.

* Cost implications and MMI considerations determine the MMI
choice.,

Figure 2.2 shows the physical appearance of the identifier.

Naturally, as far as the personal computer model is concerned

the LCDand the keyboard will be emulated.

Attribute Menu

3-Hiking TrailEj

Figure 2,2- Depicted figur1eof the hand-held bird idntifier

-'I-
v I >_1-

<

AlPHlp SelEsc
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CHAPTER 3- DETAILED BEHAVIORAL DESCRIPTIONS~,.-•..-

3.1- INTRO~UCTIOH
To complete the behavioral specifi':le"ions of section 2.3, in
this cahpter we will describe the detailed behavior of all
system activities. Key behaviors in the context of each activity
and in relation to neighbouring activities are fully described.
finally, these desc~iptions are brought together to e~~ibit an

,

overview of the system behavior.

t
~,

3.2- ATTRIBUTES MAIN HElm

Figure 3.1- Attribute 1,1ainMenu

The attribute main menu supports categories of selectable
features, in addition to the utilities menu, Features 1 to 5
form the long term attributes, since they would normally remain
unchanged during a bird finding exercise, whilst features 6 to

Attribute Main Menu

1 - countries
2 - National Parks
3-- Hiking Trails
4 - Towns and cities
5 - Bird S~nctuaries
6 - Habitats
7 - status
8 - Bird Families
9 - Size

10 - Feeding Habits
11 - Features
12 - Coloring
13 - MaI.·kings
14 - utilities

,'}

---------------------------
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13 are short t;ermed attributes, in tha,t rapid changes in these

features is J.leCC''Jsaryto bring about final identification.

The utilitieu menu is a means of defining dev:i.ce features that

mayhe specified by the user, such as response times of the key

depressions.

The menu ti tle is listed in window2 of the display, and the

current eintry occupies window 4. Figure 3.2 shows a typical

example of the display in the attribute menu, where the current

menuitem is item number3 "Hiking Trails".

Attribute Menu

3-Hiking Trails

Figure 3.2- A typical display of the Attkibute MainMenu
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3.2.1- KEY BEHAVIOR IN ATTRIBUTE MAIN HEftY

The Escape key is tLe only key that is not valid in this menu.
The Select key 'Will invoke the attribtlte sub .~.1enus.

------,
--» «--------

Attribute
a) < >

v Main Menu Esc Sub-Menu

Help
------ ....-»

A C\ttribute
J b) < > Help

v Malon Menu Esc
~

--» «----._.---

~

A/F 1

--------)
A At+:ribute Find

C"J < >v Main Menu AjF Mode
--» «.--------

ligure 3.3- Full_~~phical description of the Attribute Main
Menu.
a) R1alationship of the Attribute Main !-1enuand

i·t's sub-menus.
b) RelationShip of the Attribute Main menu and

it'l::jhelp menu.
c) Mode switching with Attribute MQin Menu as the

currently active menu.
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3.3- ATTRXBUTE SUB-MENUS
The countries sub- .cenu is shown below as an example. other sub-
menus are listed in Appendix A.

Attribute Sub-Menu (Countries)

1 - South Africa and National states
2 - Lesotho
3 - Swaziland
4 Namibia
5 - Zimbabwe

Figure 3.4- Attribute Sub-menu of countries

The display format of this menu is consistent with the main
menu, in the sense that the title of the current menu wil~
always occupy the top linw on window 1, and the menu item will
occupy the bottom line on window 4. This consistency is vital to
the M.M. I as discussed in chapter 2; and thus it is upheld
throughout the entire design. Figure 3.4 shows a typical display
situation.

Countries

5-Zimbabwe

Figyre 3.5- A typical display of the Attribute SUQ-menu

I
I
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3.3.1- KEY BEHAVXOR IN ATTRIBUTE SUB-HElmS

All keys are valid in this menu. The Select key is used to
activate/deactivate featuresc

Sel----------
1'\ Attribute Toggle, a) < > Current

I v Sub-Menu Attribute
I --» <.:--------

Help
--------»

1'\ Attribute
b) < > Help

t v Sub-Menu E::;c
--» «--------

~ ~-I

A/F
--------»

1'\ Attribute Find
c) < >v Sub-Menu A/F Mode

_'-» «--------

Figure 3.6- Full graphical description of the Attribute
,gub-menus
a) Attribute selection/deselection
b) Relationship of the Attribute Sub-menu and

it's help menu.
c) Mode switchin~ with the Attribute Sub-menu as

the currently active menu.
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3.4- UTILITIES MENU

utilities Menu

1 - set initial key delay
2 - set scroll rate
3 - Enable counting in List Found Birds
4 - Enable extraction in List Found Birds;

Figure 3.7- utilities Menu

Initially , this menu was designed to provide the user with a
facility to adjust the keyboard response time and scroll rate of
the navigation keys (items 1 and 2). The experience of an early
version of the identifier proved that it was converrLerre to
provide the two functions of bird counting and extraction within
the List Found Birds. The latter function acts to drop an entry
from the list of found birds.

Due to the limited keyboard, however, it was decided to employ'
the utilities menu to define which of the two functions would be
available to the List Found Birds menu (items 3 and 4).
Functions represented by items Land 2 do not have bearing on
t.he purpose of this work and thus they were not implemented in
the software model.
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3.4.1- KEY BEHAVIOR IN UTIL~~ES MENU

--»

'.Jtilities!A

Menu
Toggle state
of CUrrent
Function

Sel

a) < >
v

«--------

Help

--» «--------

--------»
A

Menu Esc
Help

utilities
b) < >

v

~ A/F
f -.;11-------»

A utilities Find
c) < >

v Menu A/F Mode
--» «--------

Figure 3.8- FVll graphical description of the
utilities menu.
a) Enable/disable function
b) Relationship of the utilities menu and

it's help menu.
c) Mode switching ,:lith utilites as the

currently active menu.
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Items ~ to 5 represent sub-menus, while items 6 to 9 are

Find Main Menu

~ - List Found Birds
2 - Clear All Found Birds
3 - List Attributes
4 - Clear All Attributes
5 - List Matched Birds
6 - Inc/Dec Bird Count
7 - Information on Bird
8 - Bird Image
9 - Bird Call

Figure 3.9- Find Main Menu

selectable items to define the type of function that can be
accessed when in List Matched Birds menu. In other words, When
viewing the list of candidates in List Matched Birds menu, one
of four functions can be performed on the current listed bird;

1- Edit the bird count.
2- Obtain more information on bird.
3- View the image of the current li:sted bird.
4- Generate the call of the current listed bird.

Only one of these functions can be selected at anyone time.
Here is an example of the display format of this menu. Notice
th~ text indicator of window 3, deno·ting that more text lies to
tne right and may be accessed th.rough the right arrow key (East
key) depressions.

Figure 3.10- A typical di§.pla~LQ.;tt:tASLl'indMenu

'--_ ..

Find Menu »

2-Clear All Found Bi
---------
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Sel-----~--
1\ Find Enable function

b) < > in List Matched
v Main Menu Birds menu

--» «-------
t
~, ---I Help--------»

1\ Find
c) < > Help

v Main Menu Esc
--» «--------

:3 • 5. 1- REY BEHAVIOR IN FIND MAIN MENU

Sel

Sub-Menu
a)

,
-------~>~

Find Find
< >
v Main Menu Esc

--» «--------

A/F--------»Find Attribut:e
d) < >

v Main Menu A/F' Mode
--» « ._C-" __

Figure 3.11- Full graphical description of i:he Find Main Menu
a) Relationship of the Find Main Menu and it's

sub=me.nus; relevant to items 1 to 5.
b) Selection feature of items 6 to 9.
c) Relationship of the Find Main Menu and it's help

menu.
d} Mode switching with the Find Main Menu as the

currently active menu.
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:3 • 6- FIND SUB-MENUS

This function is a very important facility of the identifier, as
it is the mechanism that keeps track of the list of cited birds.
This is done by attaching a non-zero count value to a bird
species in the List Matched Birds menu. The List Matched Birds
produces a list of birds the match the sellected attributes, and
is therefore a dynamic list, since the sellected attributes keep
changing from one session to the next. In order not to lose the
bird of interer,t through modifying the sellected attributes, a
bird count serves to tag the bird. All tagged birds will then be
avaialable in List Found Birds.

Each entry in the list is identified by a family name, and a
species name. Only one entry is displayed at anyone time. The
bird family is displayed at the top line in window 2 and the bird
name at the bottom line in window 4. Here is an example of the
display format of this menu.

Falcon

Page -27-

1-Lanner Falcon

Figure 3.12- A typical display of List Found Birds

3.6.1.1- KEY BEHAVIOR IN LIST FOUNDBIRDS,

The utilities menu specifies which of the two fuction are
accessable in this menu.
A) Count Bird: Count value is changed using north/south keys.
B) Extract Entry: The Select key extracts the current entry fr()m

the list following final confirmation.



a) < >
v Found Birds <~---

Sel--------» -» Message:
A

A

AjF
List

«--------

------,--»

d) < >
v Found Birds AjF

--»

Extract Entry

abort
affirm --»

--»_____ Esc

List Sel

Sel--------»
A List Count

b) < >
v Found Bi_ds Esc Bird

J --» «--------
~

~
Help--------»

A List
c) < > Help

v Found Birds Esc
--» «--------

l'~t:tribute
Mode

Figure 3.13- Full graphical description of List Found Birds
a) Relationship of List Found Birds and Extract

Entry
b) Relationship of List Found Birds and Count

Birds.
c) Relationship of List Found Birds and it's help

menu.
d) Mode switching with List Found Birds as the

currently active menu.
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3.6.2- CLEAR ALL FOUND EIRDS

This function clears the list of found birds following final

confirmation. Once clearing has been initiated by the Select

key, the next Select will confirm this operation while the

Escape key will abort the clearing operation. Throughout this

design where a clearing operation of any kind is involved, both

the key behavior and the displc;.y format of the clearing

operation are consistently copied. In this regard the ;:ey

b~b, +Loz' and the display form a generic module, accessible to

other clearing operations.

~ Clear

ESC=abort;SEL=affirm

Figure 3.14- A typical display oi Clear All FoundBirds

3.6.2~1- KEY BEHAVIOR IN CLEAR ALL FOUND BIRDS

Select confirms the clearing operation and Escape aborts the

operation.

--~--»

Sel------» ---------» Message:

Clear All FoundBirds

«------ -------

affirm
Sel

abort -----»Esc

------~~----------~-------
Fig1lre 3.15- Graphical description of Clear All FoundBirds
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3.6.3- LIST ATTRIBUT~~

A list of the selected attributes are provided by this function.
Thi. .lleviates the need fo.•: a manual inspection of each of the
attribute sub-menus in order to confirm selected attributes.
Here is an example of this menu, wh~re i.t is assumed that item 2
of the features menu is ~he current item.

Features

2-Long beak

consistent· with pr-ev Lou.s clearing operations.

Figure 3.16- A typical display of the Li:;;ltAttribu·tes

3.6.3.1- y~y BEHAVIOR IN LIST ATTRIBUTES

The Select key clears the current attribute pending a final
confirmation. Once clearing has been initiated by the Select key,
the next Select will confirm this operation while the Esc~pe key
will abort the clearing operation. The clearing operation is
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--»

List
affirm --»

--»« .... _---

Clear Attribute
Sel--------» -» MessagE::: SelA

Attributes
a) < >

v, abort
Esc

A List
I---~::~-»I.

I
b) < > Help

v Attributes Esc

~
--» «--------

~

A/F I--------»
A List Find

c) < ;;>

v Attributes A/F Mode
~-» «--------

I
Figure 3 .J.7- Full graphical description of List Attributes

a) Relationship of List Attributes and Clear
Attribute.

b) Relationship of List Attributes and it's help
menu.

c) Mod.; switching with List Attributes currently
active.

Page -31-



3 • 6 • 4;':8 CLEAR ALL A~'l':R:IBUTES

In order to set out on a frelsh identification exercise it is

neCE:StSary'th.at all attribute descriptions of thlia last session be

removed ao that new selectionS' can be made as quickly as

pCJssi:Ole. 'l.'his operation clears all the selected attributes

aft~~r fina.l confirmation 0 The display is that of the generic

fonn shownin Figure 3. 12•

~. 4. 1..J KEY BERAVIOI! IN CLEl.:R ALL ATTRIBUTl1f!

Esc

The Select key cC3E1iirmsthe clearing operation, while the Escape

aborts the operationo

Sel

Clear all Attributes

«------_ ---~--
Confirm -----»Sel

------» ---------» Message:

Abort -----»

Fi,m~: .18- Graphi.cal description of Clear All Attributes



3.6.5- LIST MATCHED BIRDS
A list of bird species matching the selected attributes is
furnished by this menu. The format of this list is consistent
with that of found birds. That is the bird family will appear at
the top line of display and the species name at the bottom line.
Here is an example of the display format.

Vulture

I-Cape Vulture

Figyre 3.19- A typical display of List Matched Birds

3.6.5.1- KEY BEHAVIOR ~N LIST MATCHED BIRDS

The second level of this lUenu can be one of four possibilities:
a) Increment/decrement bird count.
b)Information on bird.
c)Bird image.
d)Bird call.

I'tems 6 to 9 of the Find Main Menu specify 'the accessible
function in this menu.
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Sel
--------» *Bird Count:

~ List *Information
a) < > Matched on Bird

v Birds Esc *Bird Image
--» «--------- *Bird Call

, Help

b)
List
Mtched
Birds Esc

Help< >
v

--_ .._----»

--» «--------

J A/F
--------»

~

A List Find
c) < > M.tche.d, v Birds A/F Mode

--) «------.., ..

Figure 3.;W- Full graphical description of List Matched Birds
a) Relationship of List Matched Birds and it I S

sv~-ordinate menu.
b) Relationship of List Matchled rirds and it's

help Menu.
c) Mode switching with List Matched Birds

currently active.

3.6.6- B~RD COUNT

This menu provides a counting facility, to increment/decrement
the COUi.'1tof the selected bird. All bi,,:,dspecdes having a count
value will then become available in List Found Birds.
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Count: 1.9

1.-CapeVulture

Figure 3.21- A typical dfsplay of Bird Count Menu

--» C(--------

I___~~:--»
A Bird Attribute

c) < >
v Count A/F Mode

--» «--- ..._---

a)

b) < >
v

-»______2_» IIh':'!rement
--------»IDecre1tlsnt bird count
« V I ...__

bird count
Bird
Count

Help
Bird --------»

Help
count Esc

Figure 3.22- Full description of the Bird Count Menu
a) Increment and decrement facili+.;ythrough

the North and South keys.
b) Rlationship of Bird Count and it's help

menu
c) Mode switching with Bird Count currently

active.
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3.6.7-_XNFORMATION ON BIRD

Information on the current bird is displayed on winc.ow2 of the

display. This information may be several lines of text, but

access to this text is made through the use of navigation keys.

Here is an example of the display format of this menu. Th\~

content of text information is "Highly versatile bird". Noticle

the colon seperator between windowland 5, and the text on the

right i.ndicator .in window3.

Highly versati: »

--»

----~---»
Help

l.-Cape Vulture

Figure 3.23- A typical disIl,lay of the Information on Bird Menu-

Help

Information

Esc:«--------
a.) < >

v on Bird

AIF--------»
b) < >

v

Informa'tion

A/F

Attribute

on Bird Mode
--» «--------

Figure 3.24- Full graphical descri.p,tion of Infornation on..]ttrd
a) Relationship of Information on Bird and it's

help menu.
b) Mode swithcing \rith Information on Bird

currently active.
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3.6.8- B~RD IMAGE
This menu is different from all other menus in 'two respects.

,

Firstly, the display will serve to support the image of the of
the bird instead textual descriptions. Secondly, the navigation
keys take the role of panning across the full image in the four
directions oF.Northv South, East and west.

3.6 ..8.1- KEY :t.j!n~lJ:OR :IN ;;:/:', ::ri\i
, -......

Sel~.d- _______

Zoom in
A Bird «(--------

J a) < >

~
v Image «-----_ ....

--» Zoom out
~ I --------Esc

jHelp
Bird --------»

A

b) < > Help
v Image Esc

--» «--------

A/F

c) < >
v

Bird
Mode

--.»

__ e::;roo .... __ ... _»

Attribute
A/F

1«--------__ I
Image

Figure 3.25- Full ~aphical description cf Bird count Menu
a) The zooming of the bird image.
b) Relationship of Bird Image and It's help

menu.
c) Mode swithcing with Bird Image curre!),tly

activ-a.

()

1
1

i
1
I
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3.6.9- BIRD CALL

In fact there is no definition of key behavior in this menu.

Bird Call is really a function rather than a menuand therefore

operates in a pureJy passive manner. This function is invoked

from the List MatchedBirds menu.

,
Sel Bird Call

)

--------» -
Generate
Bird
Call

< >
v Call «----_ ..._- -

A Bird

[igure 3.26- The graphical descriptiqn of Bird Call

3 .7- HELP MEW

This manu may be accessed at all levels of the system. The

content of help depends on the context in which help has been

requested.

3.7.1- KEY BEHAVIOR:IN HELP MENU

The system consistency should render minimum help to 1:'e

adequate. the help text is therefor limited to a single line,

rendering the North/South keys redundant.

--»

Help

Esc--------» Return to the
invoking menu

v J

1
I
j
j
l
I

~,I

< >

r.'igure Graphical description oj: the Help Menu
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3.9- OVERVIEW OP THE BIRD IDENTIPIER PUNCTIONS
The integratior. of all system activities is shownby the state

transiti.on diagram of Figure 3.26. This diagram separates the

activities associated with the t\1ll0 operating Eades of the

identifier. It is important to rel!l.lize that transferring of

system activity :fromthe Attribute mode to the Find mode and

vice versa, if;, possible from any s~tate with the exception of

help sta"Ces~

In this chap'l:.er we have complete:ly defineci the functional

behavior of all system actjLvities. The computer game concepts,

have strongly been adherec, to, in order to accommodatethe

important iss1.lesof Section 2. These issues are list~d below in

the same crdez ,

* The ke:rboard has been reduced to a 1!!~n~mumsize, thus
making for a simple to use and cost effec::tive device.

* considering the limitations of the display I a reasonable
global vision has been has been provided by defining
multiple display windows

* Each acti vi ty is
is unique to its
presence of clear
of tile system.

* The consistency of the clearing functions and it's
associated keyboard responses ensur-e system consistency I

which is helpful t.o the user.

represented by a suitable title, which
environment. T1his in addition to the
messages serve to convey a clear status

* The simplicity of the MMIand presence of context
sensitive help make.::lengthy documentation unnecessary.
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CHAPl'ER 4- ARCHITECTURAL D~SIGN

4.1- INTRODUCTION

The goal of this chapter is to apply our 000 architectural

choice to the bird identifier mo';~elo A powerful way of

implementing the 000 concept is through tll~ process/resource

classification of objects. After discussing the mechanics of

process/resource methodwewill then apply the methodto define

the bird identifier system. In a systematic approach to this

levels of abstraction.

task, process/resource decomposition is oarried-ou't at several
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4.2- PROCESS/RESOURCE IMPLEMENTATION OF OBJECT-ORYENTED DESIGN

A process is formally defined as an actor object, and is
re3ponsible for management of the flow of data to and from
resources. The access of data is furnished through well-defined
operations supported by resources as an interface to the outside
world. A resource is formally defined as a server object,,
responsible for the management of data in data aggregates[8].

User Interface
Processes
Operations

I Data structures I
of resources

Figure 4.1- The levels of scope from tht3 outside world
to the heart of_s_process/resource system

The process/resource method is basically an object-oriented
system design appr-oach in that processes and resources may be
considered as objects in their own right. The process/resource
strategy classifies objects on the bases ~f processes and
resources, rather than more routine 000 method of identifying
actor objects and server objects [7]. Nevertheless, these two
methods are essentially equivalent. The former method, however,
is more descriptive in that identification of process and
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I

outsi~ie view of the system to the inside ,"iewof major objects,

and I::m.bsequentidentification of subclasses of objects will

I

resoul:'ce objects I serves to define the scope and environment of

each ~bject. This will result in a rapid identification of the

major objects of the system. The shifting of attention from the

follc,w naturally. Wewill nowproceed to identify the objects

(proc~essesand resourceE) of t.he the system at the highest level

of abstraction. But before embarking upon this task we must

discuss the importantance of isolating the conceptual stage of a

design from it's implementation method.

4.3- AWARENESS OF DESIGN LEVEL AND DOCUMENTATION

It is not difficult to f?'l into the trap of combining 'what' is

to be done with I how' it is done. That is to say the

conceptual stage is influenced by the implementation stage. An

,;I

example in the context of programmingis where the designer's

thinking during the conceptual stage is conditioned by the

employed imp:lementation Lanquaqe, This confusion of interests

can have undesirable consequences, the most serious of which is

the impact on design documentation. It is well understood that

design documentation goes a long way in providing for software

managementand growth[9]. In fact, Schneidewind [10) states that

software should be regarded as a dyn.amicentity inasmuch as it

undergoes change throughout its life, and there is no reason to

distinguiSh between maintenance and initial development. But

I
I
I

i I
i

without good documentation it becomes impossible to manage

growth and complexity.
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Program Description Language (PDL) [11]. PDL is a conceptual
design language that uses the vocabulary of the english language
in conjunction with ayrrcax cf a structured programming language
to form a highly understandable and stru'~tured design tool. In
de-coupling the concept (the "what") fro:m the implementation
(the "how"), the PDL tool can be used to focus I:::...,:·fortson
produ~ing sound conceptual designs prior to the implementation

One way of achieving good documentation is through the use of

stage.

In this design we have employed a PDL[12) tool to concentrate on
the architectural and conceptual issues without being affected
by implementation issues. This PDL description will also form
the back~one of our design documentation. Appendix B contains a
full PDL description of the bird identifier model. Due ..Lt's

the funQtionality of the system processes, at different levelsI
t

powerful descriptive power, we will use a PDL !.>yntaxto describe

of design.

4.4- FIRST-LEVEL DESIGN

At this leval of abstraction the entire system i::; viewec! as
comprising of several classes of objects (high-level objects),
where each class denotes a set of similar but unique objects. A
class serves to factor the common properties of a set of
objects. Here the ~flterface, menu database and the bird database
are identified as the major resources, or classes of objects, of
the system. The bird identifier is defined as process object
which employs these resources t.omanage the system data.
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In the following demographics we will represent resource objects
with oval shapes and the process objects with the recta:1gular
shapes.

/ \ / \
/ \ / \

Read Write
MMI -------> ---IIIII;Ij---> MMI

\ / \ /
\ / \ I

--/ \ I \
/ \ / \Menu Read Bird Write
Database -------> -------> MMI

Identi-
t \ / fier \ /

\ / \ I

L Process
/ \ / \, / \ / \Bird Rend write Bird
Database ._..._---,.:.> -------> Database

dynamic
\ / segments \ /
\ / only \ /

Figure ;.2- First-level description; bird identifier process

PDL description of the bird identifier process:-
Repeat:

Begin:
* Sense the MMI for user commands *
'* Read menu datiabaae or bird database to procest; ccmmand *
* Use the MMI to feedback results to the user *
* Save dynamic data to b::'rddatabase *

End:
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4.5- SECOND-LEVFL DESXGN

Second-level pr~cess and resource decompositions are shown below
Resources:-
Man-Machine Interface (MMI):

Keypad
Screen
Bird call output

Menu databas~:
Attributa mode menus
Find mode menus

Bird identifiez' process:
Attribute process
Find process

Processes:-

485.1- THE ATTRIBUTE PROCESS
This level of abstraction serves to discriminate between the two
maj or activities of t.he system, naiOely that ~)f the At-tribute
Mode and the Find Mode. In Figure 4.3 the Attribute Mode is
represented by the attribute process, and resources of keypad,
screen, attribute menus and selected attributes which provide
the neoessary data to this process. Notice that the the keypad
and screen object.s are sub-classes of the MMI class, while the
attribute menu resource is a sub-class of the menu database.
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/ \
/ \ Read
Keypad ------->
\ /
\ /

I \
/ \Attribute

Mode
Read~------> Process

Menus
\ /
\ /
--/ \

/ \Selected I Read
Attributes------->

I
\ /
\ /

/ \
/ \Write

-------> Screen

\ /
\ /

Attribute / \
/ \-~:~~:->IScreen
I
\ /
\__/

/ \
/ \I Write Selected I

.,-------> Attributes
I

\ /
\ /

Figure 4.3- Second-level description; the attribute process

PDL description of the attribute process:-
Begin:

Repeat:
* Access the menu and write the current item to screen *
* Sense the keyboard for use]: commands *
C~se * Request of *

Scroll: * Scroll up and dO'JTnwi thin the current menu or
right and left within the current it.em *

Menu level: * Move up or down the menu hierarcy *
Attribute toggle: ,~Toggle the attribute of the curxerre

item. ~':

Help: ~h Provide relevaJ[r~:help informc:rtion c,.";

End: Case~
Until: * PrOC®ffiS is te~!ni~ated ~

End:



find process surrounded by a series" of resources relevant to the

Finn Mode. Here the find menus rf!!!SOUJCceis a sub-class of the

~.S.2- THE FIND PROCESS
This description is the counter-part of the previous Section,

but occupies the same level of abst:raction. Figure 4.4 shows the

menu databse, and the bird call cutiput; is a sub-class of the

\ /
\....._---1

write
Screen

MMI resource.. Furthermore, the loird database resorce has been

decomposed into five sub-classeS'i of objetcs.

\ /
\__/

/ \
/ \
Find
Mode
Menus

Read

write------->
/ \
/ \
Screen I

\ /
\___/

r=>.
/ \

I ; ,~d

/ \
/ \
Keypad

.dead------->

-------> ------->

Process

\ /
\._-_--J1

/

I
/
Bird
Database

\
\

Read-------> , write1------->
I' \
/ \
Bird
DCitabase

\ /
\_---'_/

\ /
\.__--JI

r=>.
/ \Put Bird-------> Call
O~\.tput

\ I
\___/

Y?g!l):,q i\ 0 4= Seconq-level description; the find p:r;m~



~DL description of the find proce~
Begin:

Repeat:
'* Access the menu and write the current item to screen *
'* Sens~ the keyboard for user commands *
Case * Request of *

Scroll: * Scroll up and down within the current menu or
right and left within the current item '*

Menu level: * Move up or down the menu hierarcy *
Mode switching: * Terminate process *
Help: * Provide relevant help .information *

End: Case:
Until: * Process is terminated *

End:
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4.6- THIRD-LEVEL DESIGN
Having identified the major objects of the system" we will now
proceed to shift our C!.ttention to the inside view' of these
objects.

Third-level process and resource dacompositions are shown below
, Resou.rces:-

Man-Machine Interface(MMI):
Keypad
Screen
Bird call output

i

I
I

t

Menu database:
Attribute mode menus:

Selected attributes
Find mode menus

Bird database:
Possesed attributes
Bird names
Bird ~~formation
Bir." tnt
Birr 11

Prooess queue

Processes:-
Bird identifier process:

Scheduler process:
Help process
Attribute process
Find proces:

Find main menu process
List Found Birds process
Clear Found Birds process
List Attributes process
Clear Attributes process
Count Birds process
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since the activities of systen";s are centered around the data

that they support, it seems logical to start by defining the

system resources and their opera~ions. However, for the sake of

continuity, resources will be dealt with after describing the

system processes

4.6.1- SYSTEM PROCESSES

4.6.1.1- THE SCHEDULER PROCES~
The purpose of this object is to scheclule the S';,ystemactivities.

since our implementation is based on a flat hierarchy I the

nested menus of the system (see Figure 3.26) will be achieved

by means of a queuing operation. In fact all actvi ties are

scheduled by dequeing from the queue, where t;he ready p'l;'ocesses

await execution. The queue structure will Jbe supported by a

queue resource as shown in Figure 4.6. The exact; relationship of

the nested menusare defined within the disc file containing the

menutexts.

The dual modeoperation of the identifier was stated earlier as

the Find and Attribute mode. The swithcing bet1!Teenthe modes is

the function of the l-f.odekey CAlF key), and is achieved through

the EXCHANGE-Q-BLOCKSopera~:ion of the process queue resource,

where activities related to the find and attributes are kept in

different queues.
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Process;

Ir/ \
/ \Process

Queue
Dequeue Scheduler Enqueue------->

\
/ \Process

Queue------->

\ /
\,------,1

\ /
\'----'/

~

I
I

Figure 4.5 Third-level description; the scheduler process

PDL description of the scheduler process:-
Begin:

Repeat:
* Dequeue a process from the queue *
* Identify the waiting process *
* Execute the process *

Until: * System is turned off *
End:

4.6.1.2- THE HELP PROCESS

/
/

\
\ Read_._-----> Help write-------> Screen

/
/

\
\Menu

Database
\ /
\ /

Process
\
\_

/
/

Figure 4.6 Third-level c1p-scription; 1;;behelp I2rocess

PDL description of the help process:-
Begin:

Repeat;
Case: * Request of' *

Scroll: * Scroll right and left within the help line *
Exit help: * Terminate precess *

End: Case:
Until * Process is terminated *

End:
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4.6.1.3- FIND MAiN MENU PROCESS

/ \ / \
/ \ / \Read write

Keypad -------> -------> Screen

\ / \ /
\ ..I \ _I
/ \ Find / \
I \ I \Find Read Main Menu write

Mode -------> --=----> Screen
Menus Process

\ / \ /
\ I \ I

/ \
/process\'

~
Enqueue-------> Queue

~ \ /
~ \ /

Figure 4.7 Third-level description; find main menu process

PDL description of find main menu process:-
Begin:

Repeat:
* Access the lJ1en'Cland write the current L..em to screen *
* Sense the keyboard for user commands *
Case * Request of *

Scroll: * Scroll up and down within the current menu or
right and left within the current item *

Menu level: * Terminate process *
Mode switching: * Put the current process in the queue *

* Terminate process *
Help~ * Provide relevant help information *

End: Case~
until: * Process is terminated *

End:
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/ \ /
_._\

/ \ / \Read Write
Ke}"Pad -------> -------> 5~.reen

\ / \ /
\ / \ I, List

I / \ I \
I I \ Found / \I Bird Read Write Bird
I Count -------> Birds -------> Count

\ / Process \ /
\__/ \ /

4.6.1.4- LIST FOUND BIRDS PROCESS

/ \
/ \Enqueue Process------> QUEme

\ /
\ I

I -

Figure 4.8 Third-level description; list found birds process



PDL description of list found birds process:-=
Begin:

Repeat:
* Write number of found birds to window 5 *
* write bird name to window 4 ** Write'count number of current bird to window 1 *
* Sense the keyboard for user commands *
Case * RAquest of *

Change count: * Increment or decrement the ccnnt; of the
~urrent listed bird *

, Scroll: * Scroll up and down within the list
right and left within the current item *

Extract bird: * E:~ract the currently listed bird form
the list of found birds *

Mode switching: * Put the current process in the queue *
* Terminate process *

Terminate process: * Terminate process *
Help: * Provide l.-elevanthelp information *

End: Case:
Until: * Process is terminated *

End:
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/ \
/ \Enqueuej Process-------> QueueI
\ /
\ /

4.6.1.5- CLEAR FOUND BIRDS PROCESS

/ \ / \\
/ \ / \Read .-~:~::->I JKeypad --------> Screen II
\ I Clear \ /
\ / \._ j

Found
I \ / \,
I \ Birds / \Bird Read write Bird

Count ----~--> Process -------> Count

\ / \ I
\ r \ /I

Figure 4.9 Third-'level description; cl.f~arfound birds process

PDL description of clear found birds process:-
Begin:

Repeat
* Sense the keyboard for user commards *
Case * Request of *

Confirm: * Clear the list of found birds *
Abort: * Abort the clearing oppration *
Mode switching: * Put the current ;,rocess in the queue *

* ~:rminate proc(:"Jl~ *
( Help: *. Provide relevant help information *

End: Case:
until: * Process j ,-:'terminated *

End;
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4~6.1.6- LiST ATTRIBUTES PROCESS

/
I Read

\
\

Keypad ------->
, \ /

\\_,_---J1

r>.
I \ISelected I ReadIAttributej------->
\ I List
\ I Attri.1'·utes
/ \/ \ Process

Possesed I Read
Attributes------->

I
\ I
\,-~

write~----,--> Screeln
\ I
\___/

/ \
I \write Selected I-------> Attributes

\ /'
\'-_-..J/

/ \
/ \Enqueue Process-------> Queue
\ I
\ I

?igure 4.10 Third-level description; list attributes process
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PDL desc;;riptionof list attribute.~process:-

,

Begin:
Repeat:
* write ~umber of selected attributes to window 5 *
* Write title of selected attri.buteto window 1 ** Write name of selected attribute to window 4 *
* Sense the keyboard for user commands *
Case * Request of *

Scroll: * Scroll up and down within the list
right and left within the ourrent item *

Extract: * Extract the attribl1+--:' frontthe selection list *
* Recompile the list of matched birds *

Mode switching: * PUt the current process in the queue *
* Terminate process *

I

Terminate process: * Terminate process *
Help: * Provide relevant help information *

End: Case:
Until: * Process is terminated *

End:
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4.6.1.7- CLEAR ATTRIBUTES PROCESS

I
/ Read

\
\

Keypad -~----->
\ /
''-_--'I, r=>.
/ \Selected I Read
Attributes------->

I
\ I
\ I

r=>.
/ \Possesed I Read. .Attr~butes------->

I
\ I
\___/

I \
/ \Write Selected I

-------> Attributes
Clear I

\ /Attributes ,/
Process

/
/

\
\Write-------> Screen

\ /
\_I-.__ --.;I

/ \
/ \Enqueue Process I

Queue I
\ /
\ I

------->
I

>

Figure 4.11 Third-level description; clear attributes process

(
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PDL description of clear attributes process~..=.
Begin:

Repeat:
* Sense the keyboard for user comnands *
Case * Request of *

Confirm: * Clear all selected attributes *
* Recompile the list of matched birds *

Abort: * Abort the clearinv operation *
Mode switching: '* PU.t the current process in the queue *

* Terminate process *
Help: * Provide relevant help information *

End: Case:
until * Process is terminated *

End.:
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;' • 6.1.8- CO'Ql!TB'IRDS PROCESS

I \ / \
/ \ / \Read write

Keypad -------> -------> Screen

\ / \ /
\_ / \.__ t_~-, J

/ \ / \
/ \ / \

Bird Read Write Bird
Count -------;:.. _,------> Count

\ / Count \ /
\ I \.___I

Birds
/ \

J / \< Process
Bird I Reaa

~
Names 1------->

~ \ /
\ _/

/ \ ,j'

/ \Enqueue Process
---..,.---> Queue

\ /\_ /

Figure 4.12 ~hird-level descriptioDj cQunt birds process
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PDL d.escription of count birds process:-
Begin
* Write bird name to window 4 *
Repeat:
* write count number of current bird to window 1 *
* Sense the keyboard for user commands *
Case * Request of *

, Change count: * Increment or decrement the count of the
current listed bird *

Mod~ switching: * Put the current process in the queue *
* Terminate process *

Terminate process: * Terminate process *
Help: * provide relevant help information *

End: Case:
until: * Process is terminated *

End:

<
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4.6.2- SYSTEM P~SOURCES

In the first-level design, system resources were broadly
identified. In the following sections we will discuss the role

,
of each resource and the operations that they support. These
operations are well-defined interfaces to the outside
environment. They are the tools with which the system processes
manage the flow of system data. This formulation of resources
will furnish the 000 concepts of encapsulation and abstraction.

The funct.ion of each operation is described together iltiththe
passed parameters. Each operation is represented by an operation
name i'ollowed by a list of passed-in parameter which are
surrounded by a set of parenthesis, followed by a list of
passed-out parameters.

4.6.2.1- THE SCREEN RESOORCE

This resource provides the display interface of the bird
identifier in addition to the writing and clearing operations
associated with it's management.
Data usage:-
Public:

Variable:
REV W4 is t.'lereverse video indicator of windo\'1'*
W1_SIZE is the physical size of window 1
W4_SIZE is the physical size of window 4
GUIDE ARROW L is the text indicator of window 2
GUIDE:ARROW_R is the text indicator of window 3

Private:
variables:

W1_X horizontal position of left most corner of window 1
W1_Y vertical position of left :n)f.)stcorner of window 1
W4 X hcr Lacrrca), position of l!?,ftmost corner of window' 4
W4:Y vertical position of left most corner of window 4

Constant:
W2_X horizontal position of left most corner of window 2
W2_Y vertical position of left most corner of window 2
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W3_% horizontal position of left most corner of window 3
W3_Y vertical position of left most corner of window 3
.5_% horizontal position of left mo~t corner of window 5
W5_Y vertical position of left most corner of window 5
W2_SZZE length of window 2
W3_SZZE length of window 3
W5_SIZE length of window 5

List of Operations~, 1) O-SCREEN-FORMAT ()
Bellavior:

This operation serves to emulate the s(::r-eendisplay and the
keypads of the identifier.

Interface:
Input: none
output: none

2) O-EXCH-W1-W4 ()
Behavior:

This operation will switch the physical position of window
1 with that of window 4. Effectively the text on the top
line of display is exchanqeo with the text on the bottom
line of display.

Interface:
Input: none
output: none

3) O-WRT-Wl (TEXT DISPLAY)
Behavior: -

This operation writes the passed in text parameter to
window 1

Interface:
Input: TEXT_DISPLAY is the text that is written to window 1
output: none

4) O-WRT-W2 (W2_CHAR)
Behavior~

Indication of text lying to the left of the current
window, (normally W4) i is written into this single
character window.

Interface:
Input: W2_CHAR.is the character assigned to window 2
Output: none

5) O-WRT-W3 (W3_CHAR)
Behavior:

Indication of text lying to the right of the current
window, (normally W4), is written into this single
character window.

Interface:
Input: W3_CHAR is the character assigned to window 3
Output: none
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6) O-WRT-W4 (TEXT_DISPLAY)
Behavior:

The passed in parameter,
Interface:

Input: TEXT_DISPLAY
output: none

TEXT_DISPLAY, is writt£n to window 4

7) O-WRT-W5 (TEXT DISPLAY)
Behavior: -

The passed in parameter, TEXT_DISPLAY, is written to window
5. This window displays thn number of matched birds, or the
number of entries in list, when in sub-menus that support a
list of birds.

Interface:
Input: TEXT_DISPLAY is the text that is written to window 5
output: none

8) O-eLR-WI ()
Behavior:

Clears the content of window 1.
Interface:

Input: none
output: none

9) O-CLR-W2 ()
Behavior:

clears the content of window 2.
Interfacer

Input: none
output: none

10) O-CLR-W3 ()
Behavior:

clears the content of window 3.
Interface:

Input: none .
Output: none

11) O-CLR-W4 ()
Behavior:

clears the content of window 4.
Interface:

Input: none
output: none

12) O-CLR-W5 ()
Behavior:

clears the content of window 5.
Interface:

Input: none
output: none
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4.6.2.~- 'l'HE TEXT MENU RESOURCE

This resource supports the data structure of the text within the
various menus, including help information relevant to each menu.
This datal structJ.re is stored ill a disc file. The operations of
this reStnlrCe provide access to the various menus.,
As far as system processes are concerned all menus c.onsist of a
menu title, menu item, and relevant help information. Some
operations return a status data item to indicate the outcome of
the operation.
Data Usage:-
Public:

Variable:
MENU_ID is the menu-id of the current/invoked process

Private:
Variable:

TXT AR'f is the array containing the text of the menus
FLAG_ARY is the array containing select flag /menu id of
next process
FLAG_NO_ARY is the array .ontaining flag numbers. This
information is used to indicate if the feature belongs to
a group which does not allow multiple selections.
NEXT ID is id of the next menu to which the current item is
pointing
KEY_ARY array of type record; it serves to conserve the
context of each process.

MENU ID is the id of current menu
MENU-TITLE is the title of the current menu
HELP-is a string of text containing help information
C_POINTER is the pointer to the current menu item
supported by TXT_ARY
F POINTER. is the pointer to the first menu item
supported by TXT_AnY
L POINTER is the pointer to the last menu item supp~.rted
by T}""T_ARY

NO OF SELECTED ATTRIBUTES stores the number of selected
attributes -
LIST FOUND POINTER is pointer to manage the list of found
birds -
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List of Operations:-

1) O-READ-MENU- FILE () STATUS_
Behavior:

This operation retrieves
from a disc file.

Interface:
Input:
Output:

and loads the menu text structure

none
STATUS has the outcome of operatir:m successful, or
operatIon failed.,

2) O-WRITE-MENU-FILE ()
Behavior:

This operation will write the ...:'alectedattributes to the
menu disc file before terminating program.

Interface:
Input: none
Output : none

3} O-READ-MENU-TITLE 0 MENU_TITLE, STATUS_
Behavior:

This ope....ation reads the title of the
returns the text via MENU_TITLE.

Interface:
Input:
Output:

current menu and

none
MENU_TITLE captures the title
and returns it to the invoking
STATUS has the outcome
unsuccessful

of the current menu
process.
of successful or

4) O-READ-TXT-ITEM (DISPLACEMENT_) TEXT_ITEM, STATUS_
Behavior:

This operation reads the line of text at the
current/above/below text position. The relative
displacement is defined by the value of DISPLACEMENT .
This text is then returned to the invoking process vIa
TEXT ITEM.

Interface:
Input: DISPLACEMENT_ specifies the requested text is at

current position/above current position/below
current position

output: TEXT_ITEM returns the line of text from the data
structure.
STATUS_ has the outcome of successful or faii

5) O_UPDATE_ATTR_FLAG 0 STATUS_
Behavior:

This operation has a dual function
A) It toggles the state of sel.;ctable featu:r-es(attributes).
B) It serves to activate sub-menus from the higher level

menus.
Interface:

Input:
output:

none
STATUS_ has the
- selected n.enu
- selected menu

outcome of
item was of the selectable type
item was of a menu type
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6) 0 READ NO OF SELECTED ATTRIBUTES () NO OF S ATTRBehavior:- - - - - _
The fuction of this operation is to retrieve the number of
attributes that have been selected, from the resource.

Interface:
Input: none
output: NO_OF_S_ATTR is the number of selected attributes

7) O-CLEAR-ALL-ATTRIBUTES ()
Behavior:

All selected attributes are cleared through this operation.
Interface:

Input: none
Output: nc.,e

8) 0 CLEl1R ATTRIBUTE;
Behavior:

Clears the current attribute from the list of attributes.
Interface:

Input: none
Output: none

9) O-LIST-SELECTED-ATTRIBUTES (DISPLACEMENT_) MENU_TITLE, MENU_ITEM
Dehavior:

This operation will provide the list of selected attributes.
The passed-in parameter, DISPLACEMENT_, specifies whether
current attribute/last attribute/next attribute will be
returned for display.

Interface:
Input:
Output:

DISPLACEMENT defines the direction of search
MENU TITBE returns the menu title of the selected
attribute.
MENU_ITEM returns the the selected item.

O-READ-LIST-FOUND-METHOD () METHOD_
Behavior:

This operation identifies whet- '!>.tractionor bird count
has been enabled in List Fount..':,'::'...5.

Interface:
Input:
Output:

10)

none
METHOD indicates whether bird count or item
extraction has been enabled in List Found Birds

o READ LIST MATCHED METHOD () LIST MATCHED METHOD
Behavior: - - --

This operation which of the four sub-menus have been
enabled in List Matched Birds.

Interface:
Input:
Output:

11)

none
LIST MATCHED METHOD indicates which on of four
functions has been enabled,during List Mtched Birds
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~2) O-FILL-FILTER ()
Behavior:

The role of this oper.ation is to compile a searching
filter based on the selected attributes. This filter
which is basically a short list of the selected
attributes will be employed in the searching of the birds
data base. Instead of returning the filter back through
the interface it is placed in the global environmental
module. In this way redundant data flow is avoided.

Interface:
Input: none
output: none

4.6.2.3- THE QUEUE RESOURCE

This resource provides the facility of que rLnq tha main
activities of ATTRIBUTE and FIND.

Dat& Usage:-

Public:
Variable:

MENU ID is the id of t.:!e current menu.
Private: _

Variable:
STATUS_ is the status report of procedures and functions.
Q_ARY is the array emulating the queue
Q_TMP_ARY is the temporary queue array, used for corrcext;
switching
Q_MIDL is the marker separating the find and attribute
activities
Q TAIL is the pointer marking the position of the last item
in the queue

Constant:
Q_SIZE is the size of the queue sP.tat 10

List ot Operations:-

1) 0- READ-Q-FILE ()
Behavior:

this operation retrieves the queue information from a disc
file, Q_DAT.TXT, when the main program is first run

Interface:
Input: none
Output: none
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2) O-WRITE-Q-FILE ()
Behavior:

This operation will write 'the queue data into file
Q_DAT.TXT when quitting the proqzem

Interface:
Input: none
output: none

3) EXCH..llliG]:-Q-BLOCKS ()
Behavior:

This operation will swap the
corresponding to the Attribute
corresponding to the Find mode, thus
menu-id at the head of the queue

Interface:
Input: none
output: none

segments of queue
mode with segment
putting the relevant

4) 0- FRONT- ENQ () STATUS __
Behavior:

This cpezat.Lon will e~.JUeue the MENU_ID at the bead of the
queue

Interface:
Input:
output:

none
STATUS has the outcome of

o - successful
1 - unsuccessful/queue is full

5) O-DEQ () STATUS
Behavior:

This operation will consume the item
queue, and writes it to the MENU_ID

Interface:
Input: none

output: STATUS_

at the head of the

has the outcome of
o - successful
1 unsuccessful/queue empty

6) INITIALIZE Q FILE () Q_.FILE
Behavior: - -

This operation checks the default drive for the queue file
If it is not found then a second predefined path will be
checked, before aborting.

Interface:
Input:
output~

none
Q_FILE is the directory path where
was found, This is the path where
before exiting from the program

the queue file
queue is saved
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4.6.2.4- THE SCF.OLL RESOURCE
This resource facilitates the function of word scrolling within
the current line of text, which is stored in the variable
TEXT_ITEM. This is achieved by displaying a segment of the text
at anyone time.
Data Usage:-
Public:

variable:
TEXT ITEM is the string text of the current menu item
REV i4 is the reverse video indicator of win~ow 4
Wl SIZE is the size of window 1
W4:SIZE is the size of window 4
GUIDE ARROW R- -GUIDE ARROW L
W_NO Is the-window number of the active window, either 1 or
4

Private:
Variables:

W L POINTER is the window left
W:R:POINTER is the window right
TEXT DISPLAY is the portion of
be displayed on the screen.
TEXT_LENGTH is the length of text in

pointer.
pointer.
tert from the TEXT ITEM to

TEXT_ITEM.
List of operations:-
1) O-INITIAL-TEXT (TEXT_ITEM) TEXT_DISPLAY

Behavior:
This operation extracts the first x characters in the text
contained in TEXT_ITEM and writes it to TEXT_DISPLAY

Irlterface:
Input: TEXT_ITEM contains the current line of text in the

data structure
TEXT_DISPLAY contains a sub-string of text within
TEXT_ITEM, for dislpaying on the screen

output: TEXT_DISPLAY is the truncated text from the current
line to be displayed on the current window

2) O-MOVE-TEXT-LEFT (TEXT_ITEM) TEX"r_DISPLAY
Behavior:

This operation moves the displayed window Qf the t~xt in
MENU_ITEM one word to the left.

Interface:
Input: MENU_ITEM contains the current line of text in the

data structure
Output: TEXT_DISPL~Y contains a sub-string of text within

MENU_ITEM, for difslpaying on the screen
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3) O-MOVE-TEXT-RIGHT (MENU_ITEM) TEXT_DISPLAY
Behavior:

This operation moves the displayed win.do-wof the text in
MENU_ITEM one word to the right

Interface:
Input: MENU_ITEM contains the current line of text in the

data structure.
Output: TEXT DISPLAY; contains a sub-s'tring of text within

MENU:ITEM for dislpaying on the screen

4.6.2.5- BIRD DATABASE RESOURCE

Bird attributes, bird informationf bird name, bird family, bird
S.A number, bird code and bird count data structures are managed
in this resource. operations of the resource allow access to
bird data including the scan and compare mechanism required for
short listing and generation of the list of matched birds. The
stat~c part of the database includes bird attribctes, bird
information, bird name, bird S.A number i' beird code and bird
family; and are stored on a disc fileo The dynamic part of this
database coruprising of thr..bied count is stored in a seperate
disc file.

Data Usage:-
Public:

variable:
MENU XD is the id of the current menu.
BIRD-FAMILY is the family to wh5ch the current bird belongs
BIRD-NAME is the name of the current bi:c.u
BIRD:COUNT is the count number of the current bird

Private:
Variable:

S'l'RATEGY_is the search and compare strategy of selected
attributes against the b~ ~d attributes: four po!=;sible
values. a)no attribute is selected; compile aL'. birds for
display b) only bird family is selected c)a flag type
attribute is selected; bird family is not selected d) bot.h
family and flag type attributes have been selected
NO_OF_MATCHED_BIRDS if:. the number of birds matching the
selected attributes
MATCH_LXST~NO identifies which of the four possible
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functions of a)bird count, b)bird information, c)bird image
or d)bird call have been enabled
NO FOUND B:IRDS is the number of birds with a bird count
greater than zero
FOUND L:IST NO identifies whether extraction or bird count
are enabled during the list found birds
DATA ARY is of the type record; this i~ the bird database

BIR NAME is the name bird
FAMILY is the family of the bird
SAOS Is the South African bird number
FR CODE is the bird habitat code
B:IRD A'l'TR contains the flag type attributes of the bird
BIRD-COUNT is the count number of the bird
MATCH indicates if the current record has matched
attribute specifications

B:IRD_REC is the DATA_ARY record pointer
List of operations:-
1) O-'READ-BXRD-DATA ()

Behavior:
This '.)perationretrieves the static (read-only) segment of
the ~ird database, from a disc file.

Interface:
Input: none
Output: none

2) O-SCAN ()
Behavior:

The bird data base will be scanned and compared against the
selected attributes, to generEte a short list of the
matched birds. This operation

J nt:erface:
Input: none
Output: none

3) O-LIST-MATClillD-BIRDS (DISPLACEMENT_)
Behavior:

The retrieval of bird specie" from -the short list of
matched birds is achieved through this operation. The
passed-in parameter, DISPLACEMENT, specifies whet.her
current/next/p~evious entry will be retrieved. The name and
family of the retrieved bird species will then be written
to the display from the calling pxoccs s, To prevent the
redundant flow of data this information is p~_aced into the
global environmental module, rather than being returned
to the calling process.

Interface:
Input: DISPLACEMENT_ defines the direction of retrieval
output: none
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4) O-READ-COUNT-PILE ()
Behavior:

The bird count information is read from a disc file.
Interface:

Input: none
output: none

v

I

5) O-WRITE-COUNT-FILE ()
Behavior:

The bird count information is written to a disc file
Interface:

Input: none
output: none

6) O-CHANG~-BIRD-COUNT (DISPLACEMENT_)
Behavior:

Bird counts are adjusted through this operation. The
,:ali;~,;ed-inparameter, DISPLACEMENT_, specifies whether the
C~,)il!1t snout d be incremente.d or decremented.

Interiacf<~
Input: DISPLACEMENT_ defines if count should be incremented

0- d~cremented •
.~

7) 0-1...
Beh,~.,'~i;;,

·r'!;.c~':': <~:~;.

--IND-BXRDS () NO_OF_FOUND_BIRDS

COc". i;" ~r"rt...,J.~··

disf;lay tj'~

Birds.
Interface:

Input: none
output: NO_OF_:f\.,;'tJUD_BIRDSis the

'.r.:1.1 retrieves the number of birds which have a
greater than zero. This is neoessary to

;,.;,;)~<11 number of found birds, when in List Found

number of found birds
8) O-LIST-FOUND-BIRDS (DISPLAC~mh~_)

Behavior:
The retrieval of bird species that have a count value of
greater than zero is achieved through this operation. The
passed-in parameter, DISPLACEMENT, specifies whether
current/next/previous entry will be retrieved. The name and
family of the retrieved bird species will then ~e written
to the display from the calling process. To prevent the
redundant flow of data this info·rmation is placed into the
global environmental module, I'ather than being returned to
the calling process.

Interface:
Input: DISPLACEMENT_ defines the direction of retrieval.
output: none

9) O-CLEAR-FOUND-BIRDS \)
Behavior:

clears the list of found birds.
Interface:

Input: none
Output: none

Page -'14-

..J



I

r

10) O-CLEAR-BIRD()
Behavior:

Clears the current bird from the list. of found 1: ..rds.
Interface:

Input: none
output: none

11) O-READ-NO-OF-MATCHEO-BIRDS() NO_OF_MATCHEO_BIRDS
Behavior:

This operation retrieves the number of birds which match
the selected attributes. This is necessary to display t~e
total number of matched birds, when in List Matched Birds.

Interface:
Input: none
output: NO_OF_MATCHED_BIRDSis the number of matched birds

".7- STJMU~Y

During the course .~ this chapter we have covered the powerful

method of process/resource decomposition of 000 obj ects. The

importance of divorcing the concepcuaf, design from the

implementa.tion method. was next discussed. To complement this

disclpline a POL documentation method was adopted. By

partitioning the object identification and classification

exercise into three progressive high to low level stages, the

system processes and resourc(.;!s were described.
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CHAPTER 5- ~ISCUSSION AND CONCLUSION

5.1- ACHIEVEMENTS

,
A personal computer software model has been developed. This
model provides all the prescribed facilities of the identifier
except; the bird image and bird call facilities. 'In spite of
this, bird identification is still very much possible. 'In fact
except for those situa'c:ionswhere bird image and call remain as
the final means of identification, the simple model has proved
to be very practical and efficient. We have provided the bird
identifier model with a bird database of 742 bird species
containing 194 attributes (bird family through to markings; see
Appendix A) • In the interest of simplicity and modifiability
this database is stored in disc file without any compression or
optimizing schemes. Despite this lack of efficiency the scan and
compare mechanism of 'List Matched Birds' activity is hardly
noticeable to the user. Recall that the result of each attribute

j

selection is imnediately fed back to ~he user by recompiling the
list through th4a List Matched Birds operatiol~ and displaying the
number of birds in the list? on window 5.

(
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5.2- IMPLEMENTATION

Turbo Pascal V5. 5 was used to implement the POL descriptions.
The reason for this choice was due to the structured syntax of
Pascal. It furnished a High-level programming platform, on which

one could concentrate on producing a sound system, without

being hampered with language barriers. Conscious effort was made
to avoid the use of complex data structures such as pointers, in
anticipation of making the code more portable. '1. lis was

considered n~c~ssary as the personal computer model would
eventually be imported into a hand-held environment such as a
microcontroller. with this in mind we have further restricted
our 000 realization to the use of Turbo Pascal 'Units'p rather
than Turbo 'Objects'.

The entire size of the bird identifier code is 36 Kb and the
uncoded birds database is 67 Kb r, (A list modul es and their
corresponding code size is listed in Appendix.c.). The programe

code includes extensive status checking of most operations,
indicating the precise outcome of the operation. This was done

to build some degree of self testing into the model; thus making

for simpler debugging.procedure: Once the employed databases are
successfully employed by the software model, the checking

opez-atd.onsmay be removed from the code to ensure that the final

code volume can be comfortably accomodated by a hand-held

device. However, even in the present form, the natabase together

with the program can be supported by a 8051 microcontroller
environment, without difficulty.
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5.3- TESTING

Testing is a vi tal and nt:!cessary part of any software
development. To ensure efficient debugging, the testinq 0ffort
was systematicallY divided into two separate stages; the testing
of individual processes and the final testing of the integrated
system. .All modules were tested individually I prior to system
integrat:Lon. The validation of the 'List Matched Birds' module
was by far the most important exercise at this level of testing.
This was done by truncating the bird database to eleven birds.
Several combinations of features were selected and the list of
generated matched birds were cross-checked with those of the
database. Final testing stage involved the testing of the
functional behavior of the entire system. Due to the simplicity
of the model and it's user-interface, extensive generation of
test vectors was not necessary In fact the final functional
tes1:ing was carried-out in less than thirty minutes 6

S.4·· IMPACT OF SOFTWARE ENGl:y.mERING METHODOLOGY

In I::onformingwith the objectives of this work we will discuss
the software engineerinq implications of design architecture and
deve Lopment; tools of the bird identifier fieldguide.

5.4., 1- OBJECT-CENTERED APPROACH 10 DESIGN

Although the architectural design does non exploit all OOD

concepts such as inheritance, but it does conform to a system
decomposition that is based on the idea of real world objects.
We experienced that this discipline goes a long way in promoting
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the understandability of the system, it's testing and
maintenance. Firstly the object decomposition exercise followed
the behavioral descriptions natura) ly. In this regard the
Attribute and Find Mode descriptions played a two-fold role of

, providing fast and efficient access to the system functions as
well as furnishing a reasonable model on which object
decomposition could be based. secofldly,~'..! effort of testing
and modifications was much simplified, since the scope of
activity was very much localized. Thirdly, because of the
encapsulation property of objects, integration was achieved with
very little difficulty.

5.4.2- TOOL SUP~)RT
In spite of abundance of computer Aided Software Engineering
tools (CASE), u~ers of these tools feel that it will be
sometimes before a comprehensive and yet simple to use CASE tool
package, is made available~ In the case of the bird identifier
design, the degree of complexity did not warrant a powerful
develop~ent' tool. A PDL formatter was used to develop the
architectural concepts of the design and was later expanded to
a more detailed level in order to furnish t~e documentation

( needs of the design. As far as implementation is concerned
Turbo Pascal was used to perform the editing, running and
debugging of code, all wi~in the same enviror~ent.
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5.4.3- REPORT OF DESIGN CYCLE T!ME SCALE

Table below shows the different design sta~res and associated

hours of activity. It is important to state that the figures in

this table represent the h.np amount of time spent in each

stage; as this design cycle was reiterated several times to, completion.

Activity Used Hours % of Total Hours

Architectural Design 10('1 11.8

J Detailed Design (POL) 200 23,.5

~
Coding 180 21.2, Testing 70 8.2

Documentation 300 35.3

Total 850 100.0

(
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5.5- CONCLUSIONS
Even with best coding techniques available today, storing of
sound and picture information places considerable demands on the
required memory space. With rapid advances in the field of

, memory chips and display units, however, electronic fieldguides
offering sound and picture information as well as text are
becoming more feasible. Notwithstanding these powerful
capabilities, the electronic fieldguide remains the fastest
means of information access; and therefore it is far superior to
the conventional i1!lplementations. As we have previously
indicated response time is ~ fundamental measure of capability
and usefulness. A good example of such a situation is in thf.1
field of medical science, where the process of a s~dft diagnosis
is of major importance. Electronic fieldguides can also play a
major role in the educational field, where encouragement by the
way of providing quick solutions, will serve to sustain the
level of interest and will ultimately result in uplifting the
knowledge of the student. This is pa~ticularly true in the case
of the younger user, were it is well accepted that youngsters
are quite fearless of the el~ctronic technology. In fact as the
electronic game market indicates, the sheer element of
curiosity which is shared by most teen-agers? is the first and
foremost advocate. By tapping into this tremendous facet of the
younger generation, electronic fieldguides can provide a
significant contribution towards the pro~otion of science.
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APPE!mI~. A- LIST OF ATTRIBUTE SUB-MENUS

A - Ne_+:ionalParks (provides a single flag for select.ion)
A2.l - Kruger National Park
A2.2 - Mountain Zebra National Park
A2.3 - Karoo National Park
A2.4 - Addo Elephant National Park
A2.5 - Langebaan National Park
A2.6 - Swartvlei
A2.7 - Tsitsikamma Forest National Park
A2.8 - Golden Gate Highlands National Park
A2 •9 - Augl:abies Falls Natiol:lalPark
A2.10 - Bcmtebok National Park
A2.l1 - Kalahari Gemsbok National Park

A3 - Hiking Trails (provides a single flag for selection)
A3.1 - Fal'1ieBotha
A3.2 .-SOlltspansberg
A3.3 - Ot11:er
A3 •4 - out.end.qua

A4 - Towns and cities (provides a single flag for selection)
A4.l
A4.2
A4.3
A4.4
.A.4. S
,A4.6

Joha:nnesburg
- Preboria
- Cape Town
- Port Elizabeth
- East London
- Durban

AS -Bird Sanctuaries (provides a single flag for selection)
AS.l - Barberspan
AS.2 - Rondeblllt
AS.3 - Marievale

etc

A6 - Habitats (provides a single flag for selection)
A6.l - Towns, Parks and Gardens
A6.2 - Roadside Birds
AG.3 - cultivation and Grasslands
A6.4 - Fynbos
A6.5 - Karoo
A6,6 - Semi-desert
A6.7 - Thorn Trees in Grassveld
A6.S - Broadleaved Bushveld and Woodla~d

page "'83-



l
A6 •9 - RivexLne and Coastal Bush : River Edge
A6.10 - Eve; -3"rll~enFores'\:.
A6.11 - Wetlands
A6.12 = Estuaries and Seashores
A6.13 - Oceans
A6.14 - Mountains, Rocky and Grassy Slopes

A7 - status (max. of 3 logically ANDed options)
A7 • 1 - Ab't!iddant
A7.2 - Common
A 7 • 3 - Uncommon
A7.4 - Rare
A7.5 - Vagrant
A7.6 - Summer visitor
A7.7 - Winter 'visitor
A7.8 - Resident
A7.9 - Diurnal
A7.10 -Nocturnal

--flag #1
--flag #1
--flag #1
-~flag #1
--flag #2
--flag #2
-~'flag #2
<--flag #2
--flag #3
--flag #3

A8 - Bird Families (provides a single flag for selection)
AS.l - Albatrosses
A8.2 - Alethe
A8.3 - Apalis
AB.4 - Avocet
AS.S - Babbler~
AS.6 - Barbets
AS.7 Batis
A8.8 - Bee-eat,ers
A8.9 - Bishopo
A8.l0 - Booby
A8.11 - Broadl:lill
A8.:L2 - Bulbuls
A8.13 - Buntings
A8.14 - Bush S:hrikes
AS.1S - Bustards
AS.16 - Buttonquails
AS.17 - Buzzal'ds
A8.1S - Canaries
AS.19 - Chaffinches

\. A8.20 - Chats
A8.21 - cistic!olas
]i..8.22 - Coot
1'..8.23 ~ Cormorants
A8.24 - Coucals
A8.25 - cour-ser-s
AS.26 - Crakes,

t AS.27 - Cranes,
AS.2S - crimscmwing
AS.29 - czombecs

'- AS.30 Crows
A8.31 - cuckoo Fil,ci1es
A8.32 - cuckoohawk
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A8.33 - CUckoos
A8.34 - Cl- :::kooshrikes
A8.35 - Curlew
A8.36 - Darter
A8.37 - Dikkops
A8.38 - Doves
A8.39 - Drongos
A8.40 - Ducks
A8.41 - Eagles
A8.42 - Egrets
A8.43 - Falcons
A8.44 - Finches
A8.45 - Finfoot
A8.46 - Fire Finch(;!s
A8.47 - Flamingos
A8.48 - Fluff tails
A8.49 - Flycatchers
A8.50 - Francolins
AS.51 - Frigate Birds
A8.52 - Gallinules
A8.53 - Gannets
A8.54 - Geese
A8.55 - G,odwits
A8.56 - Goshawks
A8.57 Grassbird
A8.58 - Guineafowl
AS.59 - Gulls
A8.60 - Gymnogene
A8.61 - Hamerkop
AO.62 - Harriers
A8.63 - Helmet Shrikes
A8.64 - Herons
AS.65 - Honeyguides
A8.66 - Hoopoes
AS.57 - Hornbills
AS.68 - Hyliotas
AS.69 - Ibises
AS.70 - Jacanas
A8.71 - Kestrels
A8.72 - Kingfishers
AS.73 ~ Kites
A8.74 - Korhaans
A8.75 - Larks

( A8 ..76 - Longclaws
AS.77 - Louries
A8 ..78 - Lovebirds
A8.79 - Manikins
1..8.80 - Martins
A8.81 1100rhens

t
AS.82 - lriousebirds
A8.83 - l~icator
A8.84 - Night jars
A8.a5 - Orioles
A8.86 ()strich
A8.a7 - Owls
A8.BS - oxpeckers
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A8.89 - oystercatchers
AS.90 - Palm Thrushes
A8.9l - Parrots
AS.92 - Penduline Tits
AS.93 - Penguins
A8.94 - Petrels
AS.95 - Phalaropes
A8.96 - Pigeons
A8.97 - Pipits
A8.9S - Pitta
A8.99 - Plovers
AS.100 - Pratincoles
A8.l01 - Prinia~
A8.l02 - Pytilias
A8.l03 - Quails
A8.l04 - Queleas
AS.105 - Rails
A8.l06 - Raven
AS.107 - Robins
AS.10S - Rockjumpers
AS.109 - Rockrunner
A8.ll0 - Rollers
A8.lll - Sandgrouse
AS.112 - Sandpipers
AS.113 - Secretary Bird
AS.114 - Seedcrackers
A8.ll5 - Shearwaters
AS.116 - Shrikes
AS.117 - Siskins
AS.lla - Skimmer
A8.ll9 - Skuas
AS.120 - snipes
AS.12l - sparrowhawks
A8.l22 ~ Sparrows
AS.123 - starlings
A8.124 - stilt
A8.l25 - stints
A8.l~6 - storks
AS.127 - Sugarbirds
A8.l28 - Sunbirds
A8.129 - Swallows
A8.l30 - Swan
AS.13l - Swifts
AS.132 - Tchagras
A8.l33 - Terns
A8.l34 - Thrushes
A8.l35 - Titbabblers
AS.136 - Tits
A8.l37 - Trogon
AS.138 - Tropic Birds
AS •139 - Tl.1!.:'nstone
A8.140 - Twinspots
A8.14l - Vultures
A8.l42 - Wagtails
A8.l43 - Warblers
A8.l44 - Waxbills
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A8.145 - Weavers
A8.146 - Wheatears
AS •147 - Wh,imbrel
A8.148 - White-eyes
A8.149 - Whydahs
A8.150 - Widow Finches
A8.151 - Widows
A8.152 - Woodpeckers
A8.153 - Wryneck

A9 - S~(provides a single flag for selection)
A9.1 - Larger than a Turtle Dove
A9.2 - About the size of a Turtle Dove
A9.3 - Between turtle dove and Cape Sparrow
A9.4 - About the size of a Cape Sparrow
A9.5 - Smaller than a Cape Sparrow

A10 - Feeding Habits (provides a single flag for selection)
A10.1
A10.2
A10.3
A10.4
A10.5
A10.6

- Flying
- Perching

On Ground
- Wet Areas
- Water
- Climbing and Creeping

All - Features (max. of' 6 logically ANDed options)
A11.1 - Long legs --flag #1
A1.1,2 - Long beak --flag #2
A1l.o3 - Long neck --flag #3
All.4 - Long tail --flag #4
~~:LI.•5 - Fork tail --flag #4
Al.!>.6~ Square tail --flag #4
A11.7 - Bill heavy or hooked --flag #5
All.S - Bill short and conical --flag #5
.A11.9 - Head crested --flag #6

A12 - Coloring (max. of 9 logically ANDed options)
A12.1 - Mostly white --flag #1
A12.2 - Mostly black --flag #2
A12.3 - Black and dark or white and gray --flag #3
A12.4 - Mostly brown --flag #4
A12.S - Yellow or orange present --flag #5
A12.6 - Green or blue present --fla9 #6
A12.7 - Red present --flag #7
A12.8 - Rust or buff present --flag #8

'-.~ A12.9 - Beak, eye or feet distinctively marked #9
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A13 - lwlark:ings(max. of 6 logically ANDed options)
A13.1 - Underparts plain
A13.2 - Underparts spotted
A13.3 - Underparts stripped
A13.4 - Underparts barred
A13.5 - upperparts marked
A13.6 - stripe through or over eye
A13.7 - Top of head distinct
A13.8 - Eye ring distinct
A1309 - Boldly marked sitting or standing
A13 •10 ··Be-ldlymarked in flight
A13 •11 -'Tail longitudinally marked
A1.3•12 ··Tail cross-marked

--flag #1
--flag #1
--flag #1
--flag #1
--flag #1
--flag #2
--flag #3
--flag #4
--flag #5
--flag #5
--flag #6
--flag #6

A14 - utilities (no flags)
A14.1 - set initial key delay (only applies to arrow keys)
A14.2 - set scroll rate (only applies to arrow keys)
A14.3 - Enable counting in List Found Birds
A14.4 - Enable extraction in List Found Birds
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APPENDIX. B- PDL DOCUMENTATION OF THE BIRD IDENTIFIER

***********************************************t*********
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Revision.2 (12/10/90)

Time 12 27

Date 15 10 1990
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Public Constants

-------------0- 1A ·O-----~---------------------------------·----------------------

0 lD_ATTR_M ••is the process-id of the 'Main Attribute' ll\enu
D 2 10_FINr_" ". is the process-id of the 'Mrin Find' menu

f
0 3 1O_HELP •••• 1S the process-id of the 'Help' menu
0 4 IO_COUNTRY • ts the process-id of the 'Countries' menu
0 5 IO_N_PARKS .is the process-id af the 'National Parks' menu
D 6 IO_HIKING .ais the process-id 0" the 'Hik;ng Tre; ls' lRenu

I 0 7 IO_TOIINS ••• is the process-id 0' the 'Towns and Cities' menu
0 8 IO_BIRD_SAN is the process-id of the 'Bird Sanctuaries' menu
0 9 IO_HABITAT .is the process-id of the 'Habitats' menu
D 10 IO_STATUS ••is the proc:ess-id of the 'Status' menu
0 " lD_BIRD-F .. is the process-id of the 'Bird Families' menu
0 12 Io_SIZE .... is the process-id of the 'Bird Size' Menu
0 13 10_FEEDING .is the process-id of the 'Feeding' enu
0 14 10-fEATURE .is the process-id of the 'Features' menu
0 15 10_COLORING is the pr-ee- ,{. - id of the 'co lor'ings' menu

;t D 16 1O_MARKING •is the process-id of the 'Markings' menu
D 17 Io_UTILITY •is the process-id of the 'Util ities' menu

~

~
Public Variables

--~----------D- 10 -0--------------------------------------------------------------
D PROCESS_ID ••••• is the id of the current enu.
D 2 LAST_PROCESS_IO is the id of the of the last process

Private Constants

o MENU_TITLE is the title of the eurrent menu.
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Private Variables

-------------0- 2A -0--------------------------------------------------------------
D

D 2
o 3
o 4
o 5
o 6
D 1
D 8
o 9
o 10
D '1
D 12
o 13
D 1"
D 15
o 16
D 17
o 18
D 19
D 20
o 21!

TEXT_ITEM ••• is the string text of the current menu item.
TEXT_DISPLAY portion of text from the TEXT_ITEM for display on screen.
CONTINUE_ ••• is the booLean variable for the while loop.
STATUS_ ••••• is the status report of procedures and functions.
KEY_ ••••••• is the character containing the pressed key.
C_POINTER •••points to the current entry in the menu
F_POINTER •••points to the first entry in the menu
L_POINTER •••points to the Last entry in the menu
W_L_POINTER .is the window left pointer.
W_R_PO!NTER .is the window right pointer.
CHAR_ ••••••• is a character of the text TEXT_ITEM for testing purposes.
TEXT_LENGTH .is the length of text in TEXT_ITEM.
DISPLACEMENT_ defines verticaL scroll direction relative to current position
ATTRIBUTE_FLAG is an indicator for attribute selection
W1_X is the screen COLUMn poSition of left corner of window
W1_Y is the screen row position of' left corner of window 1
W3_X is the screen column position of left corner of window 3
W3_Y is the screen r~w position of left corner of window 3
W4_X is the screen column po~ition of left corner of window 4
W4_Y is the screen row position of left corner of window 4
W'_SIZE is th size of window 1

o 22 W2_SIZE is th size of window 2
o 23 W3_SIZE is th size of window 3
o 24 W4_SIZE is th size of window 4
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Scheduler Process

**********************w**********************************
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Scheduler Date Usege

C Public Constants:
C 2 Public V3riables:
C 3 ••• PROCESS_ID is the ld of the current .enu.
C I.

e 5
C 6
e 7
C 8
C 9
C 10
C 11
C 12
C 13
C 14
C 15
C 16
C 17
C 18
C 19
C 20
C 21
c 22
c 23
C 24

Private Constants:
•••ID_ATTR_" ••is the precess-Jd of the 'Mein ,Ittribute' menu
•••1D_FIND_H ••is the process-id of the 'Main Find' menu
•••1D_HELP •••• is the process-id of the 'Help' ~enu
••• ID_COUNTRY .is the proces;oid of the 'Countries' menu
••• ID_N_PARKS .is the proeess-id of the 'National Parks' menu
••• ID_HIKING ••i; the process-id of the 'Hiking Trails' Menu
••• ID_TOWNS ••• is the process-id of the 'Towns and Cities' meny
••• ID_BIRD_SAN is the process-id of the 'Bird Sanctuaries' menu
••• ID_HABITAT .is the process-id of t~e 'Habitats' menu
•••IO_STATUS ••is the process-id of the 'Status' menu
••• ID_BIRD_F ••is the process-id of the 'Bird FamiLies' menu
••• ID_SIZE •••• is toe process-id of the 'Bird Size' menu
•••ID_FEEDING .is the process-id of the 'Feeding' menu
•••ID_FEATURE .is the process-fd of the 'Features' aenu
•••ID_COLORING is the process-id of the 'colorings' menu
••• ID_HARKING .is the process-id of the 'Markings' Menu
... ID_UTILITY .is the pro(:'lss-idof the 'Utilities' lIIenu
•••KEY_ is the eharacte- ~cntainfng the preSGe~ key
PDL Description:

J
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Schedlll.er Process

----.-- ... ---p- 5,1. -p--------------~------------------------------------------.---
P

61A P 2
41A P 3

P 4
p 5
p 6
P 7
p 8
p 9
p 10
P 11
P 12
p 13
p 14
p 15

63A P 16
67B P 17

P 18
p 19
P 20

3BB P 21
42A P 22
47A P 23
63,B P 24

P 25
P 26
P Z7

5:$,1.P 28
P 29

6:~A p 30
6'7,1. P 31
6!5A P 32

P 33
P '?-4
I) 35

.1lA P 36
P 37

11A P 38
P 39

13,1. P 40
P 41

16A P 42
P 43

',\3A P 44
P 45

1SlB P 46
P 47

211~ P 48
P 49

22B P 50
P 51

if SYSTEM_ON is false
format the screen [O-SCREEN-FORMAi]
read bird database from fil.e iO-READ-BIRD-DATAl
read text data from file [O-READ-TXT-OATAl
if STATUS is not s~ccesfull [<>0)

cfIf.leSTATUS_
of !11, Text file not found;

TEXT_ := 'Text file not found'
of [ZJ. X Charater ~xpectcd

c'~XT_ e= 'X Character expected'
of [3:, %M Expected

'fEXT_ r= '%14 Expected'
of [4J, XH Expected

TEXT_ :c 'XH Expected'
endc:.ase
write TEXT_ to window 4 [O-WRT-W4]
quit program [P-QUIT-PROG]

else
read queue data from file [O-READ-Q-DATA]
SYSTEM_ON := true
comp{le attribute filter [O-FILL-FILTER)
scan database [O-SCAN]
read number of matched birds [O-READ-NO-OF-MATCHED-BIRDSJ
write number to window 5 [O-WRT-W5]

endif
endif
while STOP_ is falae

dequeue process-id to-DEQl
if STATUS_ is not succefut [=1]

write "Queue Qmpty" to window 4 [O-WRT-W4l
wait for a keypress [O-WAIT]
clear window 4 [O-CLR-W4l

else
case PROCESS_lD
of help

execute Help Menu Process [P-HELPJ
of attribute Menu

execute Attribute Menu P,'ocess tP-ATTR-MEIIUJ
of utilities

execute Utility Menu Process [P-UTILJ
of find main menu

execute FinJ Main Menu Process [P-~IND~MENUl
of list found birds

execute Lir.t Found Birds Process [P-LIST-FOUIiDl
of clear found birds

execute CLear Found Birds ?rocess [P-CLEAR-I!OUNDl
of list attributes

execute List Attributes Process [P-LIST-ATTRJ
of cLear attribute

cxe~ute Clear Attributes Process tP-CLEAR·ATT~l
of List matched birds
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24A P 52
P 53

261. P SI,

P 55
27B P 56

P 57
P 58

P 59

execute lht Matched Birds Process [P-UST-MATCHEDl

of C<':'I.lY!': bi rd
execute COlilr,t Bird Proce!;s [P-COUNT-BIRD]

of clear bird
execute Ct,[~llr a Found IHrd Process [PgCLEAR-BIRD]

endcase
endif

endwhi l e
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*********************************************************
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c
C 2
C 3
C 4
C S, C 6
C 7
C 8
c 9
C 10
C 11
C 12

?ubllc Variables:
•••PROCESS_ID is the id of the current .~nu.
Private Variables:
•••DISPLACEMENT_ defines vertical scroll direction relative to current position
•••HENU_TITLE is the title of the current menu.
•••TEXT_ITEM is the string text of the current menu item.
•••TEXT_DISPLAY portion of text: hOIl the TEXT_ITEM for display on screen.
•••CONTIHUE_ is the booLean variable for the while Loop.
•••STATUS_ is the status report of procedures ~nd functions.
•••KEY_ is the character containing the pressed key.
POL Description:
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Help Menu Process [P-HELP]

15 10 1990 PAGE 1 - 8

,

61B P 1
p 2.

33A P 3
56A P 4
62A P 5
62B P 6
631. P 7

p 8
P 9
P 10
P 11
P 12
p 13
p 14
P 15
p 16

62A P 17
628 P 18
63;\ P 19

P 20
58A P 21
62A P 22
628 P 23
63A p 24

P 25
P 26
P 27
P 28

write ",Helpllto window 1 [O-WRT-W1J
DISPLACEMENT_ := 0
read an item from menu [O-READ-TXT-ITEM]
initialize text [O-INITIAl-TEXT]
write to window 2 [O-WRT-W2]
write to window 3 [O-WRT-W3J
write TEXT_DISPLAY to window 4 [O-WRTnW4J
CONTINUE := true
whi le CONTINUE

repeat
read keyboard
KEY_ := pressed key

until KEY_ is (right arrow) <left arrow) or (escape)
case KEY_
of KEY_lEFT_ARROW

move text left [O-AOVE-TXr-lEFTl
write to window 2 [O-~Ri-W2J
write to window 3 [O-~RT~W3]
write TEXT_DISPLAY to window 4 [O-WRT-W4]

of KEY_RIGHT_ARROW
move text right [O~MOVE-TEXT-RIGHTl
write to window 2 [O-WRT-W2]
write to window 3 [O-WRT-W3]
write TEXT_DISPLAY to window 4 [O-WRT'W4]

of KEY_ESCAPE
CONTINUE_ := false,

endcase
endwhi Le
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Attribute Menu Data Usage

-------------c- 10A -C----------------------ft

-------------------------------~------

C 1
C 2
C 3
C 4,
C 5
C 6
C 7
C 8
C 9
C 10
C 11
C 12
C 13

J
~

~

Public Variables:
•••PROCESS_IO ~~ is the id of the current process.
Private Variables:
•••DISPLACEMENT_ defines vertical scroll direction relative to current position
.••MENU_TITLE is the title of th~ current menu.
•••TEXT_ITEM is the string text of the current menu item.
•••TEXT_DISPLAY portion of text from the TEXT_ITEM for display on screen.
•••CONTINUE_ is the boolean variable for the while loop.
•••STATUS_ is the ~tatus report of procedures and functions.
•••KEY_ is the chara~ter contlining the pressed key.
POL Descript'ion:

102



Birds
Attribute Processes

15 10 1990 PAGE 1 - 11

Attribute Menu Process [P-ATTR-MENU]
-------------P- 11A _P w • ---------

,
32A P
61B P 2

P 3
33A P 4
56A P 5
62A P 6
62B P 7
63A P 8

P 9
P 10
P 11
p 12
p 13
P 14
P 15
p 16
P 17
P 18

52A P 11
p 20

526, P 21
P 22
P 23

52A P 24
51A P 25

P 26
P 27
P 28

52,\ P :!9
34A P 30

P 31
P 32
P 33

52A P 34
P 35
P 36
P 37

53A P 38
38B P 39
42A P 40
47A P 41
S3B P 42

P 43
33A P 44
56A P 45
62A P 46
628 P 47
63A P 48

P 49
P SO
P 51

read title of menu, [O-READ-MENU-TITLE]
write MENU_TITLE to window 1 [O-WRT-~11
DISPLACEMENT_ := 0
read an item from menu [O-READ-TXT-ITEM]
initialize text [O-INITIAl-TEXTl
write to window 2 [O-WRT-W2]
write to window 3 [O-WRT-~31
write TEXT_DISPLAY to window 4 [O-WRT-W41
CONTINUE_ := TRUE
while CONTINUE_

repeat
r~ad keyboard
KEY_ := pressed key

until KEY_ is (help) or (mode) or (select) or Cleft arrow)
or (right arrow) or (up arrow) or (down arrow)
or (escape) or (quit)
case KEY_
of KEY_HELP

enqueue process-id [O-FRONT-ENQ]
PROCESS_ID := HELP_IO
enqueue pr-eeess -f d [0.'. ilONT-ENQ]
CONTINUE_ := false

of KEY_MODE
enqueue proce8s-id [O-FRONT-ENQ]
exchange queue' bLOCKS [O-EXCH··Q-BLOCKS]
CONiINUE_ := false

of KEY_SELECT
•••enqueue the id of current process in case seL~cted item is ancther menu
enqueue process-id [O-FRONT-ENQ]
update attribut~ flag [O-UPOATE-ATTR-FLAG]
case STATUS_
of 1

•••selected item points to another menu
enqueue process-id [O-FRONT-ENQ]
CONTINUE_ := false

of 0
•••selected item was a flag type
dequeue processgid [O-OEQ]
compile attribute filter [O-FILL-FILr~Rl
scan database to-SCAN]
read number of matched birds [O-READ-NO·OF-MATCHEO-BIRDS]
write numbt!r to Ill: ,..low5 [O-WRT-U5]
DISPLACEMENT_ := 0
read an item from menu [O-READ-TXT-ITEMl
initiaLize text (O-INITIAL-TEXTJ
write to window 2 :O-WRT-U2~
write to window 3 [O-WRT-W33
write TEXT_DISPLAY to windo~ 4 [O-WRT-W4J

endc!'lse
of KEY_UP_ARROW

DISPLACEMENT_ := -1
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33A P 52
P 53

56A P 54
62A P 55
628 P 56
63A P 57

P 58
63A P 59
67A P 60

P 61
P 62
P 63

3_:A P 64, P 65
56A P 66
6?A. P 67
62B P 68
63A P 69

p 70
63A P 71
67A P 72

p 73
P 74

57A P 75

t
62A P 76
628 P 77

~
63A P 78

P 79

~
58A P 80
62A P 81
628 P 82
631. P 83

P 84
P 85
P 86
P 87
P 88
P 89
p 90
P 91

678 P 92
P 93
p 94
P 95
P 96

(

read item an from menu [D-READ-TXT-ITEMl
if STATUS_ = 0

initialise t~xt [O-INITIAL-TEXT]
write to window 2 to-WRT-W2l
write to window 3 rO-WRT-W3l
wr'ite TEXT_DISPLAY to window 4 [O-WRT-W4l

alse
write "Pointers Not Found" to window 4 [O-WRT-W4]
wait for a keypress [O-WAIT]

endif
of KEY_ON_ARROW

DISPLACEMENT_ := +1
read an item from menu [O-REAO-TXT-ITEMI
if STATUS_ is 0

inltiaLlise text [O-INITIAL-TEXTJ
write to window 2 to-WRT-W2]
write to window 3 [0-WRT-W3J
write TEXT_DISPLAY to window 4 [0-WRT-W4]

else
write UPointers Not Nound" to window 4 [O-WRT-W4]
wait for a keypress [O-WAITJ

endif
of KEY_LEFT_ARROW

move text left [O-MOYE-TEXT-LEFT]
write to windou 2 [0-WRT-W21
write to window 3 [0-WRT-W3]
write TEXT_DISPLAY to window 4 [0-WRT-W4]

of KEY_RIGHT_ARROW
move text right [O-MOYE-TEXT-RIGIlTl
write to windo~ 2 [O-WRT-W2]
write to window 3 [0-WRT-W3]
write TEXT_DISPLAY to window 4 [O-WRT-U4]

of KEY_ESCAPE
if PROCESS_ID = attribute Main menu

•••do noti1ing
else

•••restore control the main menu
CONTINUE_ = fslse

endif
of KEY_QUIT

quit program [P-QUIT-PROGl
CONTINUE_ :~ false
STOP _ := trl '

endcase
endwhile
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Utility Menu Data Usage

-------------C- 12A -C------------·--·-----·--··-----------·-----------------------

C 3

c 1 Public Variables:
C 2 •••PROCESS_ID is the id of the current process.

I.! 4
c 5
C 6
C 7
C 8
C 9
c 10
C 11
C 12

PriVate Variables:
•••DISPLACEMENT_ defines vertical scroll direction relative to current position
•••MENU_TITLE is the title of the current menu.
•••TEXT ,ITEM is the string text of the current menu item.
•••TEXT_DISPLAY portion of text from the TEXT_ITEM for display on ser~en.
•••CONTlNJ''':_is the boolean variable for the while loop.
•••STATUS_ is the status report of pr-ocedur-es and functi'ons.
•••KEY_ is the character eenta 'hi fiB the pr-essed key.
POL Description:
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Utility Menu Process CP-UTILl

-------------p- 13A -P-------------------------------------------------------------

,
32A P

618 P 2
P '3

33A P 4
56A P 5
62A P 6
62B P 7
63A P 8

P 9
P 10
P 11
P 12
P 13
P 14
p 15
P 16
P 17
p 18

52A p 19
P 20

52A P 21
P 22
P 23

52A P 24
51A P 25

P 26
P 27

52A P 28
34A P 29

P 30
P 31
P 32

52A P 33
P 34
P 35
P 36

53A P 37
P 38

'33A P 39
56A P 40
62A P 41
62B P 42
63A P 43

P 44
P 45
P 46

33A P 47
56A P 48
62A P 49
628 P 50
63A P 51

read title of menu, [O-READ-MENU-TITLE]
write MENU_TITLE to window 1 [O-WRT-W1]
OISPLACEHENT_ := 0
read ~n item from menu [O-REAO-TXT-ITEM]
initiali~e text [O-INITIAL-TEXTj
write to window 2 [O-WRT-W2]
write to window '3 [O-WRT-W3]
write TEXT~OISPLAY to ~ir.dow 4 [O-WRT-W4]
CONTINUE_ := TRUE
while CONTINUE_

repeat
read Keyboard
KEY_ := pressed Key

until KEY_ is (help) or (mode) or (select) or (left arrow)
or (right arrow) or (up arrow) or (down arrow)
or (escape) or (qb~t)
case KEY_
of KEY_HELP

enqueue process-id [O-FRONT-ENQ]
PROCESS_IO := HELP_ID
enqueue process-id [O-FRONT-EKQ]
rjIiTlNUE._ :::false

of KEY_MODE
enqueue process-id [O-fRONT-ENQ]
exchange queue blocks [O-EXCH-Q-BLOCKS]
CO~TI~UE_ := false

of KEY_SELECT
enqueue process-id [O-FRONT-ENQ]
update attribute flag [O-UPOATE-ATTR-FLAG]
case STATUS_
of 1

•••selected item points to another menu
enqueue process-id [O-FRONT-ENQ]
CONTINUE_ := false

of 0
•••selected item was a flag type
dequeue process-id [O-DEQ]
DISPLACEHENT_ := 0
read an item from menu rO-READ-TXT-ITEM]
initialize text [O-INITIAL-TEXT]
write to window 2 [O-WRT-W2]
write to window 3 [O-WRT-W3]
write TEXT_DISPLAY to window 4 [O-WRT-W4]

endcase
of KEY_UP_ARROW

DISPLACEMENT_ := -1
read item an from menu [O-READ-TXT-ITEM]
initialise text [O-INITIAL-TEXT]
write to window 2 [O-WRT-W2]
write to window 3 [O-WRT-W3]
write TeXT_DISPLAY to window 4 [O~WR;·W4J
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P 52
P 53

331. P 54
561. P 55
621. P 56
628 P 57
631. P 58

P 59
57A P 60
62A P 61
6213 P 62
63A P 63

P 64, 58A P 65
6211 P 66
62B P 67
631. P 68

P 69
P 70
P 71

678 P 72
p 73
p 74
p 75

J
~

~

(

of KEY_DN_ARRO\l
DISPlACEME~T~ := +1
read an item from menu [O-READ-TXT-ITEM]
initiallise text [O-INITIAL-TEXT]
write to window 2 [O-\lRT~W2]
write to window 3 [O-WRT-Y3]
write TEXT_DISPLAY to window 4 [O-WRT-\l4]

of (EY_LEFT_ARRO\l
move text left [O-MOVE-TEXT-LEFT]
write to window 2. [O-WRT-W2]
write to window 3 [O-YRT-W31
write TEXT_DISPLAY to window 4 [O-\lRT-W4]

of KEY_RIGHT_ARROW
move text right [O-MOVE-TEXT-RIGHT]
write to window 2 [O-WRT-W2]
write to window 3 [O-WRT-W3]
write TEXT_DISPLAY to window 4 [O-WRT-\l4l

of KEY_ESCAPE
CONTINUE_ = false

of KEY_QUIT
quit program [P-QUIT-PROGl
CONTINUE_ := false

endcase
endwhile
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Find M~in Menu Data Usage

e
C 2
C 3
C

'"C 5
c 6
C 1
C 8
C 9
C 10
C ,,
C 12
C t3

I

Public Variables:
•••PROCESS_YD is the id of the current process.
Private Variables:
•••OISPLACEMENT_ defines vertical scroll direction relative to current position
•••MENU_TITLE is the title of the current menu.
•••TEXT_iTEM is the strine text of the current ~enu item.
•••1"EXT_!HSP;.-AYportion of text from the TEXT_ITEM for display on screen.
•••COMTINUE_ is the boolean variable for the while loop.
•••STATUS_ is the status report of procedures and functions.
•••KEY_ is the character containing the pr-essed key.
POL Description:
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Fino Main Henu Process [",-FIND-MENU]
----D--------P- 16A _p o o00 _

4711.P 1
638 P 2
32A P :5
61B P 4, P 5
3311.P 6
56A P 7
62A P B
628 P 9
63A P 10

P 11
P 12
P 13
P 14
P 15
P 16
p 17
P 18
P 19

5211.P 20
p 21

I
52A P 22

P 23
P 24

52" P 2~
51" P 26

P 27
P 28
P 29

52" P 30
3411.P 31

P l2
P 33
P 34

';2A P 35
P 36
P 37
P 38

53A P 39
3BB P 40
4211 P 41
47A P 42
63B P 43

p 44
~ 33A p 45

56A P 46
6211.P ..7

"- 62B P 48
t'3A P 49

P 50
P 51

read number of matched birds [O-READ-NO-OF-MATCHED-BIRD~J
write number to window 5 [O-WRT-W51
read title of menu,[O-READ-KENU-TITL~J
write MENU_TITLE to window 1 [O-WRT-W1]
DiSPLAr.EMENT_ := 0
read an item from menu [O-READ-TXT-ITEM]
initialize text [O-INITIAL-TEXT]
write to window 2 [O-WRT-W21
write to window 3 [O-WP7-W3]
write TEXT_DISPLAY to tJ~fldow4 [O-WRT-W4J
CONTiNUE_ = true
wh ile CONTI NUE_

repeat
read keyboard
KEY_ := pressed key

until KEY_ is (help) or (mode) or (Ielect) or (left ,rrow)
or (right arrow) or (Up arrow) or (down arrow) or (quit)
case KEY_
of KEY_HELP

enqueue process-id [O-FRO~T-ENQl
PROCESS_ID := HELP_ID
enqueue process-ic [O-FRONT-ENQ]
CONTINUE_ := false

of KEY_MODE
enqueue process-id [O-FQONT-ENQ]
exchange que~e blocks [O-EXCH-Q-BLOCKSJ
CONTINUE_ := false

of KEY_SELc:CT
•••enqueue the id of current process in case selected item is another menu
enqueue process-id [O-FRONT-ENQ]
upda~e attribut.e flag [O-UPDATE-ATTR-rLAG]
case STJl.TUS_
of 1

•••selected item point!> to another menu
enqueue proeess~ir. [O-FRONT-ENQ]
CONTINUE_ := faLse

of 0
•••selected .tem was a flag type
dequeue process-id [O-DEQ]
compile attribute fiLter [O-FILL-FILTER]
scan database [O-SeAN]
read number of matched birds [O-READ-NO-OF-MATCHED-BIRDS]
write number to window 5 [O-WRT-W5l
DISPLACcMENT_ ::::0
read an item from menu [O-READ-TXT-ITEM]
initinlize text rO-I~ITIJl.L-TEXTl
write to window 2 [O-WRT-W2]
write to window 3 to-WRT-W3J
write TEXT_DISPLAY to window 4 [O-WRT-W41

endcase
\)f KEY_UP_ARROW
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P 52
33A P 53
56A P 54
62A P 55
62B P 56
63A P 57

P 58

P 59
33A P 60
56A P 61
62A P 62
628 P 63
63A P 64

P 65
57A P 66
6ZA P 67
628 P f,S
63A P 69

P 70
58A P 71
62A P 72
62& P 73
63.&.P 74

I> 75
P 76
P77
P 18
P 79
P BO
P 81
P 82

678 P 83
P 84
P 85
P 86

DISPLACEMENT_ := -,
read ite:l:an from menu [O-READ-TXT-ITEM]
initialise text [O-INITIAL-TEXT]
write to window 2 [O-WRT-U2]
write to window 3 [O-WRT-W3J
write TEXT_DISPLAY to window 4 [O-WRT-W4]

of KEY_DN_ARROW
DISPLACEMENT_ := +1
read an item from menu [O-READ-TXT-ITEM]
initiallise t~xt [O-INITIAL·TEXTl
write to wil,dow 2 [O-WRT-W2]
write to window 3 [O-WRT-W3l
write TEXT_DISPLAY to window 4 [O-WRT-W4l

of KEY_LEFT_ARROW
move text left [O-MOVE-TEXT-LEFTl
write to window 2 [O-URT-"'?]
write to windl.:..3 [O-t.lRT-W3]
write TEXT_DISPLAY to windou 4 [O-WRT-"'4]

of KEY_RIGHT_ARROW
move text right [O-MOVE-TEXT-RIGHTl
write to window 2 [O-WRT-W2]
write to window 3 [O-URT-W3]
write TEXT_DISPLAY to ,~indow 4 [O-WRT-W4l

of KEY_ESCAPE
if PROCESS_IO = auribute main menu

•••do nothing
else

••• restore control the RIain ~enu
CONTINUE_ z false

endif
of KEY_QUIT

quit program [P-QUIT-PROGl
CONTINUE_ :a false

endcas~
endwhile
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List Found Lirds Data Usage

-------------c- 17A -C····-··-·-·--·----··-·-···-·--·-------··-------·---- ••-.•----

c 1 Public Variables:
C 2 •••PROCESS_IO is the id of the current process.
C 3 Private Variables:, C 4
C 5
C 6
C 7
C 8
C 9
C 10
C 11

•••DISPLACEMENT_ defines vertical scroll direction relative to current position
•••MENU_TITLE is the title of the current menu •
•••TEXT_ITEM is the string text of the current menu item.
•••TEXT_DISPLAY portion of text from the TEXT_ITEM for display on screen •
•••COIITINUE_ is the boolean variablE: for the while loop.
•••STATUS_ is the status report of procedures and functions •
•••KEY_ is the character containing the pressed key.
•••NO_OF_FOUND_BIRDS is number of found birds

C 12 PDL Description:
C 13
c 14
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.------------p- 1811 -P--------·--·---------~--------- ..-·"---------··-·-------------

,
45A P
63B P 2.

p 3
61B P 4
63A P 5

p 6
p 7
P 8
P 9
p 10
? 11
p 12

45B p 13
p 14

61B P 15
63A P 16
3711 P 17

P 18
p 19
P 20
P 21
P 22
P 23
P 24
P 25
P 26

52A P 27
P 28

52A P 29
P 30
P 31

52A P 32
5111 P 33

P 34
P 35

5211 P 36
p 37
p ::IS
P 39
p (·0
P t,1
P 42

5211 P 43
P 4t)

P 45
p t)6

4Si3 p ts?
613 P f,O
G.~A P MI

P 50
P 51

l

read number of found birds [O-READ-NO-OF-FOUND-BIRDS]
write number to window 5 [O-WRT-WS]
if NO_OF_FOUND_BIRDS = 0

write 'List is Clear' to window 1 [O-WRT-W1]
write 'Esc to continue' to window 4 [O-WRT-W41
repeat

read keyboard
until Escape is pressed

else
if LAST_PROCESS_IC is (find) or (cl~ar bird) or

(bird count and bird count is zero)
DISPLACEMENT~ := 0
list found birds [O-LIST-FOUND-B!RDf'

end if
write BIRD_COUNT to window 1 [O-WRr-W1]
write BIRD_~AME to window 4 [O-WRT-W4]
read list found method [O-READ-LIST-FOUND-METHOD]
COUTINUE_ = true
while CONTlNUE_

repeat
read keyboard
KEY _ := F-,'essed key

until KEY_ is (help) or (mode) or (select) or (left arrow)
or (right arrow) or (up arrow) or (down arrow) or (c "~)

case KEY_
of KEY_HELP

enqueue pr-ecess- id [0- FRONT-ENQ]
PROCESS_IO :~ HELv_ID
enqueue process-id to-fRONT-ENQ]
CONTINUE_ := false

of KEY_MODE
enqueue pr-ocees - id [0-FRONT -ENQ]
exchange queue blocks [O-EXCH-Q-BLOCKS]
CONTINUE_ := false

1;1\' KEY_SELECT
enqueue process-id [O-fRONT-ENQ]
ease Listing method in list found birds
of count bird

PRoceSS_ID := count bird
of CLEAR BIRD

PROCESS_ID := cLear bird
O"BC<lOt:

Ol'l~ucue process-fa [O-FRONT-ENQ]
CONIKNUE_ :~ faLse

@1 KEV_UP_ARROW
DXSPLACEHEHI= :c 0'
rood List of f@~~d birds [O-lXSY-FOUND-BIROSJ
m'H;o BIRD_COUNT ':@ Mindow 1 [O°WRT-W1J
Nrito BHlO_NAME to window 4 [O-WRT-W4]

01 rmVJIllI_ARtlOW
DXSrLA~EMENT~ :0 +1



45B P 52
61S P 53
63A P 54

P 55
P 56
P 57

678 P 5a
P 59
P 60
P 61
P 62
P 63

,

read list Qf found birds [O-tlST-FOUND-BIRDSl
write BIRD_COuNT to window' [O-WRT-W11
write BIRD_NAME to window 4 [O-WRT-W4l

of KEY_ESCAPE
CONTINUE_ = faLse

of KEY_QUIT
quit program [puQUIT-PROGl
CONTINUE_ := fe:se
STOP_ :'" true

endcBse
endwhile

endif
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Clear found Birds Data Usage

-------------c- 19A -G._.------------------------------------------------··-·· "u .. ~_.

C 1
C 2
C 3
C I,, C :5
C 6
C 1
C S
C 9
C 10
C 11
C 12

Public Variobles:
•••PROCESS_ID is the id of the current process.
Private Variabloo:
...MENU_TITlE is ~~le title of the current .enu.
•••TEXT_ITEH is tho otring text of the current menu item.
•••TEXT_DISPLAY portion of text: frorolthe TEXT_ITEH for display on screen.
•••CONTINUE_ is the bool , variable for the while loop.
•••STATUS_ is the status report of procedures ana f~nctions.
•••KEY_ is the character containing the pressed key.
PDl Description:

CLear Found Birds Process [P-ClEAR-fOUNDJ

-------------P- 198 -P-------·"~-------------·----··-~---·-·-·--··---·--·-------~---
618 P
63A P 2

P 3
P 4
P 5
P 6
P 7
P 8
P 9

52A P 10
P 11

52A P 12
P 13
P 14

52A P 15
51A P 16

P 17
p 18

46A P 19
P 20
P 21

': [O-IJRT-W1Jwrite 'Clear' to wI
write I~sc=abort ~~
repeat

read keyboard
KEY_ := pres~ed key

unti l KEY_ is I,help) er (mode) or (select)
or (left arruwl or (escepe)
case KE"._
(If KEY_ftE!,P

dm' to wil"dow 4 [O-WRT-W4J

enqueue proce~s-id [O-FRO~T-ENQl
PROCESS_ID := HElP_ID
enqueue Pl'OCflSS- id [O-!=RONT-ENQ]
CONTINUE_ := false

of KEY_MODE
enqueue process-id [O-fRONT-ENQ]
exchange queue blocks [O-EXCH-Q-BlOCKSl
CONTINUE_ := false

of KEY_SELECT
clear found birds [O-ClEAR-FOUND-BIRDSJ

of KEY_ESCAPE
... -:10 notihng

P lZ endcase
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List Attributes Data Usage

C 1
C 2
C 3
C 4, C 5
C 6
C 7
C 8
C 9
C 10
C 11
C 12
C 13

I

I

tt
~

(

Public V.riables:
•••PROCESS_IO is the id of the curre~t process.
Private Variables:
•••DISPLACEMENT_ defines vertical scroll direction relative to current position
•••MENU_TITlE is the title ~f the current .enu.
•••TEXT_ITEM is the string text of the current menu item.
•••TEXT_DISPLAY portion of text from the TEXT_IT~H for displ&y on screen.
•••COHTINlIE_ is the boolean vbriable for the while Loop.
•••STATUS_ is the status report of pr-ocedures snd funct!cns.
•••KEY_ is the character containing the pressed key.
PDL Descr~ption:

],16
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List Attributes Process [P-LIST-ATTRI
-------------P- 21A _P m ---------

,
35A P 1
638 P 2

P 3
618 P 4
63A P 5

p 6
p 7
P 8
p 9
p 10
P l'

368 P 12
618 l' 13
63A P 14

p 15
P 16
p 17
p 18
p 19
p 20
p 21
p 22
p 23
p 24

52A P 25
P 26

52A P 27
P 28
P 29

52A P 30
51A P 31

P 32
P 33

61B p 34
63A P 35

P 3,6
P 3,'
P 38
p 39
P 40
P 41

36" P 42
38B P 43
42A P 44
35A P 45
63B P 46

P 47
61B P 48
63A P 49

P 50
P 51

[O-READ-NO-OF-SELECTED-ATTRIBUTESI
write number to window 5 [O-WRT-W5]
if NO_OF_SF.LECTED_ATTRIBUTES is zero

write 'non~ selected' to window 1 [O-WRT-W1l
write 'Esc tc cintinue' to window 4 [O-WRT-W4]
repeat

read keyboard
KEY_ := pressed key

until I(EY_ is (escape)
else

DISPLACEMENT_ := 0
list selected .ttrfbutes rO-lIST-SElECTED-ATTRIBUTES]
write title to window 1 [O-WRT-W1]
write item to window 4 [O-WRT-W4]
CONTINUE_ := true
whi le CONTINUE_

repeat
read I<:eyboard
KEY_ := pressed key

until KEY_ is (heLp) or (mode) or (select) or (Left arrow)
or (right arrow) or (up arrow) or (down arrow) or
or (~scape) or (quit)
case KEY_
of KEY_HELP

enqueue process-id [O-FRONT-ENQ]
PROCESS_ID :z HElP_ID
enqueue process-id [O-FRONT-ENQ]
CONTINUE_ :~ false

of KEY_MODE
enGv~ue proces~-id [O-FRONT-ENQ]
exchange queue blocks [O-EXCH-Q-BLOCKS]
CONTINUE_ :- false

of KEY_SELECT
write 'CLear' to window 1 [O-WRT-W1l
write 'Esc=abort SeL=3~frimf to window 4 [u-WRT-W4]
repeat

read keyboard
KEY_ := pressed key

until KEY_ is (select) or (escape)
case KEY_
of KEY_SElECT

clear attribute [O·CI.EAR-ATTgIBUTE]
compile attribute filter (O-FILL-FIlTER]
scan database CO-SCAN]
[O-READ-NO-OF-SElECTED-ATTRIBUTESl
write number to window 5 [O-WRT-W5~
if NO_OF_SElECTED_ATTRIBUTES is zero

write 'none selecte.o;j'to windoll 1 [O-WRT-W1J
write 'Esc to cintinue' to window 4 [O-WRT-U41
repeat

reed keyboard
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P 52
P 53
P 54
P 55
P 56

368 P 57
P 58
P 59

618 P 60
63A P 61

? 62
P 63
P 64
P 65

368 P 66
618 P 67
63A P 68

P 69
P 70

368 P 71
618 P 72
63A P 73

P 74
57A P 75
62A P 76
628 P 77
63A P 78

P 79
58A P 80
62A P 81
628 P 82
63A P 83

P 84
P ·85
P 86

678 P 87
P 88
P 89
P 90
P 91
P 92

i

t
~

"...

/l

KEY_ :z pressed key
until KEY_ is (escape)
COHTINUE_ := false

else
DISPLACEMENT_ := 0
list selected attributes [O-L.IST-SELECTED-ATTRi8UTESl

endif
if CONTINUE_ <> ~ALSE

write title to window 1 [O-WRT-W']
writ~ item to window 4 [O-WRT-W4J

endif
endcase

of KEY_UP_ARROW
DISPLACEMENT_ :- -1
list selected 8ttributes :OmLIST-SELECTED-ATTRIBUTESJ
write title to window 1 [O-WRTaW11
write ite~ to window ~ [O&WRT-W4l

of KEY_DN_ARROW
DISPLACEKENT_ :K +1
list sete~ted attributes [O-LISTaSELECTEDaATTRIBUTES]
write title to window 1 [O-WRT-W1]
write item "Co window 4 [O-WRT-"4]

of KEY_LEFT_ARROW
move text left [O-MOVE-TEXT-LEFTl
write to window 2 [O-WRT-W2J
write to window 3 [O-WRT-W3J
write TEXT_DISPLAY to window 4 rO-WRT-W4J

of KEY_RIGHT_ARROW
move text right [O-MOVE-TEXT-RIGHT]
write to window 2 [O-WRT-W2]
write to window 3 [O-WRT-1I3]
writ~ TEXT_DISPLAY to window 4 [O-WRT-W4J

of KEY_ESCAPE
CONTINUE_ ~ false

of KEY_QUIT
quit prograM [P-QUIT-PROGJ
CONTINUE_ :'"'false
STOP _ :.. true

endcase
endwhile

endlf

)
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Clear Attribute Data Usage

-------------C- 2214 -C------------------o----------------------------~-------------
C 1 Public Variables:
C 2 ••• PROCESS_ID is the id of the current process.
C 3 PI 1vate Vari ables:
C 4 ••.MENU_TITLE is the title of the current .enu.
C 5 ••• TEXT_ITEM is the string text of the current menu item.
C 6 •••TEXT_DISPLAY portion of text from the TEXT_ITEM for display on screen.
C 7 ••• CONTINUE_ is the boolean variable for the w~ile loop.
t 8 ••• STATUS_ is the status report of procedures and functions.
C 9 ..•KEY_ is the character containing the pressed key.
C 10 POL Description:
C 11
C 12

,

Clear Attributes Process [P-CLEAR-ATTR)

-------------P- 22B -P-------------------------------------------------------------
618 P 1
63A P 2

P 3
P 4
P 5
P 6
P 7
P 8

32A P 9
P 10

5214 P 11
P 12
P 13

5214 P 14
5114 P 15

P 16
P 17

35Fl P 18

l 38B P 19
42A P 20
4714 P 21
638 P 22

P 23
P 24
P 25

{:

'-

write clear lIleSaBN,to window 1 [O-WRT-W1]
write 'Esc=abort;~~lzaffirm' to window 4 [O-WRT-W4]
repeat

read Iceyboard
KEY_ := pressed key

until KEY_ is (help) ar (mode) or (select) or (escape)
case KEY_
of KEY_HELP

enqueue process-id [O-FRONT-ENQ]
PROCESS_ID .= HELP_ID
enqueue process-id [O-FRONT-ENw]
CONTINUE_ := felse

of KEY_MODE
enqueue process-id [O-FRONT-ENQ]
exchange queue blocks [O-EXCH-Q-BLOCKSl
CONTINUE_ := false

of KEY_SELECT
clear alL attributes [O-CLEAR-ALL-ATTRIBUTES]
compile attribute filter [a-FILL-FILTER]
scan database [a-SCAN]
[O-READ-NO-OF-"ATCHED-BIRDS]
write number to window 5 [O-WRT-WSl

of KEY_ESCAPE
CONTINUE_ = false

endcase

I!
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)

List Matched Birds Date Usage

-------------c- 23A -c-----------------------------------------------------~-------
C 1
C 2
C 3
C 4, C 5
C 6
C 7
C 8
C 9
C 10
C ~,
C 12
C 13
C 14

t
L,

(

l

Pubiic Variables:
•••PROCESS_ID is the id of the current process.
Private Variables:
•••OISPLACEMENT_ defines vertical scr@ll direction relative to current position
•••MENU_TITLE is the title of the current Menu.
•••TEXT_ITEM is the string text of the current menu item,
•••TEXT_DISPLAY portion of text from the TEXT, lTEM for display on screen.
••,.CONTIHUE_ is the boolean variable for the while loop.
•••STATUS_ is the status report of procedurf'O and function ...
•••KEY_ ~s the character containing the pressed ~ey.
•••NO_OF_MATCHED_BIRDS is number of matched birds
POL Description:

j
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list Hatched Birds Process

-------------P- 24A -P------------------------------------------------------- ..----

,
47A P 1
63B P 2.

p 3
618 P 4
63A P 5

p 6
P 7
P 8
p J
P 10
P 11

43A P 12
P 13

63A P 14
618 p 15

P 16
P 17

38A P 18
P 19
P 2(1

P 21
P 22
P 23
p 24
P 25
P 26

52A P 27
P 28

52h ? 29
P 30
P 31

52A P 32
51A P 33

P 34
P 35

52.A P 36
P 37
p 38
P 39
p 41)
p 41
p 42
P 43
P 44
P 45
P 46

52A p 47
P 48
P 49
P 50

43A P 51

I
I

~.

L
~
I

(

reed number of matched bird~ [O-READ-NO-OF-MATCHEO-BIROS]
write number to window 5 [O-WRT-WS)
if NO_OF_KATCHED_SIROS is zero

write SNot found' to window 1 [O-WRT-W1J
write 'ESC to continue' to window 4 [O-WRT-W43
repeat

read !l:eybosrd
KEY_ := pressed key

until KEY_ is (escape)
if (LAST_PROCESS_ID <> help) or LAST_PROCESS_ID <> ~ ,rd count)

OISPLAt ~ENT_ := 0
li$t matched birds [O-LIST-MATCHED-BIRDS]

end;f
write BIRD_NAME to window 4 [O-WRT-W4]
write BIRD_FAMILY to window 1 [O-WRT-W1]
CONTINUE_ := false
Hhi le CONTIIIUE_

read list matched met ~J [O-READ-LIST-MATCHED~METHOO]
repeat

reed keyboard
KEY_ := pressed key

until KEY_ is (help) or (mode) or (select) or (left arrow)
or (right arrow) or (up arrow) or (down arrow) or
or (escape) or (quit)
case KEY_
of KEY_HELP

enq~_Je process-id [O-FRONT-ENQJ
PROCESS_IO := HELP_ID
enqueue process-id [O-FRONT-ENQ]
CONTINUE_ := false

of KEY_MODE
enqueue ~rocess-id [O-FRONT-ENQ]
exch8n9~ queue blOCKS [O-EXCH-Q-BLOr.KSJ
CONTINUE_ := false

of KEY _SELf:CT
enqueue proccss-id [O-FRONT-ENQ]
case LIST_MATCHED_METHOD
of bird count

PROCESS_ID := b:rd count
of bird caLL

PROCESS_ID r= bird eall
of bird image

PROCESS_tD :'"bird image
of bird irtfo

PROCESS_ID := bird info
end~ase
enqueue pr-ccess-Jd [O-FRONT r.:IQ]
CONTINUE_ := false

of KEY_UP_ARROIl
DISPlACEMENT_ := 0'
read !ist of matched birds [O-LIST-MATCHED-BIRDS~
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,

61B P 52
63A P 53

P 54
P 55

43A P 56
61B P 57
63A F' 58

P 59
57A P 60

62A P 61
62B P 62
63A P 63

P 64
58A P 65
62,\ P 66
62B P 67
63,1.p 68

P 69
P 70
P 11

679 P 72
P73
P 74
P 75
P 76
P 77

(

writ~ BIRD_fAMIlY to window 1 [O-WRT-W1]
write BIRD_NAME to w;ndow 4 [O-WRT-W4l

of KEY_ON_ARROW
DISPlACEMENT_ := +1
read list of matched birdo [O-lIST-MATCaED-BIRDS]
wr:te BiRD_FAMILY to window 1 [O-WRl'-IoI1J
write BIRD_NAME to window 4 [O-WRT-W41

of KEV_LEFT_ARROW
move text left [O-MOVE-TEXT-lEFT]
write to window 2 [O-WRT-W2]
writ~ to window 3 [O-WRT-1oI3]
write T~XT_DlSPlAY to window 4 rO-WRT-~4J

of KEY_RI _ARROW
..ove t xt right [Cl-MOVE-TEXT-RIGHTJ
write to window 2 to-WRT-W21
write to window 3 [O-WRT-W3]
urite TEX"UHSPlAY to windoll 4 [O-YRT-W4J

of KEY_ESCAPE
CONTINUE_ ~ false

of KEY_QUIT
quit prograM [P-QUIT-PROG]
CONTINUE_ :~ faLsa
STOP_ := true

endclise
endwhile

endif
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Bird Count Data Usage

C
C 2
C 3
C 4
C 5
C 6
C 7
C 8
C 9
C 10
C 11
C 12
C 13
C 14
C 15

J
~

~

{_,

Public Variables:
•••PROCESS_ID is the id of the current process.
Private Variables:

•••OISPLACEMEWT_ defines vertical scroll direction relative to current position
•••MENU_TITLE '1& the title of thl!.cur-rent lIIenu.
••• TEXT_ITEH is the string text of the current Menu item.
••• TEXT)HSPLAY portion of text from the TEXT_ITEM for display on screen.
•••CONTINUE_ is the b~olean variable for the while loop.
••• STAiUS_ is the ctatus report of procedures and functions.
••• KEY•• is the char,lIcter containing the pressed key.
PDL Description:
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-------------P- 26A -P-------------------------------------------------------------

,
p

P 2
44B P 3

P 4
p 5
P 6

38A P 7
P
P 9
P 10
P 11
P ~2
p 13
P 14

52A P 15
'p 16

52A P 17
p 1a
P 19

52A P 20
51A P 21

P 22
P 23
P 24

44B P 25
61B P 26

P 27
P 28

44B P 29
61B P 30

P 31
P 32
P 33

67B P 34
P 35
P 36

l

if LAST_PROCESS_IO =(bird count) or (help)
OISPLACEHENT_ := 0
list bird co~nt [O-CHAHUE-BIRD-COUNT]

endif
CONTINUE_ :r. true
wh i l e CONTI NUE_

read list matched method [O-READ-LlST-HATCHED-HETHOD]
repeat

read keyboard
(EY_ := pressed key

until KEY_ is (help) or (~ode) or (escape) or (quit)
or (up arrow) or (down arrow)
case KEY_
of KEY_HELP

enqueue process-id [O-FRONT-ENQ]
PROCESS_IO := HELP_IO
enqueue process-id [O-FRONT-ENa]
CONTINUE_ := false

of KEY_MODE
enqueue process-id [O-FRONT-ENQ]
exchange queue block~ [O-EXCH-Q-BLOCKS]
CONilNUE_ := false

of KEY_UP_ARROY
OISPLACEMENT_ := 1
change bird count [O-CHANGE-BIRD-COUNTJ
write bird count to window 1 to-WRT-W1J

of KEY_OIl_ARROY
DISPLACEMENT_ := -,
change bird count [O-CHANGE-BIRD-COUNTJ
write bird count to window 1 [O-WRT-W1l

of KEY_ESCAPE
CONTINUE_ := false

of KEY_QUIT
cuit program [P-QUIT-PROGJ

enac8se
endwhile
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CLear a Found Bird Data Usage

...u··~·--·-·c- 27A ·C-·.·-···--···-.····-···---···.·.····---.·.·--·.-···- •.-_.- •.•

c
C 2
C 3
C 4
C 5
C 6
c 7
c 13
C 9
r. 10
C '1
C 12

PubLic VariabLes:
•••PROCESS_ID is the id of the current process.
Private VariabLes:
•••MENU_TITLE is the title of the current menu.
•••TEXT_ITEM is the string text of the '~!Jrrentr.~nu item.
•••TEXT_DISPLAY portion of text from the TEXT_ITEM for display on screen.
•••CONTIIIUE_ is the beet ean variable for the while LOOF'.

•••STATUS_ is the status report of procedures and functions.
•••KEY_ is the character containing the pressed key.
POL Description:

Clear a Found Bird Process [P·ClEAR-BIRD]

••-•••••-••-.p. 278 .p.-- •..••.••..•... ---- ••..••..••••• --.- ..•. --•• -.---------- ..-

618 P 1
63A P 2

P 3
P 4
p 5
p (I

P i'
P 8

52A P 9
P 10

52A P 11
P 12
P 13

52A p 14
51A P 15

P 16
P 17

468 P 18
l P 19

P 20
P 21
P 22

write clear message to window 1 [O·YRT·W1]
write 'Esc;abortiSel;affirm' to window 4 [O·WRT-W4J
repeat

read ~eyboard
KEY_ := preL .J key

until KEY_ is (help) or C~ode) or (select) or (esco~e)
case KEY_
of KEY_HELP

enqueue process-id [O·FRONT·ENQ]
PROCESS_ID := HELP_ID
enqu3ue process·id [O-FRONT·ENQ]
CONTINUE_ := false

of KEY_MODE
enqueue process-id [O·FRONT-ENQ]
exchange queue blocks [O·EXCH-Q-BLOCKS]
CONTINUE_ := false

of KEY_SELECT
clear bird [O-CLEAR-BIRD]
LAST_PROCESS_ID := PROCESS_In

of KEY_ESCAPE
•••do nothing

endcase
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e
C 2
C 3
C 4
C 5
C 6
C 7
c a
C 9
C 10
C "C 12
C 13
C 14
c 15

t C 16
C 17

~
C 18

~

Behavior

Publi c Vari able:
•••PROCESS_IO is the process-id of the current/invoked peocess
Private Variable:
•••TXT_ARY ,s the array contair.ing the text of the ",enus
•••FLAG_ARY is the array containing select flag /process id of ne~t process
•••FLAG_NO_AR': is the array containing flag number's. This information
•••••• is usee::to indicate if the f·eature belongs to a group which does
•••••• not allow multiple selections.
•••NEXT_lD is id of the next menu to which the current ite~ is pointing
•••KEY_ARY array of type record; it serves to conserve the context. of each process.
•••PROCeSS_ID is the id of current menu
•••MENU_TITLE is the title of the current menu
•••HELP is a string of text containig help information
•••C_POINTER is the pointer to the current menu item supported by TXT_ARY
•••F_POINTE~ is the pointer to the first menu item supportd by TXT_ARY
•••L_POINTER is the pointer to the last menu item supported by TXT_ARY
•••HO_OF_SELECTED_ATTRIBUTES stores the number of sellected attributes

-------------C- 29B -C-------------------------------------------------------------
C This resourctl supports the data structure of the text within the various menus as +++
C 2 The resource supports the operations ·;~ede to access the date structure.
C 3 List of Operlltions:
C 4

c
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--•.o--------P- 30A -p-----------------------------------.-------------------------

,
P 1
p 2
P 3
P 4
P 5
P 6
p 7
P 8
P 9
p 10
P 11
P 12
P 13
p 14
p 15
p 16
p 17
p 18
p 19
P 20
P 21
p 22
P 2::':
p 24
p 25
p 26
p 27
P 28
P 29
P 30
P 31
P 32
P 33
P 34
P 35
P 36
p 37
P 38
P 39
P 40
P 41
P 42
P 43
P 44
P 45
P 46
p 47
P 48
P 49
P 50
P 51

l

•••1)O-READ-MENU-FILE () STATUS_
•••Data Usage:
•••••• External: none
•••••• Private:
••••••••• Variable:
•••••••••••• LINE_ is a line counter of data file TEXT_DAT.TXT
•••••••••••• NO_OF_LINES is the number of lines in the data file
•••••••••••• TMP_ARy is a temp arrey fQf date
•••••••••••• e_poINTER ••_points to the current entry in the menu
•••••••••••• F_POINTER •••points to the first entry in the menu
•••••••••••• L_POINTER •••points to the last entry in the menu
•••Behavior:
•••••• Thi~ operation retrieves the text structure from file, TEXT_DAT.TXT when pro+?+
•••Interface:
•••••• lnput: None
••••• Output::
•••••••• STATUS_ has the outcome of
••••••••••• 0: operation succesfull
••••••••••• 2: error in file format: must start with ~
••••••••••• 3: error if nile format: M expected after this ~
••••••••••• 4: error in file format: H expected after this ~
•••PDL Description:

line pointer := 1 [LINE_ ::;1]
while end of file is not encountered

read first line from file TEXT_DAT.TXT and write to TEXT_
write T~XT_ to temproray array at position line pointer [L[N~_l
increment line poiner [LINE_l

endwh iLe
record pointer := 0 [REC_:=O]
number of Lines := (line pointer - 1) [NO_OF_LINES := LINE_ -1J
line pointer := 1 [LlNE_:=1l
CONTINUE_ := true
while <LlNE_ is Less t.han NO_OF_LINES) and (CONTINUE is true'>.

increment record pointer tREC_l
number of records := record pointer [NO_O_REC:=REC_l
CHAR_ := first charcter in temp arrey [TMP_ARY3, position:[LIHE_l
if CHAR_ is not "%"

STATUS_ := 2 & CONTINUE_ := faLse
else

eHAR_ :a second charcter in temp array [TMP_ARYl, position:[LINE_3
if CHAR_ is not "Mil

STATUS_ :K 3 & CONTINUE_ := faLse
eLse

STATUS_ := 0 & increment line pointer [LIHE_l
PROCESS_ID := text in temp array [TMP_ARYl: position:[LINE_J
increment line pointer [LINE_l
MENU_TITLE := text in temp array [TMP_ARYl: position:[LINE_l
increment line pointer [LINE_l
C_POINTER :~ value of text in temp array [TMP_ARYl: position:tLINE_]
increment line number [LINE_l
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P 52
P 53
P 54
P 55
P 56
P 57
P 58
r S9
P 60
P 61
P 62
P 63
P 64
P 65
p 66
P 67
P 68
P 69
p 70
P 71
P 72
P 73
p 74
P 75
P 76
P77
P 78

i P 79
; P 80

P 81
P 82
P 83
P 84
P 85

(

\
",- ...

F_POINTER := tine ~umber tLINE_l
CHAR_ ;= first character in temp array {TMP_ARYl: position:[lINE_j
I_ := 1
while CHAR_ is not "%"

text array [TXT_ARYl: position I_ := temprary array [TMP_ARYl: pos+++
increment t in~ number" tLINff_l
'flag iIIrray[FLAG_ARYl: posi tion 1_ ;a: terr.p.tt~'l array [TMP_ARYl ~ pO+H
increment I_ & incr~ent line number tLINE_l
CHAR_ := first character of text in teR!prar~ rray [iMP_ARYl: posiH+

endwhile
L_POINTER := (line number [LINE_l - F_POINTER) /2
CHAR_ := second charcter of text in temprary array [TMP_ARYl: position+v+
if CHAR_ is not "H"

STATUS_ := 4 & CONTINUE_ :a: false
else

increment line n~T:ber [LINE_l
H_r_POINTER := Line number [lINE_l
if line number <.. number of lines [LINE_<NO_OF_LU1ESJ

I_ :- 1
CHAR_ := first charcter of text in temprary array [TMP_ARYl: p+++
rapeat

help array [HELP_ARYl: position I_ :. temprary array [TMP_+++
increr.~nt line nuaber [~INEl , increment l_
CHAR_ := first charcter of text in temprary array [TMP_ARY+++

until (line number £LINE_l > number of lines [NO_OF_LINES]) or+++
"_L_POINTER := line nu.ber [LIN~_] - H_r_POINTR

else
H_F_POINT~R := 0
H_L_POINTER := 0

endif
endif

endlf
endif

endwhi Le
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O-WRITE-MENU-FILE

------------.p- 31A -P----------_·_------------------------------------------------

P
P 2
p 3
P 4
p 5
p 6
p 7
P 8
P 9
P 10
p 11
P 12
P 13
p 14
p 15
P 16
P 17

~ P 18
t P 19

P 20
P 21
P 22
P 23
P 24
P 25
P 26
P 27
P 28
P 29
P 30
P 31
P 32
P 33
P 34
P 35

•••2) O-WRITE-MENU-FILE ()
•••Data Usage:
•••••• External: none
•••••• Private:
••••••••• Variable:
•••••••••••• TXT_ARY te~t array of ~enus
•••••••••••• FLAG_ARV flag array of attributes
•••Behavior:
•••••• This operation will write the selected attributes to the file
•••••• TEXT_uAT.TXT, before ter~inating pro9rl~.
•••Interface:
•••••• Input: None
••••• Output: None
•••PDL Oescrlption:

record pointer [REC_l :z 1
while record pointer [REC_l <= number of records [NO_Of_RECl

write "%M'! to fi le TEXT_DAT. TXT
write PROCESS_ID to file
write MENU_TITlE to file
write C_POINTER to file
I_ := 1
whi le 1_ <= <._,,'lNTER

write text array [TEXT_ARYl: position 1_ to file
write flag array [FLAG_ARYl: position I_ to file
increm.!nt I_

endwh i le
write "~H" to file
1_ := 1
while I_ <~ "_L_POINTER

write help array [HELP_ARYl: position 1_ to file
increment 1_

endwhi le
increment record pointer [REC_l

endwhile
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O-READ-MENU-TITlE
-------------P- 32A -P----------------- a_

P
P 2
p 3
P 4
P 5
p 6
p 7..
p ;;
p to
p 1';
P 12
P 13
p 14
p 15

t p 16
p 17

~
p 18
P 19

~ p 20
P 21
P 22
p 23
p 24
p 2S
P 26
P 27
p 28
p 29
P 30
P 31

(,

•••3) O-READ-MEHU-TITLE () MEN~_TITLE, STATUS_
•••Data Usage:
•••••• Extrenel: none
o ••••• Priv~te: none
•••Behavior:
•••••• This operation reads the title of the current menu
•••lnter18ce:
•••••• Input: none
•••••Output:
•••••••• MENU_TITLE title of the current menu passed to the invoking process, thl'ou+++
•••••••• STATUS_; has the out:come of
••••••••••• 0 - successful
••••••••••• 1 - ~nsuccessful I requested process-id was not found in data file
•••POL Dsecription:

record pointer tREC_l :c 1
CONTINU~_ :c true
whi Le CONTINUE_

if PROCESS_ID is the same as MENUS_ARY: position record pointer [REC_l
current record := record pointer [C_REC, REC_]
CONTINUE_ is false

else
increment recer-d poi nter [REC_l

endif
endwhile
if record pointer [REC_J > number of records [NO_" _REe]

ST"lUS_ :=
else

STATUS_ := 0
MENU_TITLE := title specified by MENUS_ARY: position current record [C_RECJ

endif
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--------~----P- 33A -P-------------------------------------------------------------
P 1
P 2
P 3
p 4
P 5
p 6
p 7
P 8
P 9
p 10
P 11
P 12
p 13
P 14
P 15
P 16
P i7
P 18
P 19
P 20
P 21
P 22
P 23
p 24
P 25
P 26
P 27
P 28
P zv
P 30
P 31
P 32
P 33
P 34
P 35
P 36
P 37
P 38
P 39
P 40
P 41
P 42
P 43
P 44
p 45
P 46
P 47
P 48
P 49
p 50
P 51

•••4) O-READ-TXT-ITEM (vIS~LACEMENT_) TEXT_ITEM, STATUS_
•••Data Usage:
•••••• External:
••••••••• Veriable:
•••••••••••• REV_",4 is reverse video indicator of window 4 write operatio'l perforllle+++
•••••••••••• on this data item read eper-at ien performe~ 'inScreen Resource
•••••• Pri'iate:
••••••••• Variabte:
•••••••••••• H_C_POINT~R is the pointer to the current Lil!~ of help
•••Behavior:
•••••• This operation read~ the line of text at the current/above/below
•••••• text position. The relative displacement is defined by the value
•••••• of DISPLACEMENT_. This text is then written into the data item
•••••• TEXT_ITEM for access by scroll manager resource. The current
•••••• PROCESS_ID activitates the relevent pointers.
•••Interface:
•••••• Input:
••••••••• DI~PLACEHENT_ specifies the requested text i~ at current/above/below curr+++

at eurr ..;·tposition
above current pos ition .
below current position

•••••••••••• 0 reqUested text is
••••••••••• +1 - requeGted text is
••••••••••• -1 requested text is
•••••Output:
•••••••• TEXT_ITEM returns the line of text from the data structure
•••••••• STATUS_ has the outcome of
••••••••••• 0 - successful
•••PDL Dsecription:

if PROCESS_IO is ID_HELP
case OISPLACEMENT_
of 0

H_C_POINTER :=
of -1

if Il_C_PO!NTEr. <> H_L_Ptllll'iER
decrement H_C_POINTER

endif
of +1

if H_C_POINTER <> H L POINiER
increment H_C_POINTER

endif
endcase
TEXT_ITEM := line of text in help array [HELP_ARYl: position H_C_PO~NTER

else
case OISPLACEMENT_
of 0

•••do not change position
of -1

decrement C_POINTER
if C_POINTER < 1

C_POINTER := L_POINTER·
endif

of +1
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p 53
P 54
P S5
P 56
p 57
P 58
P 59
P 60
P 61
p 62
P 63
P 64
P 65

(:

increment C_POINTER
if C_POINTER > L_POINTER

C_POINTER :=
endif

endcase
CHAR := chareter in flag array [FLAG_ARYl: position C_POINTER
if CHAR_ is '*'

reverse video of window 4 :~ true tREV_W41
eLse

reverse video of window 4 := f~lse tREV_W4l
endif
TEXT_ITEM :: t~xt in text array [T~T_ARYJ: position C_POlkTER

endif
STATUS_ := 0
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O-UPOATE-ATTR-FLAG

-------------p- 34A -p-----------------------.------- ,.----------------------------

,
P 1
p 2
p ::;
P 4
p 5
p 6
p 7
p 8
p 9
p 10
p "P 12
p 13
P 14
p 15
P ~6
p 17
P 18
P 19
P 20
P 21
p 22
P 23
P 24
P 25
P 26
p 27
P 28
p 29
P 30
P 31
P 32
P 33
P 34
P 35
P 36
P 37
p 38
p 39
P 40
P 41
P 42
P 43

(: P 44
P 45

\,..,.-

••• 5) O_UPOATE_ATTR_FLAG () STATUS_
•••Oata Usage:
•••••• External: none
•••••• Private:
••••••••• Var{able:
•••••••••••• ATTRIBUTE_FLAG is an indicat';r to show if attribute is selected or not
•••••••••••• FLAG_NUMBER is a number that distinguishes a group of attributes
•••Behavior:
•••••• This operation has a binary function
•••••• A) for the selectable items this operetion toggles the enahle/disable flag
•••••• B) for drop down menus this operatifl~ enqueues the process-in of the invoked+++
•••Interface:
•••••• lnput: none
•••••• Output:
••••••••• STATUS_ has the outcome of
••••••• u •••• o - selected 'menu item "!IS of se"~e\.abbl type
•••••••••••• , - selected menu itellwas o'f Ii menu tYFIe
•••POL Dseeription:

if present item is not pointing to another .enu
read ATTRIBUTE_FLAG
case ATTRIBUTE FLAG
of 0

reed FLAG_NUMBER
repeat

read the menu for matching FLAG_NUMBER
until end of menu
if FLAG_NUMBER was found elsewhere and flag was set

•••only on flag out of a group with same flag number can be selected
release flag selection at found position

else
•••no restriction on flag selection

endif
of 1

if FLAG_NUMBER is negative
•••this is a flag that can not be deselected

else
•••this is a normal flag that can be deselected
deselect the flag

endif
endcBse

else
•••this is not B flag tYI~8 t~lt the id :If the next menu
PROCESS_IO := poiting prti:;(c,U ld

I>lndif
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O-READ-NO-OF-SELECTED-ATTRIBUTES

-------------p- 35~ -p-----------------------~-------------------------------------
P ,
P 2
P 3
P 4
P S
P 6
p I
p a
p 9
p 10
P 11
P 12
p 13
P 14
P 15
P 16
P 17

•••6) O-READ-NO-OF-SELECTED-ATTRIBUTES () NO_OF_S_ATTR
•••Data Usage:
•••••• External: none
•••••• Private:
••_._ •••• NO_OF_SELECTEO_ATTRIBUTES
•••Behavior: Retrieves the numner of selected attributes for display
••• Inteface:
•••••• Input: none
••••• _Output:
••••••••• NO_OF_S_ATTR io ehe numbtlr of selected attributes passed out
•••PDL Description:

NO_OF_SEL~CTEO_ATTRIBUTES :s 0
repeat

de-select attribute
until end of attribute list
NO_Of_S_ATTR := NO_OF_SELECTED_ATTRIBUTES

O-CLEAR·ALL-ATTRIBUTES

-------------P- 35B -p-------------------------------------------------------------
p 1 ••• 7) O-CLEAR-ALL-ATT~IBUTES ()

P 2 •••Oata Usage:
p 3 •••••• Extrel'lsl:
p 4 •••••• Private:
p 5 ••••••••• VariabLe:
p 6 •••••••••••• ATTRIBUTE_FLAG
P 7 •••Behavi@r:
p 8 •••••• This operation clears all the selected attributes.
p 9 ••• Interface:
p 10 •••••• Input: none
P 11 •••••• Output: none
P 12 •••POL Dsecription~
p 13

C p 14 repeat
P 15 set ATTRIBI.iTf:_FlAGto zero
P 16 unti ~ end of attribute list
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O~ClEA~'ATTRISUTE

-------------P- 36A -P--------..---..------------------------------.-----------------
P 1 •••8) O-CLEAR-ATTRIBUTE ()
P 2 ••• Data Usa~e:
P 3 •••••• Externat: none
P 4 •••••• Private:
P 5 •••••••••ATTRIBUTE_FLAG
P 6 .•.Behavior: clears the current attribute from the list selected sttri~utes
P 7 ••• lnteface~
P 8 .••...Input:
P 9 •••••• Output:
p 10 ••• PDL Decription:
P 11
P 12 c!ear ATTRIBUTE_FLAG at the current position

U-LI~T-SELECTED-ATTRIBUTES

-------------p- 36B -P----------------------·--------------------------------------
p

P 2
p 3
p 4
p 5
P 6
P 7
p 8
P 9
P 10
P 11
P 12
p 13
p ~4
P 15
P 16
P 17
p 18

C P 19
P 20
P 2:
P 22

.••9) O-LIST-SELECTED-ATTRIBUTES (DISPLACEMENT_) MENU_TITLE. MENU_ITEM
•••Data Usalle:
••••••Extrenat:
••••••Private:
•••••••••DISPLACEMENT_ specifies the requested text is at current/above/below curr+++
•••Behavior: retrieves the list of selected attributes
•••Interface:
••••••lnpu~: DISPLACEMEMT_ defines the direction of search
••••••Output: KENU_TITLE, MENU_ITEM
•••PDL Dsecription:

)

case 0 I SPLACEMENT._
of 0 or 1 or -1

CDS& DISPLACEMENT_
of 0

•••first time listing
set DISPLACEMENT_ to 1

of 1 OR -1
c~ntjnue up or dowr the list of selected attributes

endcase
move in the direction of DISPLACEMENT_

endcue
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O-REAO-Llsr-FOUNO-HETHOD

-------------P- 37A -p---------------Q---------------------------------------------
P 1
p 2
p 3
p 4
p 5
p 6
p 7
P 8
p 9
p 10
P "P 12
p 13
P 14
P 15
P 16
p 17
p 18

(;

(

••• 10) O-READ-LIST-FOUND-METHOO () LIST_fOUND_METHOD
•••Data Usage:
•••~••External: none
•••••• Private:
••••••• ".LIST_fOUHD_METH~O is the 8ccessabLe funetion in List found Bird;
•••~ehavior: retrieves the 8ccessabLe function in List Found Birds
•••Inteface:
•••••• Input: DISPLACEHENT_
••••••Output:
•••PDL Decription:

ii Count Birds is selected
•••enable counting in List Found Birds
LIST_FOUND_HETHOD := 1

else
•••en.~le bird extraction from the list
LIST_fOUND_METHOD :x 2

end;f

)
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O-READ-LIST-MATCHED-METHOD

••• 11) O-READ-LIST-MATCHED-METHOD () LIST_MATCHED~METHOD
•••Data Usage:
•••••• External: none
•••••• Privete:
••••••••• LIST_MATCHED_METHOD is the aecessebl e fun,:tion In List Matched Birds
•••Behavior: retrieves t~e accessable function in List Matched Birds
••• Inteface:
•••••• 1nput: DISPLACEMENT_
•••••• Output:
•••PDL Decription:

-------------P- 38A _P o ~ ---------

p

P 2
p 3
p 4
p 5
p 6
p 7
p 8
p 9
p 10
p l'
P 12
p 13
p 14
p 15
p 16
p 17
p 18

~ P 19
~ P 20

P 21
P 22
p 23
P 2&,

P 2!i
P j~~~

.'/ :,7
r ,:'!U

O-FILL-FILTER

if Bird count is selected
•••enable bird count
LlST_MATCH~D_METHOD := 1

ell\t~
if Bird Information is selected

•••enable bird information
LIsT_MArcHED_METHOD := 2

else
if Bird Call is selected

•••enable bird c.ll
LIST_MATC~ED_METHOD := 3

else
•••enable bird picture
LIST_MATCHED_METHOD := 4

end if
endif

endif

-------------P- 388 -p-------------------------------- .---------------------------

l

P
P 2
p 3
p 4
P 5
p 6
p 7
p 8
p 9
F' 10
p '1
p 12
p 13
P 14
p 15
p 16
P 17

.0.12) O-FIlL-FILTER ()
•••Data Usage:
•••••• Extrenal: none
•••••• Priv.te:
••••••••• SELECTED_ATTR is the selected attribute
••••••••• SELF.CTED••ATTR_SET fs the set of selected attributes
•••Behu~ior: compiles a search filter based on the selected attributes other than +++
•••••• This operation intializes the search filter with selected items
••• Interface:
•••••• Input: none
•••••• Output: none
•••PDL Dsecription:

SElECTED_ATTR_SET is null
repeat

add SELECTED.ATTR to SELECTED_ATTR_SET
until all attributes are scanned
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-----a-------c- 40A -c--------------------------·----------------------------------
c
C 2
C 3
c 4
C 5
C 6
C 7
C 8
C 9
C 10
c 11
C 12
C 13
C 14
C 15

J C 16.. 17..
~

C 18
C 19

• C 20
C 21
C 22
C 23
C 24
C 25
C 26
C 27
C 28
C 29
C 30
c 31
C 32
C 33

Behavior

Private Constant:
External
•••Variable:
•••••• DATA_AR'l
•••••• FILTER_ARY
•••••• F;'\HILY_
Publi e Vari able:
•••PROCESS_ID is the id of the current menu.
•••BIRn_FAHIlY -is the family to which the current bird belongs
•••BIRD_NAM~ is the name of the current bird
•••BIRD_COUNT is the count number of the current bird
Private Variable:
•••STRATEGY_ is the search and compare strategy of selected attributes
•••••• against the bird attributes; four possible values
•••••• A- no attribute is sel~cted; compile all birds for display
•••••• B- only bird family is selected
...... c- a f ~ype attribute is selected; bird family h not selected
•••••• D- bot~ .mily and flag type attribut6s have been selected
•••••• NO_OF_MATCk£D_bIRDS is the number of birds ~atching the selected attributes-
•••••• KATCH_LIST_HO indentifles which of the four possible functions of
••••••••• a)bird count, b)bird information, c)bird image or d)bird call have been e+++
•••••• NO_fOUND_BIRDS is the number of birds with a bird count greater than zero
•••••• FOUND_LIST_NO identifies wheter extraction or bird count are enabled dUring +++
•••••• DATA_ARy is of the type record; this is the bird database
••••••••• BIR.•NAME is the ,name bi rd
,•••••••• FAMILy_ is the family of the bird
••••••••• SAOS_ is the South African bird number
••••••••• PR_CODE is the bird habitat code
••••••••• BIRD_ATTR contains the flag type attributes of the bird
••••••••• BIRD_COUNT is the couot nuruber of the bird
••••••••• MATCH_ indicates if the current record has matcned attribute specific8tio+++
•••••• BIRD_REC is the DATA_ARY recoru pointer

--·----------c- 408 -C---D---- ..------~----------.------.--.---------.-------------
C This rCSQurce furnishes the bird attributes and information data structure.
C 2
C 3
C 4

{,

operations of the resource allows reading of bird data and scanning
through it.
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O-READ-BIRD-DATA

P 1 ••• 1) O~READ-BIRD-DATA ()
P 2 •••Data Usage:
P 3 ••.•••Private:
P 4 ••••••••• Constant:
P 5 •••••••••••• DATA_FILE
P 6 ••••••••• Variable:
P 7 •••••••••••• BIRD_NAME
P 8 •••••••••••• BIRD_FAMILY
P 9 •••••••••••• BIRD_S~OS
P 10 •••••••••••• BIRD_FLAG
P l' •••Behavior: reads the bird database from disc file
P 12 •••••• This operation reads the bird attribute and info data from file
P 13 •••Inteface:
P 14 •••••• Input: none
P 15
P 16
P 17
P 18
P 19
P 2(1

P 21
P 22

while not end of file
read BIRD_FAMILY
read BIRO_HAME
read BIRD_INFO: BIRD_SAOS

endwhile

•••••• Output: none
•••PDL Decription:
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__._.o p_ 421. _p o ---------

P 1
p 2.
P 3
p 4
P 5
p 6
P 1
p 8
P 9
p 10
p 11
p 12
p 13
p 14
p 15
p 16
p 17
P 18
p 19
P 20
p 21
p 22
p 2!
P 24
P 25
p 26
P 27
p 28
P 29
P 30
P 31
P 32
P 33
P 34
P 35
P 36
P 37
P 38
P 39
P 40
P 41
P 42
p 43
P 44
P 45
P 46
P 47
P 48
P 49
P 50
P 51

l

•••2) O-SCAN (DISPLACEMENT_) BIRD_NAME, BIRO_INFO, BIRO_REC
•••Data Usage:
•••••• External: none
•••••• Private:
••••••••• Variable:
•••••••••••• STRATEGY_ is the scanning strategy
•••••••••••• MATCH_ indicates if 8 bird has matched the &et of selected attributes
•••••••••••• CONTINUE_ loop condition
•••••••••••• NO_OF_MATCHED_BIROS
•••Behavior: scans the database for birds tha macth the selected att 'tiutes
•••••• Birds matching the selected attributes will be found and displcyed
•••Inteface:
•••••• Input: OISPLACEMENT_
•••••• output:
••••••••• BIRo_NAME
••••••••• BIRO_IUFO
••••••••• BIRO_R~C
•••POL Decription:

NO_OF _MATCHED,_::HRDS :=0
set default listing ~tral:eg to display all, STRATEGY+ :s:4
if selected family is r.ot null and SELECTED_ATTR_SET is null

•••family search only
STRATEGY_ := 1

endif
if selected family is null and SELECTEO_ATTR_SET is not null

•••filter search on other attributes
STR1.TEGY_ :'"2.

end if
if selected family is not null and S':L~CTEO ATTR SET is not null

•••family anf filter search
STR1.TEGY_ := 3

endif
case STR'&TEGY_
of 1

•••f£mily search only
BIRO_REC := 1
while BIRD_REC < NO_Of_BIRDS

do a family search
if there was a match

incre~ent NO_OF_MATCHED_SIRDS
endif

endwh iLe
of 2

•••filter search only
do a search on filter spec
if there was 8 match

increment NO_OF_MATCilED_SIRDS
endif

of 3
•••family and filter search
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P 52 BIRD_REC := 1
P 53 while BIRD_REC < NO_Of_BIRDS
P 54 do a fami ly search
P 55 if there was 8 match
P 56 do a search on fi t ter
P 57 if there was 8 match
P 58 increment NO_OF_MATCHED_BIRDS
P 59 endif
P 60 endif
P 61 endwhile
P 62 of 4
P 63 •••oisplay all birds
P 64 NO_OF_MATCHED_BIROS := NO_Of_BIRDS
P 65 endcsse

l'
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O-LIST-MATCHED-BIRDS
-------------P- 43A _P o ---------

,
P
P 2
p 3
p 4
P 5
p 6
P 7'
p 8
P 9
p 10
P 11
P 12
P 13
P 14
p 15
P 16
P 17
P 18
P 19
P 20
P 21
P 22

•••3) O-LIST-MAiCHE~-BIRDS (DISPLACEMENT_)
•••Data Usage:
•••••• External: none
••••••Private:
••••••••• BIRD_NAME
••••••••• BIRD_FAMILY
•••Behavior: retrieves the list of birds that match the selected attributes
•••Inteface:
•••••• Input: DISPLACEMENT_
••••••Output: none
•••PDL Decription:

case OISPLACEMENT_
of 0

get the first item in tne list
of -1

get the previous item in the list
of +1

get the next item in the list
endcase
update BIRL'_NAME
update BIRD_FAMILY

O-READ-COUNT-FILE

-------------p. 43B -p----------------------------------------------------------._ .
P 1 •••4) O-READ-COUNT-FILE 0
P 2 •••Dats Usage:
P 3 ••••••External: none
P 4 •••••• Private:
p 5 ••••••••• NO_OF_BIRDS
P 6 •••Behavior: reads the count file from disc
P 7 •••Inteface:
p 8 •••••• Input: DISPLACEMENT -L P 9 •••••• Output:
p 10 •••POL Decription:
p 11

P 12 whiLe NO_OF_BIRDS is not reached
P 13 read bird counts from fi Le
P 14 endwhile

(
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O·YRITE·COUNT·FILE

...•-----....p. 44A .p.-.---...•.-••.-•.•.-.•.-.-.~....••.....•. -..-..•..--...••.•.

P 1 •••5) O·WRITE·COUNT·FILE 0
P 2 •••Data Usage:
P 3 •••••• Externel: none
P 4 •••••• Private:
p 5 ••••••••• NO_OF_BIRDS
P 6 •••Sehav; or: writes the bird count information to disc file
p 7 •••Inteface:
p 8 •••••• lnput: DISPLACEMENT -P 9 •••••• Output:
P 10 •••PDL Decription:
P 11
P 12 w~ile NO_Of_BIRDS is not reached
p 13 write bird counts to file
P 14 endw~ile

•.••••-••••••p. 44B .p.-•••••••••••--•••••••••-•••-•••••••••••••••--••-•••••-.-_.--
J

O· CHAI!!.!:-B IRD-COUNT

P 1
P 2
p 3
P 4
p 5
P 6
p 7
P 8
P 9
P 10
P 11
p 12
P 13
p 14
P 15
P 16

l P 17
p 18
P 19
P 20
P 21
p 22

f P 23
P 24
P 25
P 26

•••6) O-CHANGE·BIRD-COUNT (DISPLACEMENT_,
•••Date Usage:
, .••••Externa L: none
•••••• Private:
••••••••• BIRD_COUNT
•••Behavior: modifies the count of the current bird
•••lnteface:
•••••• lnput:
••••••••• DISPLACEMENT_ indicates bird count is to be incremented of decremented
••••••••••••• , count down
•••••••••••• +1 count up
•••••• Output:
•••PDL Decription:

case DISPLACEMENT_
of .,

increment BIRD_COUNT
if BIRD_COUNT is < 0

set BIRD_COUNT to 0
endif

of +1
decrement BIRD_COUNT
it BIRD_COUNT is at max allowable value

set BIRD_COUNT to max Gllowable value
endif

endcase
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O-REAO-NO-OF-FOUNO-BIRDS

P' •••7) O-REAO-NO-OF-FOUND-BIRDS () NO_OF_FOUND_BIRDZ_PRIVATE
P 2 •••Oata Usage:
P 3 •••••• External: none
P 4 •••••• Private:
P 5 ••••••••• iW_OF_FOUND_BIRDS
P 6 •••Behavior: retrieves the nuober of found birds for display
p 7 ...Inteface:
P 8 ••••••lnput: none
P 9 ••••••Output: NO_OF_FOUND_BIRDS_PRiVATE is the number of found birds
P 10 ••• POL Decript~on:
P 11
p 12 NO_OF_FOUND_BIRDS ::0
P 13
P 14
P 15
P 16
PH
P 18
P 19

while NO_OF_BIRDS is not reached
read BIRD_COUNT
if BIRD_COUNT <> 0

increment NO_OF~FOUND_BIRDS
endif

endwhile
NO_OF_FOUND_BIRDS_PRIVATc :z "O_OF_FOU~D~BIRDS

O-LIST-FOUND-BIRDS
-------------P- 45B _P J -~-------

P •••8) O-LIST-FOUND-BIRD~ (DISPLACEMENT_)
P 2 ••.Data Usage:
P 3 •••••• External: none
P 4 ....•.Private:
P 5 •••••••• BIRD_NAME
P 6 ••.••..•BIRD_FAMILY
P 7 ••• Behavior: retrieves the list of found birds
P 8 ••• lnteface:
P 9 •••••• Input: DISPLACEHENT_
P 10 •••••• Oytput:
P '1 ... PDL Decription:
P 12
P 13
P 14

case DISPlACEMEHT_
of 0

P 15 get the first itea in the list
P 16 of -1
P 17 get the previous item in the list
P 18 of +1

( P 19
P 20
P 21
P 22

get the next item in the list
endcllse
update BIRD_NAME
update BIRD_FAMILY
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-------------p- 4tiA -p~--------------------~---------------------------------------
P 1 •••9) O-CLEAR-FOUND-BIROS 0
P 2 •••Data Usage:
p 3 •••••• External: non~, p 4 •••••• Pri'fate:
P 5 ••••••.•• BIRD_COUNT
P ~ ••••••••• NO_OF_BIRDS
'> 1 •••Sehevi or: clears ill Ll found birdG from the list of found birds
p 8 •••lnteface~
p 9 •••••• Input: OISPl.ACEMENT-
P 10 •••••• Output:
p l' •••POL Decription:
P 12
P 13 while NO_Of_BIRDS is not reached
P 14 set BIRO_COUNT to zero
f' 15 endwhi Le

O-CLEAR-BIRD

-------------p- ~6B -P------------------------------------------------------.------
p

P 2
p 3
P 4
P s
P 6
P 7
p 8
P 9

P 10
P 11
p 12

•••10) O-CLEAR-BIRO ()
••• Dllta Usage:
•••••• External: none
•••••. ?rivate:
••••••••• BIRD_COUNT
•••1ieh!lvior:clears the ~ulren1. bird from the list of found birds
••• Inteface:
•••••• lnput: OISPLACEMENT_
•••••• Output:
•••POL Decription:

set the current BIRD_COU~i to zero
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O·READ·NO-OF·MATCIlEtl°tlIRDS

-----·-------P- 47A -p-------------------------------------------------------------
p ••• 11) O-REAO-NO-OF-MATCHED-BIRDS () NO_OF_FOUND_BIRDS_PRIVATE
P 2 •••Dota Usage:
P 3 •••••• External: none
P 4 •••••• Private:
p 5 ••••••••• NO_OF .•MATCHED_BiRDS
P 6 •••Behavior: retrieves the number of matched birds for display
P 7 •••lnteface:
P 8 •••••• Input: DISPLACEMENT_
P 9 •••••• Output:
P 10 •••PDL Decription:
P 11
P 12 NO_OF_MATCHED_BIRDS_PRIVATE := NO_OF_HATCHED_SIROS

__J

l
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*********************************************************

Queue Resource

********,,************************************************
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Public:
•••Vl.IriBbLe:
•••••• PROCESS_ID is the id of the current menu.
Private:
•••VarhbLe:
•••••• 1_ is sloop counte~
•••••• STATUS_ is the status report of procedures and functions.
••••••Q_ARY is the a:-ray emulating the queue
••••••Q_TMP_ARY is the temp queue array, used for context switching
••••••Q_M~DL is the marker seperating the find and ettribiue activites
••••••Q_TAIL is the pointer marking the position of the last item in the queue
•••Constant:
••••••Q_SIZE is the size of the queue set at 10

---~---------c- 49A -c----------------------------------------------------------'>--
c
C 2
C 3
c 4
C 5
C 6
C 7
C 8
C 9
c 10
C l'
C 12
C 13
C 14

Behavior

-------------c- 49B -c-------------------------------------------------------------
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-------------P- SOA -P-------------------------------------------------------------
P •••i) O-READ-Q-FILE ()
P 2 ••,Data Usage:
P 3 •...••External: none
P 4 ••••••Private: none
P 5 •••Behavior:
P 6 •••••• this operation reatrieves the queue information from file Q_DAT TXT
P 7 •••••• when the ma',n proGram is first run
P 8 ••• lnteface:
P 9 •..•••lnput: none
P 10 •••••• Output: none
P 11 ••• PDL Decription:
p 12
P 13 read text from file, Q_DAT.TXT into TEXT_

l
;

p 1..
P 13
P 16
? 17
P 18
P 19
P 20
P 21

O-WRITE-Q-FILE

queue middle pointer [Q_MIDL]:- vaLue of TEXT_
read text from fiLe into TEXT_
queue tai l pointer (Q_TAll] ~:-TEXT .•
I_ := 1
while I_ <= queue tail pointer [Q_TAIl]

queue array [Q_ARYl : position I_ :z text from file
increment I_

endwhile

__ n P_ SOB -p-------------------------------------------------------------

P

P 2
p 3
P 4
P 5
P 6
P 7
P 8
p 9
p 10
P 11
p 12
p 13
p 14
p 15
p 16
P 17
P 18
p 19
P 20
P 21

•••2) O-WRITE-Q-FllE ()
•••Data Usage:
•••••• External: none
•••••• Private: none
...Behavior:
•••••• This operation will write the queue data into file Q_DAT.TXT
•••••• when quiting the program
••• Inteface:
•••••• lnput: none
•••••• output: none
•••PDL ~escription

TEXT_ := queue middle pointer [Q_MIDL]
write TEXT_ to file
TEXT_ := queue tail pointer [Q_TAILl
write TEXT_ to file
I_ := 1
while I_ <= queue tail [Q_TAIL]

write queue array [Q_ARYl: position I_ to file
increment I_

enc!while
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•••3) EXCHANGE-Q-BLOCKS
•••Data Usage;
•••••• External: none
•••••• Private: none
•••Behavi or:
...... th iS operati on \:ill swap the I>egments of queue corresponrling to the
...... Attribute mode with segment ·corresponding to the Find mode
•••••• Thus putting the relevent process-Id at the heed of the queue
•••lnteface:
•••••• lnput: none
•••••• Output: none
•••PDL Dsecription:

-v-----------P- 511. _P n .. ·__ ---------

P
P 2
P 3
P 4
P 5
p 6
P 1
p 8
P 9
P 10
P '1
p 12
p 13
p 14
p 15

~
p 16
p 17

~
P 18
P 19
p 20
p 21
P 22
P 23
P 24
P 25
p 26
P 27
P 28
P 29

t.

I_ := 1
while 1_ <~ queue middle [Q_MIDLJ

queue temp array [Q_TKP_P.RYl: positil>n I_:'" queue array [Q_ARYl: position 1_
increment 1_

endwhile
I_ :'" 1
while 1_ <= (queue tail [Q_TAILJ) • (queue middle [Q_KIDLJ)

queue array [Q_ARYJ: position I_ := queue array [Q_ARY1:position (queue ~iddle+++
increment I_

endwhi le
1_ := 1
while 1_ <= queue middle [Q_MIDLJ

queue array [Q_ARY1: position Q_TAIL - Q_KIDL + := Q_TKP_ARY position I_
increment 1_

endwhile
Q_MIDL :- Q_TAIL - Q_MIDL
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-------------P- 52A -p-------------------------------~-----------------------------
P 1
P 2
p 3
p 4
P 5
p 6
p 7
P 8
P 9
P 10
p 11
P 12
P 13
P 14
P 15

t P 16
P 17

~
P 18
P 19
P 20
P 21
p 22
p 23
P 24
P 25
P 26
P 27
p 28
P 29
P 30
P 31
P 32
P 33

'''l
P 34
P 35
P 36

l

.••4) O-FRONT-ENQ (), STATUS_
•••Date Usage:
•••••• External:
•••••• Private:
••••••••• Q_ARY is the queue of waiting processes
••••••••• Q_TAIl is the end of queue pointer
••••••••• Q_MIDl is the pointer seperating the attribute processes from the find pr+++
••••••••• PRoceSS_ID is the id of the process at the head of the queue
•••Behavi or:
•••••• Thh. operation will enqueue the PROCESS_iD at the head of the queue
•••Interface:
•••••• Input: none
•••••• Ouput: STATUS_ has the outcome of
••••••••• 0 - successful
••••••••• 1 - unsuccessful I queue is full
•••POlOsecription:

if Q_TAIl is equal to size of queue [Q_SIZE]
STATUS_ := 1

else
if Q_TAll is 0

queue crray [Q_ARYl: position' :z PROCESS_IO
Q_MIDl :=
Q_TAIl :'"1

else
1_ := Q_TAll
whi Le I_ >:: 1

queue arr&y [Q_ARYl: position I_ +1 := queue array [Q_ARYl: position 1_
increment 1_

endwhile
queue array [O_ARYl: position 1 i; PROCESS_IO
increment Q_TAIl
INCREMENT Q_MIDl
STATUS_ :'"0

endif
endif

•
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_____________ p_ 53A _p n _

p ,
p 2.
P 3
P 4
p 5
p 6
P 7
P 8
P 9
P 10
p 11

'" 12
p 13
P 14
p 15

J
P 16
p 17

~
p 18
p 19

~ p 20
P 21
p 22.
P 23
P 24
P 25
P 26
P 27
P 28
P 29
P 30
P 31
P 32
p 33
P 34

\,'

•••5) O-DEQ () STATUS_
•••Data Usage:
•••••• External:
•••••• Privatf!:
••••••••• Q_ARY is the queue of waiting processes
••••••••• Q_TAIL is the end of queue pointar
••••••••• Q_MIDL is the pointer seperating the attribute processes from the find pr+++
•••Behavior:
•••••• This operation will consume the item at the head of the queue, and
•••••• writes it to the PROCESS_ID
•••Interface:
•••••• 5TATUS_; has the outcome of
••••••••• 0 - successful
••••••••• 1 - unsuccessful I queue empty
•••PDL Osecripticn:

decrement Q_TAIL
decrement Q_MIDL
if Q_KIDL is less than 0

Q_MIDL := 0
endif
if Q_TAIL is less than 0

•••queue is empty
Q_TAIL := 0
STATUS_ ilK 1

)

else
PROCESS_ID := queue array [Q_ARYJ: position 1
ST.\TU;:;_:'"0
I_ := :2
while I_ <0: Q_TAll+1

queue array [Q_ARY1: position I_-1 :& queue array [Q_ARY1: position I_
increment I_

endwhile
endif

154

J



Birds 15 10 19ge PAGE 1 - 54

**********.**********************************************

Scroll Manager Resource

************************************************_.********

)
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Scroll Manager Resource

Data Usage

.····-·-----·c- S5A -c···-----·-·---·--·--·--·--·----------------------··---~---,.--
C 1 Public:
C 2 •••Variable:
C 3 ••••••TEXT_ITEM ••• is the string text of the current menu item
C 4 •••••• REV_W4 is the reverse video indicator of window 4
C 5 ••••••W1_SIZE is the si~e of window 1
C 6 ••••••W4_SIZE is the size of W\ndow 4
C 1 GUIDE_ARROW_R
C 8 •••••• GUIDE_ARROW_L
C 9 ••••••W_NO is the window number of the active window, eith~r 1 or 4
C 10 Pri¥ate:
C 11 •••Variables:
C 12 •••••• W_l_POINTER .is the window l~ft pointer.
C 13 ••••••W_R_POINTE~ .is the window right pointer.
C 14 •••••• TEXT_DISPLAY is the portion of text from the TEXT_ITEM to be displayed on th+++
C 15 •••••• TEXT_LENGTH .is the length of text in TEXT_ITEM.
C 16

Behavior

-------------c- 558 -c---------------------------------------------·---------------
C This resource facilitates the funGtion of word scrollinr within the
C 2 current line of text, ·which if. stored in the variable T;;XT_ITEM.
C 3 This is achieved by displaying a window of this text.
C 4 list of operations:
C 5
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-------.---c--P- 56A -P-------------------------------------------------------------
p 1
P 2
p 3
P 4
p 5
p 6
p 7
p 8
p 9
P 10
P 11
P 12
P 13
P 14
P 15
P 16
p 17

~ p 18
; P 19

P 20
P 21
P 22
P 23
P 24
P 25
P 26
P 27
P 28
P 29

(
I -

•••1) O-INITIAL-TEXT (.EXT_ITEM), TEXT_DISPLAY
•••D!lta Usage:
•••••• External:
••••••••• TEXT_ITEM
•••••• Private:
••••••••• ~_L_pnINTER left pointer of viewing winaow
••••••••• ~_R_POINTER right pointe" of viewing window
•••Behavior:
•••••• This operation extracts the first x chsra~ters in the text
•••••• contalned in TEXT_ITEM and writes it to TEXT_DISPLAY
••• Interface:
•••••• Input:
••••••••• TEXT_ITEM contains the current line of text in ~he data structure
••••••••• TEXT_DISPLAY contains 8 substring of text within TEXT_ITEM, for
•••••••••••••••••••••• disl~rying on the screen
••••••Output:
•••••• TEXT_DISPLAY is the truncated text from the current line to be displayed
••••••••••••••••••• on the current window
•••PDL Dsecription:

W_L_POINTER :c 0
W_R_POINTER := W_SlZE+1
TEXT_DISPLAY :c TE~T_ITEM: from W_L_POINTER+1 to W_R_POINTER-1
if milT_LENGTH <= W_SIZE

GUIDE_ARRO~_R := fal~e
else

GUIDE_ARROW_R := true
endif
GUIDE_ARROW_L ;- false

)
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__., p_ 57A _p. • • o ---------

p
p Z
p 3
p 4
p 5
p 6
p 7
p 8
P 9
P 10
P 11
p 1~
P 13
p 14
p 15

t P 16
p 17

~
P 18
P 19

~ P 20
P 21
P 22
p 23
P 24
P 25
p 26
P 27
P 28

•••2) O-MOVE-TEXT-LEFT (TEXT_ITEM), TF-XT_DISPlAY
•••Behavior:
••••••This operation .oves the displayed window of the text in MENU_ITEM one word ++~
•••interface:
••••••MENU_ITEMj contains the current Line of ~ext in the data structure
••••••~_R_POINTERi right pointer of the text window
•••••• TEXT_DISPlAY contains 5 substring of text within MENU_ITEM, for dib!paying 0+++
•••PDl Description:

if first character of TEXT_ITEM at W L POINTER is blanK
while first character of TEXT_ITEM at W_l_POINTER is blank

de cerement W_l_POINTER
endwhile

endif
CO~TINUE_ :z true
while t;rst character of TEXT_ITEM at W_L_POINTER is not blank and CONTINUE_ is tr+++

decerc~nt W_L_POINTER
if W_l_POINTti ~~ 0

W_l_POINTER :=0
CONTIHUE_ :- false

endif
endwhile
W_R_POINTER := W_L_POIUTER + W_SIZE+1
case W_l_POINTER
of 0

GUIDE_ARRO\(_l r= false
if length of TEXT_ITEM <x W_SIZE

GUIDE_ARROW~R := false
P 29 else
P 30 GUIDE_ARROW_R := true
P 31 endif
P 32 default
P 33 GUIDE_ARROW_L := true
p 34
P 35
P 36

c.

GUIDE_ARROW_R :- true
endcase
TEXT_DISPlAY := portion of TEXT••ITEM fro~ ~_L_POINTER +1; of ~ength W_SIZE

158

{



NE-TEXT-RIGH"i

Birds
Scroll Manager Rest;,;~ce

15 10 1990 PAGE 1 • 58

-------------P- 58A -P-----------------------------------------------------------".
p ,
P 2
P 3
P 4
p 5
P I)

P 7
p 8
P 9
P 10
P 11
P 12
P 13
p 14
P 15

J P 16
p 17

~
P 18
p 19
P 20
P 21
P 22
P 23
p 24
P 25
P 26
P 27
P 28
P 29
P 30
P 31
P 32
P 33

~~ P 34
P 35
P 36
P 37
P 38

•••3) O-MOVE-TEXT-RIGHT (MENU_ITEM), TEXT_DISPLAY
•••Behavior:
•••••• This operation moves the displayed window of the text in MENU_ITEM one ~ord v++
•••lnterface:
•••••• MENU_lTEMi contains the current tine of text in the data structure
•••••• W_R_POINTER; right pointer of the text window
•••••• TEXT_DISPLAY: contains a substring of text within MENU_ITEM, for disLpaying +++
•••POL Description:

if first character of TEXT_ITEM at W R POINTER is blank
while first character of TEXT_ITEH at W_R_POINTER is clank

increment W_R_POINTER
endwhile

endif
CONTINUE_ := true
while first character of TEXT_ITEM at W_R_POINTER ,. not blank and CONTINUE_ is tr+~+

incremen~ W_R_POINTER
if length of TEXT_ITEM+1 <= W_SIZE

W_R_POINTER := W_SIZE +1
CONTINUE_ := false

else
if Length of TEXT_ITEM+1 < W R POINTER

W_R_POINTER := length of TEXT_ITEM +1
CONTINUE_ := false

~nd}f
endif

endwhi le
W_L_POINTER := W_R_POINTER - W_SIZE -1
if W_L_POINTER <>0

if W_R_POINTER := lenght of TEXT_ITEM+1
GUIOE_ARROW_R := false
GUIDE_ARROW_L := true

else
GUIPE_ARROW_R := true
GUIDE_ARROW_L := true

endif
endif
TEXT_DISPLAY := portion of TEXT_ITEM from W_L_POINTER+t; of length W_SIZE
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********~***************~********************************

Screen Resource

************n********** •••*******************************
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c
C 2
C 3
C 4
C S
C 6
c 1
C S
C 9
C 10
C 11
C 12
c 13
c 1/,

t
C 15
C 16

~
C 17
C 18

~
C 19
C 20
C 21
C 22
C 23
C 24
C 25
C 26

Behavior

Public:
••• Variable:
•••••• TfXT_DISPLAyio the d\spl~1 text passed in to be displayed gn screen
••••••REV_W4
•••••• ""~SIZE
'•••••\14_SIZE
••••••tuIDE_ARROW_L
••••~.rr~!OE_ARROY_R

Privatn:
••• Var';ables:
...... 111_X horizontal position of left Illost cornia" of window 1
•••••• 1~1_Yvertical position of Left C3St corner of window 1
•••••• '.J4_Xhorizontal position of left C5>st corner of window 4
...... W4_Yvertical position of left mos'!: c.Jrner OY hlindow 4
••• Ccmstant:
•••• ""W2_X horizontal position of left most corner of window 2
..... ,1012_1' vertical pesf ef en of left IT>')stcorrl!'ll' of Window 2
•••• .,1oI3_X horizontal position of left 11I0steerner of window 3
...... W3_Y vertical position of left 1II0&t eornei- OY win':iow 3
•••••• WS_X horizont8~ position of left most eeener of window 5
...... WS_Y ver'ticaL position of left most corner of window 5
...... W2_SIZE length of 'Jindow 2
•••• ".W3_,SIZE length of window 3
••••n.WS_SIZE Length r:rf window 5

····.·-·---.·C· 60S ·C··_··_-_·_---···-·_· __·----·-·_·-·_---·--·····--···· ..-....--
c
C 2
C 3
C 4
C 5

This resourcp provides the screen emulation of the bird i~cntifier in
addi'tion to the writng and clearing operations of the differen1; windows
of the screen.
List of Operations:
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O-SCREEN-FORMAT

-------------p- 61A -p------~--,.------------------------.-------------------------~
P ••• 1) O-SCREEN-FORMU
P 2 •••Data Usage:
P 3 •••••• External:
P 4 •••.••Private:
p 5 ••• Behavior:
P 6 ...... This eper-at f en provides the screen display and the keypads of the
P 7 ••••••identifier.
P 8 ••• Interface:
P 9 •••••• Input: non~
P '0 •••••• Output: noneP 11 ...PDL Description:
P 12
P 13 position keypads on the screen [O-PUT-KEYPAD]

O-WRT-1I1

P 1 ••• 3) O-\.IRT-1l1n5XT_IHSFLAY)
P 2 .••Da~a Usage:
P 3 •••••• External:
P 4 •••••••••Variabla:
P 5 ••••••••• TEXT_DHl [PLAY"
P 6 •••••• Private: none
P 7 •••Behavior:
P 8 ...... This oper-ati cn writes to window 1
p 9 •••Interface:
P 10 •••• _.lnput:
P l' TEXT_DI SPLII,Y
P 12 Output: none
P 13 •••PDL Description:
P 14

64A P 15

-------------P- 616 -P----------··-------------------------------------------------

162

P 16
p 17

clear window 1 .~)-CLR-1l1]
position cursor at 1l1_X, 1l1_Y
write TEXT_DISPLAY to window 1

"\'- .. -.-,
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----n--------P- 62A -p-----------------------------_._-----------------------------
p •••4)O-URT-W2 0
p :, •••Date Usage:
P 3 •••••• Externel:
p 4 •••••• Private:
p 5 •••Bche,,;r.tr:
P 6 ••• Interface:
p 7 •••••• Input: none
l- S •••••• Output: none
P \t •••PDL DG9cription:
P '10
p '1 ease GUlDE_ARRO\I~L
P 12 of false

648 P 13 clear window 2 t-O-CLR-W2]
p 14 of true

J
p 15 position cursor at W2_X, 1oI2_Y
P 16. write TEXT_DISPLAY to window 2

~
P 17 endcllse

~

-.....----.--p. 628 -p.----------.---------- ..------- ..... -------.-----------.---.--
p •••5)O-WRT ·W3 ()
p 2 •••Data Usage:
p 3 •••••• External:
p 4 •••••• Private:
p 5 •••Behavior:
P 6 ••• lntarface:
P 7 •••••• lnput: none
P S •••••• Output: non~
P 9 •••PDL Description:
p 10
iF' 11 case GUIDE_ARROW_R
? 12 of false

l 64C P 13 clear window 3 [-O-CLR·W31
p 14 of true
P 15 posftinn cursor at W3_X, W3_Y
p 16 write TEXT_DISPLAY to window 3
p 17 endcase
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O-WRT-W4

P •••6)O-WRT-W4 (TEXT_DISPLAY)
p 2 •••Data Usage:
? 3 •••••• External:
p 4 •••••• Privllte:
P 5 •••Behavior:
p 6 ••• Interface:
p 1 •••••• Input: TEXT_DiSPLAY
P 8 •••••• Output: none
P 9 ••• PDL Description:
P 11)
P 11 if REV_W4 is true
P 12 set foreground and background eolor to normal
p 13 else
P 14 set foreground and background coLor to reverse

J
P 15 endif

6SA P 16 clear window 4 [O-CLR-W41

~

P 11 position cursor at W4_X, W4_Y
P 18 write TEXT_DISPLAY to window 4

~
P 19 set foreground and bacKgro~nd ccl~r to nDrmal

O-WRT-W5 "r

-------------p . 638 -p- -----------,-----------------------------~-. -----------------

P •••7)O-WRT-W5 (\IS_TEXT)
P 2 •••Data Usage:
p 3 •••••• External:
p 4 •••••• Private:
p 5 •••Behavior:
P 6 ...Interface:
P 1 •••••• lnput: none

", p 8 •••••• Output: none
P 9 •••POL Description:
p 10

L
658 P 11 clear window 5 [O-CLRaWSl

P 12 position cursor at W4_X, W4_Y
P 13 write to \IS_TEXT to window 5
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P •••8)O-CLR-W1 0
p 2 •••Data Usage:
p 3 •••••• External:
p 4 •••••• Private:
p 5 •••Behavior:
p 6 •••lnterface:
p 7 •••••• lnput: none
P 8 •••••• Output: none
P 9 •••PDL Description:
p 10
p l' position cursor at W1_X. W1_y
p 12 write empty line to Window 1

__ m p_ 64A _p m m ---------

O"CLR-1oI2
I, .------------1'- 64B -p-----------------------------------------------------.-------

I' •••9)O-CLR-W2 0
I' 2 •••Data Usage:
I' 3 •••••• External:
I' 4 •••••• private:
p 5 •••Behavior:
I' 6 •••Interface:
P 7 •••••• Input: none
P 8 •••••• Output: none
P 9 •••PDL Description:
P 10
P 11 position cursor at W2_X, Y2_Y
P 12 write empty Line to window 2

-------------1'- 64C -P--------------------------------------------- ..---------------
P •••10)O-t:.LR-1oI3()
P 2 •••Data Usage:
P 3 •••••• External:
P 4 •••••• Private:
p 5 •••Behavior:

e p 6 •••Interface:
p 7 •••••• lnput: none
P 8 " •••Output: none
P 9 •••PDL Description:......_"" _}

P 10
p '1 position cursor at W3_X, \l3_Y
P 12 write empty line to window 3
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-·---~-------P- 65A -P~-------------------·----------------------------------------
P 1 ••• , 1)O-C:LR-W4 0
P 2 •••Data Usage:
p :; •••••• External:
p 4 •••••• Pr'ivate:
P 5 •••Behavior:
P 6 •••Interface:
p 7 •••••• Inpu'l.:none
p 8 •••••• Output: none
P 9 •••POL ~escription:
P 10
p 11 position cursor at W4_X, W4_Y
P 12 write elnpty line to window 4

O-CLR-W5

-------------P- 658 -P---------------------, ---------------------------------------
P •••12)O-CLR-W5 0
p 2 •••Oate Usage:
p 3 •••••• External:
P 4 •••••• Private:
p 5 •••Behavior:
P 6 ••• Interface:
p 7 •••••• Input: none
P 8 •••••• Output: none
P 9 •••POL ~escription:
p 10
P 11 position cursor at \15_X, \l5_"
P 12 write empt line to window 5

l
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Auxiliary Functions

*********************************************************
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•••• _- ••• -•• p- 67A -p •• -------.~-------.-----------.---------.--------------.-----

P •••Data Usage:
P 2 •••••• External: KEY_
P 3 •••••• Private:
p 4 •••Behavior:
p 5 •••Interface:
P 6 •••••• Input: KEY-
P 7 •••••• Output: none
P 8 •••POl Description:
P 9
P 10 repeat
P 11 read keyboard
p 12 KEY_ := pressed key
p 13 unt il KEY_ ;s not set to nu lI>

Quit Program [P-QUIT-PROGl
I
t -------------P- 678 -P-----------------------------·-·---·-··----------------------

p 1 •••Data Usage:
P 2 •••••• External:
P 3 ••••••••• O-WRITE-TXT-DATA
P 4 ••••••••• O-FRONT-ENQ
P 5 ••••••••• O-WRITE-Q-OA~A
P 6 ••••••••• SYSTEM_ON
P 7 •••••• Private:
p 8 ••••••••• Variable:
p 9 ••••••••• STATUS_
P 10 •••Behavior:
P 11 ••• Interface:
P 12 •••••• lnput: none
P 13 •••••• Output: none

.~ P 14 •••POl Description:
P 15

52A P 16 enqueue process-id [O-FRON'r-ENQl
(_ P 17 write text data to file [O-WRITE-TXT-OATA]

p 18 write queue data to file ~J-WRITE-Q-OATA]
P 19 SYSTEM_ON := false
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~ROCEDURES

SA Scheduler Process
61A 2 O-SCREEN-FORMAT
41A 3 O-READ-BIRD-DATA
63A 4 O-WRT-W4
65A 5 O-CLR-W4
67B 6 Quit Program [P-QUIT-PROG]
52A 7 O-FRONT-ENG!
38B 8 O-FILL-FILTER
42A 9 O-SCAN
47A 10 O-READ-HO-OF-MATCHED-BIRDS
63B 11 O-WRT-W5
65B 12 O-CLR-W5
53A 13 O-DEQ
63A 14 O-WRT-W4 4
67A 15 O-WAIT
65A 16 O-CLR-W4 ( 5 )

8A 17 Help Menu Process [P-HELP]
618 18 O-WRf-W1
64A 19 0-CLR-W1

f 33A 20 O-READ-TXT-lTEM,
56A 21 0-1 NITIAL-TE){T
62A 22 O-WRT-W2
64B 23 O-CLR-W2
62B 24 O-WRT-W3
64C 25 O-CLR-1oI3
63A 26 O-WRT-W4 ( 4 )
62A 27 O-WRT-W'2 ( 22 )
62B 28 O-WRT-W3 24 )
63A 29 O-WRT-W4 4 )
58A 30 O-HOVE-TEXT-RIGHT
62A 31 O-WRT-W2 ( 22 )
62B 32 ., 0-WRT-1I3 ( 24 )
63A 33 O-WRT-W4 ( 4 )
11A 34 Attribute Menu Process [P-ATTR-MENU]
32A 35 O"REAO-MENU-TITLE

~.~, 61B 36 o 'JRT-W1 ( 18 )
33A 37 O-READ-TXT-ITEM < 20 )
56A 38 O-INITIAL-TEXT ( 21 )

l
62A 39 O-WRT-1J2 C 22 )
626 40 0-WRi-W3 ( 24 )
63A 41 0-IJRT-W4 ( 4 )

52A 42 O-FRONT-ENQ ( 7 )
52A (,3 O-FRONT-ENQ ( 7 )
52A 44 c- FRONT -EllQ ( 7 )
51A 45 O-EXCH-Q-BLOCKS

(; 52A 46 O-FRONT-ENQ ( 7 )
34A 47 O-UPDATcr-ATTR-FLAG
52A 48 O-FRONT-ENQ ( 7 )
53A 49 O-DEQ ( 13 )

'-..... _? 38B 50 O-FILL-FILTER ( 8
42A 51 O-SCAN ( 9 )
47A 52 O-READ-NO-OF-""TCHED-BIIlDS ( 10 )

169
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638 53 O-WRT-W5 11 )
331. 54 O-READ-TXT-ITEM ( 20 )
56A 55 O-INITIAL-TEXT ( 21 )
621. 56 O-WRT-W2 ( 22 )
628 57 O-WRT-W3 ( 24 )
f3A 58 0-WRT-W4 ( 4 )
331. 59 O-READ-TXT-ITEM ( 20 )
561. 60 a-INITIAL-TEXT ( 21 )
62A 61 O-WRT-W2 ( 22 )
628 62 O-IlFlT-W3 ( 24 )
63A 63 O-WRT-1J4 C 4 )
631. 64 O-WRT-1l4 ( 6 )
67A 65 O-WAIT ( 'ilJ >
331. 66 O-READ-TXT-ITEM ( 20 )
561. 67 O-INITIAL-TEXT ( 21 )
621. 68 O-WRT-W2 ( 22 )

f
6,8 69 O-WRT-IoI3 ( 24 )
63A 70 O-WRT-W4 ( 4 )

~
631. 71 O-WRT-W4 ( 4 )
671. 72 O-WAIT ( 15 )
57A 73 O-MOVE-TEXT-lEFT
621. 74 O-WRT-W2 ( 22
628 7S O-WRT-W3 ( 24
631. 76 O-WRT-W4 ( 4 )
58A 77 O-MOVE-TEXT-RIGHT ( 30 )
62A 78 O-WRT-W2 ( 22 )
628 79 O-WI(T-\13 ( 24 )
631. 80 O-WRT-W4 ( 4 )
678 81 Quit Program [P-QUlT-PROGl 6 )
131. 82 Utility Menu Process tP-UTILl
32f. 83 O-READ-MENU-TITLE ( 3~
618 84 O-WRT-W1 ( 18 )
331. 85 O-READ-TXT-ITEH ( 20 )
561. 86 O-INITIAL-TEXT ( 21 )
62A 87 O-WRT-W2 ( 22 )

~ 628 88 O-WRT-W3 ( 24 )

631. 89 O-WRT-W4 ( 4 )

521. 90 O-FKONT-ENQ ( 7 )
521. 91 a-FRONT-ENQ ( 7)
521. 92 O-FRONT-ENQ ( 7 )
511. 93 O-EXCH-O-SL.OCKS C 45
521. 94 O-fRONT-ENQ ( 7 )
341. 95 O-UPDATE-ATTR-FLAG ( 47 )
521. 96 O-FRONT-ENQ ( 7 )
531. 97 O-DEO ( 13 )

(: 331. 98 O-READ-TXT-ITEH 20 )
56A 99 O-JNITIAl-TEXT ( 21 )
621. 100 O-WRT-W2 ( 22 )

'''"'. a 628 101 O-WRT-W3 ( 24 )
63A 102 O-WRT-W4 ( 4 )
33A 103 O-READ-TXT-ITEH ( 20 )
561. 104 O-INITIAL.-TEXT ( 21 )
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62" 105 O-IolRT-1ol2( 22 )
62B 106 0-IolRT-1ol3( 24 )
63" 107 0-IolRT-W4 4 )
33A 108 O-READ-TXT-ITEH ( 20 )
561. 109 O-INITIAL-TEXT ( 21 )

621. 110 O-WRT-1ol2 ( 22 )
628 111 0-IolRT-1ol3( 24 )
631. 112 0-IolRT-W4 ( 4 )
5711 1'3 O-HOVE-TEXT-LEFT ( 73)
621. 114 O-WRT-IolZ ( 22 )
62B 115 O-IJRi-W3 ( 24 )
63" 116 O-IolRT-\oI4.( 4 )
581. 117 O-HOVE-TEXT-RIGHT ( 30 )
621. 118 0-IolRT-1ol2( 22 )
62B 119 O-WRT-IJ3 ( 24 )
631. 120 O-IJP.T-1J4( 4 )
67B 121 Quit Program [P-QUIT-PROGl , 6 )

t
,

161. 122 Find Main Menu Process [P-FIND-HENU]
471. 123 O-P~AD-NO-OF-MATCHED-BIRDS ( 10 )

~ 63B 124 O-Wln-1II5 ( 11 )
32~ 125 O-READ-MENU-TITLE ( 35 )

61B 126 O-WRT-W1 ( 1B )
331. 127 O-READ-TXT-ITEM ( I!O )
561. 128 O-INITIAL-TEXT ( 21 )
621. 129 O-WRT-W2 ( 22 )
62B 130 O-WRT-W3 ( 24 )
631. 131 O-WRT-W4 ( 4 )

521. 132 O-FRONT-ENQ ( 7 )
521. 133 O-FRONT-ENQ ( 7 )
521. 134 O-fRONT-ENQ ( 7 )
511. 135 O-EY.CH-Q-SLOCKS ( 4".1
521. 136 O-FRONT-ENQ ( 7 _)
341. 137 O-UPDATE-ATTR-FLAG ( 47 )
521. 138 O-FRONT-ENQ ( 7 )
531. 139 O-DEQ ( 13 )

-.... 3BB 140 O-FILL-FILTER ( 8 )
42" 1/., O-SCAN ( 9 )
471. 142 O-READ-NO-OF-HATCHED-BIRDS ( 10 )
63B 143 O-IJRT-W5 ( 11 )
331. 144 O-READ-TXT-ITEM ( 2'0 )
56A 145 O-INITIAL-TEXT ( 21 )
621. 146 O-WRT-1J2 ( 22 )
62B 147 O-WRT-1J3 ( 24 )
63" 14B O-WRT-1J4 ( 4 )
331. 149 O-READ-TXT-ITEH ( 20 )

t 561. 150 O-INITIAL-TEXT ( 21 )
62" '51 O-WRT-W2 ( 22 )
62il 152 O-WRT-W3 ( 24 )
63'\ 153 O-WRT-W4 ( 4 )

',...c :' 331. 154 O-READ-TXT-ITEM ( 20 )
56A 155 O-INITIAL-TEXT ( 21 )
6211 156 O-URT-1oI2 ( 22 )
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628
63A
57A
62A
628
6'3A
58A
62A
628
63A
678
18A
45A
638
61B
63A
45B
61B
63A
37A
52A
52A
52.0.
51A
52A
52A
45B
61B
63A
45B
61B
63A
67B
198
61B
63A
52A
52A
52A
S1A
46A
21A
35A
638
61B
63A
36B
61B
63A
52A
52A
52A

Birds
CALLING lREES

157
158
159
160
'161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
20(1
201
202
203
204
205
206
207
208

PROCEOUf!ES

O-WRT-W3 24 )
O-WRT-W4 4 )
O-MOVE-TEXT-LEfT ( 73)

O-WRT-W2 ( 22)
O-WRT-W3 ( 24 )
O-WRT-W4 ( 4 )
O-MOVE-TE~T-RIGHT ( 30)
O-WRT-W2 ( 22)
O-WRT-W3 C 24)
O-WRT-W4 ( 4 )
Qui'i:P:;-ogram[P-QUIT-PROG] 6 )

List Found Birds Process [P-LlST-FOUNDl
O-READ-NO-OF-fOUND-BlRDS
0-WRT-W5 ( 11)
0-WRT-W1 ( 18)
O-WRT-W4 ( 4 )
O-LIST-fOUI"O-BIRDS
O-WRT-W1 ( 18 )
O-~RT-W4 ( 4 )
O-REAO-LIST-FOUND-METHOO
O'FP:ONT-ENQ ( 7 )
O-"'RONT-ENQ ( 7 )
O-fRONT-ENQ C 7 )
O-EXCH-Q-BLOCKS ( 45)
O-FROt'T-ENQ ( 7 )
O-fRONT-ENQ < 7 )
O-LIST-·FOUN~-BIP.OS ( 173)
O-WRT-W1 ( 18)
O-WRT-W4 ( 4 )
0-LIST-fOUND-6IRDS ( 173)
0-WRT-W1 ( 18 )
O-WRT-W4 ( 4 )
Quit Program [P-QUIT-PROG] 6 )

Clear found Birds Process [P-CLEAR-fOUND]
O-WRT-W1 ( 1~)

O-WRT-W4 ( 4 )
O·FRONT-ENQ ( 1)
O-~RONT-ENQ (
O-r'RONT-EWQ (

1)
7 )

O-EXCH-Q-BLOCKS 45
O"CLEAR-FOUHD-BIRDS

List Attributes Process [P-LIST-~TTRl
O-READ-NO-OF-SELECT~D-ATTRIBUTES
O-WRT-W5 ( 11)
O-WRT-W1 ( 18 I

O-WRT-W4 ( 4 )
O-LlST~SELECTED-ATTRIBUTES
O-WRT-W1 ( 18 )
O-WRT-W4 ( 4 )
O-fRONT-ENQ ( 7 )
O-FRONT-ENQ ( 7 )
O-fRONT-ENQ ( 7 )
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PROCEDURES

SlA 209 O-EXCH-Q-8LOCKS ( 4S )
618 210 (I'WRT-W1 C 18 )
6311 211 O-WRT-U~, C '* )
36A 212 O-CLEAR-~TTRIBUTE
381's 213 O-FILL-FILT!ER l 8 )
42A 214 O-SCAII ( 9 )
35" 215 O-READ-NO-OFpSELECTED-ATTRIBUTES ( 199 )
638 216 O-WRT-W;) ( 11 )
618 217 O-WRT-W1 C 18 )
63A 218 O-WRT-W4 ( 4 )
368 219 O-LIST-SELECTED-ATTRIBUTES ( 203 )
618 220 0-I3RT-W1 ( 18 )
63A 221 O-WRT-"'4 ( 4 )
368 222 O-~IST-SELECTED-ATTRIBUT:S ( 203 )
618 223 O-WRTpW1 ( 1e )
63A 224 O-WRT-W4 ( 4 )

t 368 225 O-LlST-SEL~CTED-ATTRI6UTES ( (!03 )
618 226 O-WRT-ioll( 18 )

~
63A 227 O-WRT-W4 ( 4 )
57A 228 O-MOVE-TEXT-LEFT C 73)

~
62A 229 O-WR":'-W2 ( 22 )
628 230 O-\lRT-W3 ( 24 )
63A 231 O-WRT-W4 ( 4 )
58A 232 O-MOVE-TEXT-RlGHT \ 3D )
62A 233 O-WRT-W2 ( Z2)
628 234 O-WRT-1oI3 ( 24 )
63A 235 O-WRT-W4 ( 4 )
678 236 . Quit program [P-QUlT-PROG) 6 )
228 237 Clear Attributes Process [F'-CLEAR-ATTRl
618 238 O-WRT-W1 ( 18 )
63A 239 O-WRT-W4 ( 4 )
52A 240 O-FRONT-EIIQ 7 ) I

52A 241 O-FRONT-ENQ ( 'l )

I52A 242 O-FRONT-EIIQ ( 7·)
51A 243 O-EXCH-Q-BLOCI::S 45 ) I

358 244 O-CLEAR-ALL-ATTR18UTES I
"'"' I388 245 O-FILL-FILTER ( 8 )

42A 246 O-SCAN ( 9 ) Il 471. 247 O-READ-NO-OF-MATCHED-BIRDS ( 10
638 248 O-WRT-W5 ( 11 ) I24" 249 List Matched Birds Process
47A 25v O-READ-HO-Of-MATCHED-BIRDS 10 ) I
63B 251 O-WRT-W5 ( 11 ) I618 252 O-WRT-"" ( 18 )
63A 253 O-WRT-W4 ( 4 )

( 43A 254 O-LIST-MATCHED-BIROS
63A 255 O-WRT-W4 ( 4 )
618 256 O-WRT-"'1 < 18 )
38A 257 O-READ-L IST-MATC~IED-METHOD

'- jI 52A 258 O-FRONT-ENQ ( 1 )
52A 259 O-i'RONT-ENQ ( 7 )
52A 260 O-fltONT-ENQ ( 7 )
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51... 261 O-EXCII-Ci-BLOCKS 45
521. 242 O-FRONT-ENa ( 7 )
521. 263 O-FRONT-ENa ( 7 )
43A· 264 O-LIST-MATCHED-BIRDS ( 254 )
61B 265 O-WRT-W1 ( 18 )
631. 266 O-IoIRT-W4 ( 4 )
43 ... 267 O-LIST-MATCHED-BIRDS ( 2!i4 )

618 268 O-WRT-W1 ( 11:1 )

631. 269 O-IoIRT-W4 ( 4 )
57/\ 270 O-MOVE-TEXT-LEFT ( 73)

621. 271 (H~RT-W2 ( 22 }
628 272 O-WRT-W3 C 24 )
63'\ 273 O-WRT-W4 ( 4 )
581. 214 Q-MOVE-TEXT-RIGHT ( 30 )
621. 275 O-WRT-Iol? ( 22 )
62B 21'6 O-WRT-W3 ( 24 )

" l3A 27i' O-WRT-1l4 ( 4 )

.J 61B 2.18 Quit Pros;ralll[P-QUtr-PROGl 6 )
261. 219 Count Bil'd PrClCf!SG [P-COUNT-!HRD]

~
44B Z80 O-CHANGE"BIRD-COUNT

~
381. 21'1 O-READ-LIST-MATCHED-METHOD 251 ~
521. 282 O-FRONT-ENQ ( 7 )
52A 283 O-FRONT-EIIQ ( 1 )
521. 284 (I-FRONT-ENG ( 7 )
511. 285 O-EXCH-Q-BLOCr.S 45 )

44B 286 O-CHANGE-BIRD-COUNT ( 280 )

61B 281 O-IoIRT-W1 , 18 )

44B 288 O-CHANGE-BIRD"CQUNT ( 280 )

618 f!89 O-WRT-W1 ( 18 )

67B 290 Quit Program [P-QUIT-PROGl ( 6 )
2713 291 Clear a Found Bird Process [P-CLEAR-BIRDl
618 292 O-WRT-W1 ( 18 )
631. .:!93 G"WRT-W4 ( 4 )
521. 294 O·fRONT-ENQ 7 )
521. 295 O-FRONT-ENQ 7 )

'-~ 521. 296 0- F,IlONT~ENQ 7 )
511. 297 O-EXCHuQ-SLOCr.S 45 )

468 298 O·CI.EAR·BIRD

t
30A 299 ObREAu-McNU-FILE
31A 3)0 O-WRITE-MENU-FILE
43B 3l1/j O-READ- COUNT-F II.E
441. 302 O·WRITE-COUN'~fILE
50A 30~\ O-REAO-Q-fILE
50B :;;04 O-URITE-Q-FILE

(
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PROCEDURE INDEX

PROCEDURE DEFINED
REFERENCED IN PROCEDURE

LINES
11A Attribute Menu Process [P-ATTR-MENUJ

SA Scheduler Process
38

27B Clear a Found Bird Process tP-CbEAR~8IROl
SA scheduler Process

56
22D Clear Attributes Process [P-CLEAR-ATTRl

SA Scheduler Process
50

19B Clear Found Birds Prccet'!SS[P-CL::AR-FOUND]
SA Schedul~r Process

46
26A count Bird Process [P·COUNT-BIRDJ

SA Scheduler Process
54

16A Find Main Menu Process [P-FIND-MENU]
SA scheduler Process

42
8A Help Menu Process [P-HELPl

SA SchedULer Process
36

21A List Attributes Process [P-1.IST-Al'TR]
SA Scheduler Process

48
18" List Found Birds Process [P·LIST~FO~NDJ

SA ScneduLer Process
44

24A List Matched Birds Process
SA Scheduler Process

52
44B O-CHANGE-BIRD-COUNT

26A count Bird Process [P-COUNT-BIRDl
3 ~5 29

359 O-CLEAR-ALL-ATTRl9UTES
22B Cte3r Attributes ProcesS [P-CLEAR-ATTRJ

18
36A O-CLEAR-ATTRIBUTE

21A List Attributes Process [P-LIST-ATTRl
42

468 O-CLEAR-BIRO
27B Clear a Found Bird Process [P-CLEAR-SIRDl

18
46A O-CLEAR-FOUND-BIRDS

198 CLear Found Birds p,'ocess [P-CLEAR-FOUNI)]
19

64A O-Ci.R-\l1
618 O-\lRT-\l1

15
64B O-CLR-\l2

62A O-\lRT-\l2
13

61,C O-CLR-\l3

175
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PROCEOU~E DEFINED
REFERENCED IN PROCEDU~E

LINES
628 O-WRT-W3

13
6511 O-CLR-Y4

SA Scheduler Process
32.

631. O-WRT-W4
16

658 O-CLR-W5
638 O-WH-W5

11
53A O-DEQ

SA Scheduler Process
28

11A Attribute Menu Process [P-ATTR -MENUl
38

1311 Utility Menu Process [P-UTIL]
37

16A Find Main Menu Process [P-FlNIi-MENU]
39

51A O-EXCIHI-SLOCKS
11A Attribute Menu Process [P ATTa-MENU]

25
13A Uti li'i:YMer,u Process [poUT! II

25
1611 Find Main Menu Process [P-FIND-MENlJl

26
18A list Found Birds Proeess [poUST-FOUND)

33
198 Clear Found Birds Process [P-CLEAR-FOUND]

16
21A List Attributes Proce~: :~-lIST-ATTRj

31
22B Clear Attributes Process [P-CLEAR-ATTRl

15
241. List Matched Birds Process

:3.)

2,61. count Bird Process [P-COUNT-BIRDj
21

27'S Clellr D Found Bird Process [P-CLEAR-BIRDJ
15

...... ,.,._.

3as O-fIlL-FILTER
SA Scheduler Process

21
"11 Attribute Menu Process [F'-ATTR-MENIlJ

39
1611 Find Main Menu Process [P-FIND-MEWUl

~O2'" 1.1st Attributes Process ~P-LIST-ATTRl
43

228 Clear Attrihutes Pro(;;~ss tP"ClF.AR-ATTRl
19

5211 O-FRONT-ENQ

176
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Dirds
PROCE[)URE INDEX

PROCEDURE DEFINED
REFERENCED IN PROCEDURE

LINES
111. Attribute Menu Process [P-ATTR-MEHU]

19 21 24 29 34
13A Utility Menu Process [P-UTILJ

19 21 24 28 33
161. Find Main Menu Process [P-FIND-MENU]

20 22 2S 30 ~5
1SA List Found Birds Process [P-LIST-FOUND]

Z7 29 32 36 43
19B Clear Found BirdS Process [P-CLEAR-FOUNOl

10 12 15
21A List Attributes Process [P-LIST-ATTR]

25 27 31.)
22B Clear Attributes Process [P-CLEAR-ATTR]

9 l' 14
24A List Matched Birds Process

27 29 32 36 47
26A CI~unt Bird Process [P-COUNT-BIRD]

15 17 ,0
27B Clear a Found Bird Process [P-CLEAR-BIRD]

9 11 14
678 Quit Program [P-QUIT-PROG]

16
56A a-INITIAL-TEXT

SA Help Menu Procesr. iP-HELP]
4

11A Attribute Menu Proc~ss [P-ATTR-MENU]
~ 45 54 66

13A Utility Menu Process [P-UTIL]
5 40 48 55

161. Find Main Menu Process [P·FIND-MENU~
7 46 54 61

45B O-LIST-FOUND-BIRD~
1SA List Found Birds Process [P-LIST-FOUNDl

13 47 52
43A O-LIST-MATCHED-BIRDS

24A List Matched Birds Process
12 51 56

36B O_LIST·SELECTED-ATTRIBUTES
21A List Attributes Process [P-~IST-ATT~l

12 57 66 71
57A O-MOVE-TEXT-LEFT

111. Attribute Menu Process [P·ATT!H¥J!:fJt!1

75
13A Utility Menu Pro~e~~ [P-Ulat3

60
16A Find Main Menu Pr@cess [~~FINOu~ENUJ

66
21A List Attributes •. Deess EP-LkST-AiTCJ

15
24A List (1G'1:t::hedOil'ds Process

60
SBA O-MOVE-T~KT·RIGr.T

'\,



Bird:.;
PROCEDURE INDEX

paOCEDURE DEFINED
R=FERENCE~ IN PROCEDURE

LINES
SA Help Menu Process [P-HELPl

21
1'A Attribute Menu Process [P-ATTR-MENU]

80
13A Utility Menu Process tP-UTILl

65
16A find Main Menu Process [P-fINO-MENUl

71
21A List Attributes Process [P-LIST-ATTRl

80
24A List Matchea Birds Process

65
41A O-READ-BIRD-DATA

SA Scheduler Process
3

439 O-READ-COUNT-FILE
37A O-READ-LIST-FOUND-METHOD

18A List Found Birds Proce~R [P-LlST-FOUNDJ
17

3eA O-READ-LIST-MATCHcD-METHOD
24A List Matched Birds Process

18
26A count Sire Pro~ess [P'COUNT-BIROl

7
30A O-READ-MENU-FILE
32~ O-READ-MENU-TITLE

11A Attribute Menu Process [P-ATTR-MEWUl
1

13A Utility MenlJ Proc.,sS tP-UTlLl
1

16~ r-ind Main Menu Process [P-FIND-MENUl
3

45A O-READ-NO-OF-FOUND-C!RDS
1SA Lis~ Found Birds Process [P-LIST-FOUNDJ

1
47A O-REAO·NO-OF-MATCHED·~'RDS

SA ocheduler Process
23

"A Attribute Menu Process [P-ATTR-MENUl
I; 1

16:'\ Find Mail) Menu Process [P-rIND-MEIIUj
1 42

220 Gtoor AttributeG Process [P-CLEAR-AYTR1'
21

24A lis~ Matched Birds Proce$S

::iSA D- EETlf)0 itO-OF - SiH.cCTEOuAiTR IBUrES
21[1 ~iDt Attributes Process [P-LIST-ATTRl

1 45
O-REAEl·Q·r-XLE
O-P.EAD°'i'»ti·lTEH
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8i rds
PR"CEDURE INDEX

PROCEDURE DEFINED
REFERENCED IN PROCEDURE

,
i
I

LINES
8A Help Menu Process [P-HELPl

3
111. Attribute Menu Process [P-ATTR-MENUl

4 44 52 64
13A Utility Menu Process CP-UTiLJ

4 39 47 54
161\ Find Main Menu Process [P-FINO-MEIIUl

6 4S 53 60
42A a-SCAN

51 Scheduler Process
22

111. Attribute Menu Process [P-ATTR-MEIIUl
40

16A Find Main Menu Process [FI-FINO-KENUl
41

21A Lhit Attributes Process [P-LlST-ATTRl
44

22B ctear AttrUnltes Process [P-CLEAR-ATTRl
20

61A O-SCREEN-FORr.~T
SA Scheduler Proc~ss

2
341. O-UPOATE-ATT~-FLAG

111. Attri~ute Menu Process [P-ATTR-HEHU]

13A Utility Kenu Pr~ces~ [P-UTILl
29

161. Find Main Menu Process tP-FIl)-MENUl
31

67A O-WAtT

l

5A scheduler Process
31

11A Attribute Menu Process [P-ATTR-MENUl
60 72

441. O-WRITE-COUNT-FILE
31A O-WRITE-MENU-FILE
~OB O-WRITE-Q-FILE
61S O-WRT-W1

8A Help Menu Process [P-HELP],
11A Attribute Menu Process [P-ATTR-MENUJ

2
13A Utility Menu Process tP-UTILl

2
:5A Find Nain Menu Process [P-FIND-MENU]

4
18A list round Birds F"1'ocess[P-LIST-FOUNDJ

4 15 48 53
198 Cltv.r Found Birds ProceSfi [P-CLEAR-FOUkDl

1
21" List Attributes Process [P-LIST-ATTRl

4

179
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PROCEDURE INDEX
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I

PROCEDURE DEFINED
REFERENCED IN PROCEDURE

LINES
2iA List Attributes Process [P-LIST-ATTF.l

13 34 48 60 67 72
228 Clear Attributes Process [P-CLEAR-ATTRl

1
24A Lint Matched Birds Process

4 15 52 57
26A count Bird Process [P-COUNT-BIRDl

26 30
278 Clear a F~und Bird ~rocess [P-CLEAR-BIRDJ

1
62A 0-WRT-W2

SA Help Menu Process [P-HELP]
5 17 22

11A Attribute Menu Process [P-ATTR-MENUl
6 46 55 67 76 81

13A Utility Menu Process [P-UTILl
6 41 49 56 61 66

16A Find Ma.n Henu Process [P-FIND-MENUl
8 47 55 62 67 72

21A List Attributes Process [P-LIST-ATTRl
76 81

24A List Matrned Birds P,'ocess

62B 0·WRi'W3
8A Help Mt..n .... r-ecess [P-HELfl

6 18 23
'1A Attribute Menu Proc~ss [P-ATTR-MENUl

7 47 56 68 77 82
13A Uti lity Menu Process [?-UTILl

7 42 50 57 62 67
?6A Fino Main Menu Pro~ess [P-FIND-MENUl

9 48 56 63 68 73
21A List Attributes Process [P-LIST-ATTRl

77 82
24A List Matched Birds Process

62 67
63A 0-WRT-W4

SA Scheduler Process
16 30

8A Help Menu Process [P-HELPl
7 19 24

1lA AttriDute Menu Pr~cess [P-ATTR-MENUl
8 48 57 59 69 71 78 83

13A Utility Menu Process [P-UTILl
8 43 51 58 63 68

16A Find Main Menu Process [P-FINO-MENU]
10 49 51 64 69 14

18A List Found Birds Process [P-LIST-FOUND]
5 16 '~954

iY,l t :'I:';;' round Birds Process [P-C~EAR-FOUNDJ
2

21A List Attributes Process [P-LIST-ATiRl
5

180
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PROCEDURE INDEX

PROCEDURE DEFINED
REFERENCED IN PROCEDURe

LINES
21A List Attributes Process [P-LIST-ATTRl

14 35 49 61 68 73 78 83
22B Clear Attributes Process [P-CLEAR-ATTR]

2
24A List Matched Birds Process

5 14 53 58 63 68
27B Clear a Found Bird Process [P-CLEAR-BIRDl

2
631l O-WRT-W5

SA

11A

16A

18A

21A

22B

24A.

scheduler Process
24

Attribute Menu Process [P-ATTR-MENUJ
. 42

Find Hain Menu Process [P-FIND-MENU]
2 43

List Found Birds Process [P-LlST-FOUND]
2

List Attributes Process [P-LIST-ATTR]
2 46

Clear Attributes Process [P-CLEAR-ATTRJ
22

list Matched Birds Process
2

678 Quit Program [P-QUIT-PROGl
5A Scheduler Process

17
'1A Attribute Menu Process [P-ATTR-MENU]

92
13,\ Ut itity Menu PrOce,.s tP-UTl Ll

72
16A Find Main Menu Process [P-FIND-MENU]

83
1SA List Found Birds Process [P-LIST-FOUNDl

58
21A List Attributes process'[P-LIST-ATTRJ

87
24A List Matched Birds Precess

72
26A Count Bird Pr~:ess [P-COUNT-BIRD]

34
SA scheduler Process

13A Uti lity Menu Pr'ocess [P-UTILl
SA Sr.heduler Precess

40

~81
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Birds
DATA INDEX

DATA ITEM
REFERENCED IN SEGMENT

LINES
ATTRIBUTE_FLAG

2,1. Drivate Variables
14

34,1. O-UPOATE-ATTR-FLAG
21

358 O-CLEAR-ALL-ATTRIBUTES
15

36A O-CLEAR-ATTRIBUTE
12

BIRO_COUNT
18A List Found Birds Proc~ss [P-LIST-FOUND]

15 48 53
44B O-CHANGE-BIRO-COUNT

~7 18 19 22 23 24
45A O-READ-NO-OF-FOUNO-BI~OS

14 15
46,1. O-CLEAR-FOUNO-8IRDS

14
46B O-CLEAR-BIRO

12
BIRD_FAMILY

24,1. List Matched Birds Process
15 52 57

41A n-READ-BIRO-DATA
19

43,1. O·LIST-MATCHEO-BIRD~
22

45B O-L~ST-FOUNO-BIROS
22

BIRO_INFO
41,1. O-READ-BIRD-DATA

21
BIRD_NAME

18,1. List Fou~d Birds Process [P-LIST-FOUND]
16 49 54

24A List Matched Birds Process
14 53 58

41,1. O-REAO-BtRO-DATA
20

43,1. O-LIST-MATCHED-BIRDS
21

458 O-LIST-FOUNO-BIRDS
21

DIRD_REC
42A O-SCAN

37 38 52 53
BIRo_SAOS

41,1. O-REAO-BlRP-OATA
21

CHAR_
2A Private Variables

11

182
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Birds
DATA INDEX

DATA ITEM
REFERENCED IN SEGMENT

LINES
30A O-READ-MENU-FILE

37 38 ,~142 53 55 60 63 64 71 75 76
33A ()-READ-TXT-ITEM

57 58
CONTINUE_

2A P'rivate Veri abLes
3

8A HI~Lp Menu Process [P-HELP)
9 26

11A Attribute Men~ Process [P-ATTR-MENUl
9 10 22 26 35 89 93

13A Utility Menu Process [P-UTILJ
9 10 22 26 34 70 73

16A Find Main ~enu Process [P-FIND-MENUl
11 12 23 27 36 80 84

18A List Found Birds Process [P-LIST-FOUNDl
'18 19 30 34 44 $6 59

19B Clear Found Birds Process [P-CLEAR-FOUNDl
13 17

Z1A List Attributes Process [P-LIST-ATTR]
15 16 28 32 54 59 85 88

228 Clear Attributes Process [P-CLEAR-ATTRl
12 16 24

24A List Matched Birds Process
16 17 30 34 48 70 73

~6A count Bird Process tp-COUNT-BIRDl
5 6 18 22 32

278 Clear a Found Bird Process [P-CLEAR-BIRDJ
12 16

30A O-READ-MENU-FILE
33 39 43 65

32A O-READ-MENU-TITLE
17 18 21

57A O-MOVE-TEXT'"LEFT
15 16 20

58A O-MOVE-iEXT-RIGHT
15 16 20 24

C_POINTER
2A Private Variables

6
30A O-READ-MENU-FILE

50
31~ O-WRITE-MENU-FILE

21
33A O-READ-TXT-ZTEM

47 48 49 5l 53 54 57 63
C_REC

32A O-READ-MENU-TITLE
20 30

o ISPLACEMENT_
2A Private Variables

'13

183

15 10 1990 PAGE 4' 2



Birds
DATA INDEX
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DATA ITEM
REFERENCED IN SEGMENT

LINES
811. Help Menu Process [P-HELPl

2
11A Attribute Menu Process [P-ATTR-MENUl

3 43 51 63
1311. Utility Menu Process [P-UTILl

3 38 46 53
1611. Find Main Menu Process [P'F!ND-MENU]

5 44 52 59
1811. List Found Birds Process [P-LIST-FOUND]

12 46 51
21A List Attributes Process [P-LIST-ATTR]

11 56 65 10
2411. List Matched Birds Pro~ess

n 50 55
26A Count Bird Process [P-COUNT-BIRDJ

2 24 28
3311. O-READ-TXT-ITEH

29 43
36B O-LIST-SELECTED-AYTRIBUTES

12 14 17 2t
4311. O-~lST-MATCHED-BIRD~

13
44B O-CHAN~F-BIRD-COUNT

5
458 O-LIST-FOUND-BIRDS

13
false_

24A List Matched Birds Process
30

FLAG_ARY
3011. O-READ-MEHU-FILE

58
31A O-WRITE-MENU-FILE

25
33A O-READ-TXT-ITEM

57
FLAG_NUMBER

3411. O-UPDATE-ATTR-FLAG
24 26 28 35

F_POWTER
211. priwte Variables

7
3011. O-READ-MENU-FILE

52 62
GUIDE_ARROW_L

5611. O-INITIAL-TEXT
29

5711. O-MOVE-TEXT-LEFT
26 33

S8A O-MOVE-TEXT-RIGHT
32 35

62A O-WRT-W2
11

184
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Birds
DATA INDEX

DATA nEM
REFERENCED IN SEGMENT

LINES
GUIDE_ARROIol_R

56A O-INITIAL-TEXT
25 27

57A O-MOVE-TEXT-LEFT
28 30 34

58A O-MOVE-TEXT-RIGHT
31 34

62B 0-IoIR1-1oI3
11

HELP_ARY
30A O-REAO-MENU-FILE

73
31A 0-IoIRITE-MENU-FILE

31
33A 0-REJ.D-TXT -ITEM

41
HELP_ID

11A Attribute Menu Process [P-ATT~-MEHU]
20

1SA Utilit}' Menu Process [P-UTIt.l
20

16A Find Main Menu Process [P-FIND-HEN~.
21

18A List Found Birds Process [P-LIST-FOUNDJ
28

19B Clear Found Birds Process [P-C~EAR-FOUNDJ
11

21A List Attributes Process [P-LIST-ATTRl
26

22B Clear Attributes Process [P-CLEAR-ATTRJ
10

24A List Matched Birds Process
28

26A Count Bird Process [P-COUNT-BIRDJ
16

27B Clear a Found Bird Process [P-CL~AR-BIROl
10

H_C_POINTEIi
33A O-READ-TXT-ITEH

31 33 34 37 38 41
H_F_POINTER

30A O-READ-MENU-FILE
68 79

Il_F_POINTR
30A O-READ-MENU-FILE

77
H_L._POINTER

30A D-READ-~ENU-FILE
77 80

31A 0-IoIRITE-HENU-FILE
~O

33A O-READ-TXT-ITEM
33

185
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Birds
DATA INDEX

DATA ITEM
REFERENCED IN SEGMENT

LTNES
33A O-READ-"XT-XTEM

~H
lD_ATTR_M

1A Public Constants
1

ID_BIRD_f
1A public Constants

11
ID_BIRD_SAN

1A Public Constants
8

IO_COLORING
1A pub' c Constants

15
IO_COUNTRI

1A Public Constants
4

IO_FEATURE
1A Public Cor~tants

14
10_FEEDING

1A Public Constants
13

IO_FINO_H
1A public Constants

2
IO_HABITAT

1A Public Constants
9

10_HELP
1A public Constants

3
33A O-READ'TXT-ITEM

2&
IO_H:t::ING

1A Public Co~stants
6

10_MARKING
1A PiJblic:Constants

16
IO_N_PARKS

1A Public Constants
5

IO_SIZE
1A Public: Constants

12
IO_STATUS

'A public Constants
10

IO_TOWNS
1A Public: Constants

7
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Birds
1>1.i l'l I 110EX

DATA ITEM
REFERENCED IN SEGMENT

LINES
IO_UT ILITY

1A Public Constants
17

1_
301. O-REAO-MENU-FILE

54 56 58 59 70 73 74
3'" O-WRITE-MENU-FILE

22 23 24 25 26 29 30 31
50A O-READ-O-FILE

17 18 19 20
SOB O-WRITE-a-FILE

17 1a 19 20
51A O-EXCH-Q-BLOCI::S

14 15 16 16 17 19 20 21
52A O-fRONT-ENO

26 27 28 28 29
53A O-DEQ

29 30 31 31 32

32

21 22 24 25 26 26 27

KEY_
2A Private Variables

5
8A Help Menu Process [P-HELP)

12 13 14
11A Attribute Menu Process [P-ATTR-MENU]

13 14 17
1lA Utility Menu Proces~ [P-UTIL]

13 14 17
16A Find Main Mel1u Process [P-J:IND-MENU]

15 16 18
16A List Found Birds Process [P-LIST-FOUNDl

22 23 25
198 Clear Found Birds Process [P·CLEAR·FOUNO]

5/.8
21A List Attributes Process [P-LIST·ATTRl

8 9 19 ~O 23 3E 39 40 52 53
22B Clear Attributes Procer.s [P-CL~AR·ATTR]

567
24A List Hatched Birds Process

8 9 21 22 25
26A Count Bird Process [P-COUNT-BIRO]

10 11 13
27B Clear a found Bird Process [P·CLEAR-BIRO]

567
67A O-WAIT

12 13
KEY_ON_ARROW

:1A Att~ibute Menu Process [P-ATTR-HENU)
62

13A Utility Menu Process [P-UTlL]
52

16A Find Main Menu Process [P-FIND-HENU]
58

187

)---
~
0_" •• c,_

15 10 1990 PAGE 4 - 6



Birds
DATA INDEX

DATA ITEM
REFERENCED IN S~GMENT

LINES
181. List Found Birds Process [P-LIST-FOUNDl

50
21... List Attributes Pror,ess [P-LIST-ATTRl

69
241. List Matched Birds PrOCQSS

54
261. Count Bird Process [P-COUNT-BIRO]

27
KEY_ESCAPE

8A Help ~enu Proces~ [P-HELP]
25

111. Attribute Menu Process [P-ATTR-MENUl
84

131. Utility Mcnu Process [PGUTlL]
.,9

161. Find Main Menu Process [p-rINOGHENU]
75

181. List Found Birds Process [P-L1ST-'OUNOl
55

198 Clear Found Birds Process [P-CLE~R-FOUNOl
20

211. List Attributes Procer.s rp-LIST-ATTR]
84

22B Clear Attributes Proce~s [P-CLEAR-ATTRl
23

241. List Matched Birds Frocess
69

261. Count Bird Process [P-COUNT-BIRO]
31

278 Clear a Found Bird Process [P-CLEAR-BIRDl
2.0

KEY_HELP
111. Attribute Menu Process [P-ATTR-HENUl

18
131. Utility Menu Process [P-UTILl

18
161. Find Main Menu Process [?-FIND-MENU]

19
181. List Found Birds Process [P-LIST-FOUNDl

2b
19B Clear Found Birds Process [P-CLEAR-FOUNDl

9
211. List Attributes Process [P-LIST-ATTRJ

24
22B Clear Attributes Process [P-CLEAR-ATTR]

8
241. List Matched Birds Process

26
261. Count Bird Process [P-COUNT-BIRel

14
27B Clear a Found Bird Precess [P-CLEAR-BIRD]

8

188
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Birds
DATA INDEX

DATA ITEM
REFERENCED IN SEGMENT

LINES
KEY_LEFT_ARROW

SA Help Menu Process [P-HELP]
15

11A Attribute Menu Process [P-ATTR-MENU]
74

13A Utility Menu Process [P-UTIL]
59

16A Find Main Menu Process [P-FIND-MENU]
65

21A List Attributes Process [P-Ll"'" n,'TR]
74

24A List Matched Birds Process
59

KEY.,MODE
UA Attribute Menu Process :P-ATTR-MENU]

23
13A Utility ~~nu Process [P-UTILl

23
16A Find Main Menu Process [P-FIND-MENU]

24
1SA List Found Birds Process [P-LIST-FOUND]

31
198 Clear Found Birds P,'ocess [P-ClEAR-FOUND]

14
21A List Attributes Process [P-LIST-ATTR]

29
22B Clear Attributes Process [P-CLEAR-ATTR]

13
24A List Matched Birds Process

31
26A Count Bird Process [P-COUNT-BIRD]

19
27B Clear 8 Found Bird Process [P-CLEAR-BIRD]

13
KEY_QUIT

'1A Attribute Menu Process [P-ATTR-MENU]
91

13A Utility Menu ProcesS [pnUTtLl
71

16A Find Main Menu Process [P-FIND-MENU]
82

1SA List Found Bi,'ds Process [P-LlST-fOUND]
57

21A List Attributes Prucess [P-LlST-ATTRl
86

24A List Matched Birds Process
71

26A Count Bird Process (P-COUNT-BIRD]
33

KEY_RIGHT_ARROW
SA Help Menu Process tP-HELPJ

20

189
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DATA INDEX

DATA nEM
REFERENCED IN SEGMENT

LINES
11A Attribute Menu Pl'ocess [P-ATTR-MENU]

79
13A Utility Menu Process [P-UTILl

64
16A Find Mein Menu Process [P-FIHD-MENUl

70
21A List Attributes Process [P-LIST-ATTR]

79
24,1. List Matched Birds Process

64

J
~,

KEY_SELECT
11,1.Attribute Menu Process [P-ATTRoMENUl

27
13A Utility Menu Process [P-UTILl

27
16A Find Main Menu Precess [P-FIND-MENU]

28
18A List Found Birds Process [P-LIST-FOUND]

35
198 Clear Found Birds Process [P-CLEAR-FOUNOl

18
21,1. List Attributes Process [P-LIST-ATTR]

:$3 41
22B Clear Attributes Precess [P-CLEAR-ATTR]

17
241, List Motched Birds Process

35
27B Clear a Found Bird Pi'ocess [P-CLEAR-BIROJ

17
KEY_UP_ARRO\l

11A Attribute Menu Process [P-ATTR-MENUl
50

13A Utility Menu Process [P-UTIL]
45

16,1. Find Main Menu Process [P-FIND-MENU]
51

18A List Found Birds Process [P-LIST-FOUND]
45

21,1. List Attributes Process [P-LIST-ATTR]
64

24A List Matched Birds Process
49

26A count Bird Process rp-COUNT-S1RDl
23

LAST_PROCEltS_11>
10 Public Variables

2
18A List Found Birds Process [P-LlST-FOUND]

10
24A List Matched Birds Process

10 10
26A Count Bird Process tP-COUNT-SIRO],

190
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DATA INDEl(
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DATA ITEM
REFERENCED HI SEGMENT

LINES
27B Clear a Found Bird Process [P-CLEAR-BIRD]

19
I..INE_

30A O-READ-HENU-FILE
24 27 28 31 32 34 37 41 45 4~ 47 48 49 50 51 52 53 56 57 58 ~9 60 62
63 67 68 69 71 75 76 77

LIST_FOUND_METHOD
37A O-R~ADDLlST-FOUND-HETHOD

14 17
LIST _MA',CHED_HETHOD

24A List Hatched Birds Process
37

38A O-READ-LIST~HATCHED-HETHOD
14 18 22 25

L_POINTER
2A Private Variables

8
30A O-READ-MENU-FILE

62
31A O-WRITE-MENU-FILE

23
33A O-READ-TXT-ITEM

49 53
HENUS_ARY

32A O-READ-HENU-TITLE
19 30

MENU_TIT!..E
1C Private Constants

1

v

'1A Attribute Menu Process [P"ATTR-MENU]
2

13A Utility Menu Process [P-UTILl
2

16A Find Main Menu Process [P-FIND-MENU]
4

30A O-READ-MENU-FILE
48

31A O-WRITE-MENU-FILE
20

32" O-READ-MENU-TITLE
30

NO_OF_BIRDS
42A O-SCAN

38 53 64
43B O-READ-COUNT-FILE

12
44A O-WRITE-COUNT-FILE

12
45A O-READ-NO-OF-FOUND-BIRDS

13
46A O-CLEAR-FOUND-BIRDS

13
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Birds
DATA INDEX

DATA ITEM
REFERENCED IN SEGMENT

~lNES
NO_OF_FOUND_BIROS

18A L:st Found Birds Process [P-LIST-FOUNDl
3

45A O-READ-NO-Of-FOUND-BIRDS
'J2 16 19

NO_OF_FOUND_BIRDS_PRIVATE
45... O-READ-NO-OI-FOUND-BIRDS

'19
NO_Of_LINES

30A O-READ-MENU-FILE
31 34 69 76

NO_OF_MATCHED_BIRDS
24A List Matched Birds Process

3
421\ O-SCAN

20 41 48 58 64
47A O-RE~D-NO-OF-MATCHED-BIRDS

12
NO_OF_MATCHED_BIRDS_PRIVATE

47A O-READ-NO-Or-MATCHED-BIRDS
12

NO_Of_REC
31A O-WRITE-MENU-FILE

17
32A O-READ-MENU-TITLE

26
NO_OF_SELECTED_ATTRIBUTES

21... List Attributes Process [PHL!ST-ATT~J
3 47

35A O-READ-NO-OF-SELECTED-ATTRIBUTES
13 17

NO_OF _S_ATTR
35A O-READ-NO-OF-SELECTED-ATTRIBUTES

17
NO_O_REC

30A O-READ-MENU-FILE
36

PROCESS_ID
18 public Variobles

1
SA Scheduler Process

34
'1A Attribute Menu Process [P-ATTR-MENU]

20 85
13A Utility Menu Process [P-UTILl

20
16A Find Main Menu Process [P-FIND-MENU]

21 76
18A List Found Birds Process [P-LIST-FOUND]

28 39 41
198 Clear Founo Birds Process [P-CLEAR-FOUND]

11
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Birds
DATA INDEX

DATA ITEM
REFERENCED 1M SEGMENT

LINES
21A l.st Attributes Process [P-LIST-ATTRl

26
22B Clear Attributes Process [P-CLEAR-ATTR]

10
24A List Hatched Birds Process

28 39 41 43 45
26A CQunt Bird Process [P-COUNT-BIRD]

16
27B Clear & Found Bird Process [P-CLEAR-BIRD]

10 19
30A O-READ-MENU-FILE

46
311. O-WRITE-HENU-FILE

19
32A O-READ-MENU-TITLE

19
331. .O-READ-TXT-ITEM

28
341. O-UPDATE-ATTR-FLAG

44
52A O-FRONT-ENQ

22 31
531. O-DEQ

27
Q_ARY

50,1. O-READ-Q-fILE
19

SOB \1-..,RITE-Q-FILE
19

51A O-EKCHuQ-BLOCKS
16 21 21 26

52A O-FROI!T-ENQ
22 28 28 31

53A O-DEQ
27 31 31

Q_DAT
SUA O-READ-Q-FlLE

13
Q_MIDL

50A O-READ-Q-FILE
14

SOB O-YRITE-Q-FILE
13

51,1. O-i:XCLl-Q-BLOCKS
15 20 21 25 26 29 29

52A O-FRONT-ENQ
23 33

531. O-DEQ
18 19 20

Q_SIZE
52A O-fRONT-ENQ

18
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Birds
l'ATA INDEX

DATA ITEM
REFERE~CED IN SEGMENT

LINES

,

Q_TAIl
50A O-READ-Q-FllE

16 18
~OB O-WRITE-Q-FllE

15 18
5110 O-EXCH-Q-BlOCKS

20 26 29
52A o-rRONT-ENQ

18 21 24 26 32
53A Q-DEQ

17 22 24 30
Q_IMP_ARY

511 O-EXCH-Q-BlOC~S
16 26

30A O-READ-MENU-FIlE
30 35 36

3110 O-WRITE-~CNU-FILE
16 17 34

32A O-READ-MEN~-TITLE
16 19 20 23 26

REV..W4
33A O-READ-TXT-ITEM

59 61
63A O'_U-W4

11
SElECTED_ATTR

3&B O-FILl-FILTER
16

SELECTED_ATTR_SET
38B O-FILL-FILTER

14 16
4ZA O-SCAN

22 26 30
STATUS -210 Private Variables

4
51. Scheduler Process

6 29
"A Attribute Menu Process [P-ATTR-MENU]

31 53 65
1310 Utility Menu Process [P-UTIL]

30
16A Find Main Menu Process tP-FIND-MENU]

32
3010 O-READ-MENU-FILt

39 43 45 65
3210 O-READ-MENU-TITLE

27 29
3310 O·READ-TXT-~TEM

65
52A O-FRONl-ENQ

19
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Birds
DATA INDEX

DATA ITEM
REFERENCED EI! SEGMENT

LINES
52...O-FRONT-ENQ

34
53A O-DEQ

25 28
STOP_

, SA Scheduler Process
27

11A Attrlbute Menu ~rocess [P-ATTR-KENUJ
94

18A List Found Birds Process [P-LIST-FOUND]
60

21A LiRt Attributes Process tP-LIST-~TTRl
89

24A List Matched Birds Process
74

STRATEGY_
42A O-SCAII

(14 28 32 34
SYSTEM_ON

SA Scheduler Process
1 20

67B Quit Program [P-QUIT-PROGJ
19

TEXT _
!;,'" Sche~uler Pro~~sr

8 10 12 14 16
30A O-READ-MENU-FILE

26 27
501: O-READ-Q-FILE

13 14 15 16
SOB O-LiRITE-Q-FILE

13 14 15 16
TEXT_ARY

31A O-LiRITE-MENU-FILF.
24

TEXT_OAT
30A O-READ-MENU-FILE

26
31A O-LiRITE-MENU-FILE

18
TEXT_DISPLAY

2A Private Variables
2

8A Help Menu Process [P-HELP]
7 19 24

11A Attribute Menu Process [P-ATTR-MENU]
8 48 57 69 78 83

,3A Utility Menu Process [P-UT1Ll
8 43 51 58 63 68

16A Find Main Menu Process [P-FIND-MENUJ
10 49 57,64 69 74

21A List Attributes Process [P-LIST-ATTRl
78
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Birds
DATA INDEX

DATA ITEM
REFERENCED IN SEGMENT

LlNES
21,1. List Attri~utes Process [pwl.IST-ATTR]

83
24,1. List Matched Birds Process

63 68
56,1. 0- INITIAL-TEXT

23
57,1. O-HOVE-TEXT-LEFT

36
5(1" O-MOVE-TEXT-RIGHT

38
618 tHIRT-\l1

17
6?A O-YRT-~;:!

16
628 O-WRT-W3

16
63,1. O-WRT-W4

18
TEXT_iTEM

2A Private VariabLes

33,1. O-READ-TXT-ITcM
41 63

56,1. O-INITIAL-TEXT
23

57,1. O-HOVE-TEXT-LEFT
10 11 16 27 36

58,1. O-MOV~-TEXT-RIGHT
10 11 16 18 22 23 30 38

TEXT_LENGTH
2,1. Private Variables

12
56,1. O-INITIAL-TEXT

24
TNP_ARY

30,1. O-READ-MENU-FILE
37 41 46 48 50 53 56 58 60 63 71 73 75

TXT_ARY
30,1. O-READ-MENU·FIL~

56
33,1. O-READ-TXT-ITEM

63
W1._SIZE

2,1. Private Vari&bles
21

\l1_X
2,1. Private Variables

15
61B O-URT-\l1

16
6l;,A.O-CLR-W1

11
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Birds
DATA INDEX

DATA ITEM
REFERENCED IN SEGMENT

LINES
W1_Y

2/\ Private Variables
16

61B O-WRT-W1
1~

64A O-CLR-W1
11

1l2_SIZE
21. Private Variables

22
1l2_::

621. O-IlRT-W2
15

648 O-CLR-1l2
11

WZ_Y

t
621. O-URT-1l2

15

~
648 O-CLR-1l2

11

~
Y3_SIZE

2A Privat~ Variables
23

1o/3_X
2A Private Variables

17
62e O-llkT-W3

15
64C O-CLR-W3

11
W3_Y

21. Private Variables
18

628 \)-WRT-W3
'15

64C O-CLR-W3
11

W4_SIZE
21. Private Variables

24
W4_X

2A Private Variables
19

63A V-IJRT-W4
17

I 638 O-WRT-W;

l 12
651. O-CLR'W4

) 11
1l4_Y

2A Private Variables
20
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DATA INDEX

15 10 1990 PA

DATA ITEM
ReFERENCED IN SEGMENT

LINES
63.1. O-WRT-lJ4

17
63B O-WRT-lJ5

12
65A O-CLR-W4

11
W5.•TEXT

63B O-WR'I'-W5
13

WS_x
658 O-CLR-w5

l'WS_y
658 O-CLR-W5

11
W_L_POINTF.lC

2A Private Variables
9

56.1. O-IHITlhL-TEXT
21 23

57.1. O-MO~~-TEXT-LEFT
10 11 12 16 17 18 19 23 24 36

58A O-HOVE-TEXT-RIGHT
28 29 38

"'_R_POINTER
2.1. Prfvate YariLblea

10
56.1. O-INITIAL-TEXT

22 23
57A O-MOVE-TL~T-LEFT

23
58.1. O-MOYE-TEXT-RIGHT

10 11 12 16 17 19 2~ 23 28 3
W_SIZE

56.1. C-!NITIAL-TEXT
22 24

57A O-MOYE-TEXT-LEFT
23 27 36

58.1. O-MOVE-TEXT-RIGHT
18 ~9 28 ~8

1.98



APPE~WIX. c- LIST OF MODULES ~~ CODE SIZE

5-Find Main Menu Process :;;10 6 6

I
! I
I

Module Name Code Size
in Lines

% of Total
code Size

, 1-Data Environment 84 2.2

2-Scheduler Process 140
3-Attribute Menus Process 223 5.9
4-Utility Menu Process 200 5.3

6-List Found Birds Process 206 5.4
7-Clear Fovnd Birds Process 99 2.6
8-I,;1..::;tAttributes Process 204 5.4
9-Clear Attributes Process 108 2.9
10-List Matched Birds Process 198 5.2
ll-Count Birds Process . 125 3.3
12-Clear Bird From Found Birds Process 90 2.4
13-Help Process 109 2.9

14-Screen Resource 226 6.0
15-Scroll Resource 155 4.1
16-Text Resource 647 17.1
17-Bird Resource 527 :l4.0
18-Process Queue Rosource 227 6.0
______________________ · ..·'f..~'JOJ' _

Total Code 37713 100.0
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