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CHAPTER I 

INTRODUCTION 

Data base management systems (DBr1S) , and management 

information systems (MIS) are terms that are frequently used 

in modern computer installations. Although both concepts 

originated with the automation of accounting, production, 

and inventory control, they evolved into major systems as 

the emphasis in cor.1puter processing shifted in an attempt to 

meet management's information needs. 

The difference between data base management systems and 

management information systems is subtle but real. c. J. 

Date ( 1) defines a data base management system as a 

collection of stored operational data used by the 

application systems of some particular enterprise. An 

appropriate definition of an rnanagenent information system 

is one presented by Riley { 2). P.n information management 

system is a system for collecting, sorting, retrieving, and 

processing information which is used, or desired, by one or 

more managers in the performance of their duties. Thus a 

data base management syster.1 is part of a larger information 

manager.1ent system. This study 'IJill focus on data base 

. anagernent systems and will investigate the feasi bi1 ity of 

1 
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using microcomputers to implement and maintain a small, 

stand-alone data base system. 

George M. Scott (3) provides a definition of a modern 

data base as a collection of computer files of data 

structured to enable efficient updating, maintenance, 

reporting, and storage of data and to enable rapid retrieval 

of all stored data that must be brought together for a 

particular operation or managerial purpose. This definition 

implies two major dimensions of a data base. The first 

dimension relates to structuring data files to enable 

efficient updating, maintenance, reporting, and storage of 

data. Data base structuring involves complex data-file 

design and data retrieval technology. The various data 

structural models d,!~cuss~d in this study include the 

hierarchical or tree model, the network model, and the 

relational model. 

The second dimension of data bases referred to in 

Scott's definition, enabling rapid retrieval of all stored 

data that must be brought together for a particular 

operation or managerial purpose, illustrates the 

relationship that exists between data base systems and 

rna .agement information systems. The functions of query 

la guages and the r ole they play in data base management 

design is also included ;ithin this second dimension. This 
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study is concerned with the design ~nd imp~~rn.entati_on_2_f a v-­

data base sys_tem. The theoretical discussion of query 
--------------- - - -- -
languages, their implementation, and completeness is not 

included. 

To design any data base management system, it is 

necessary to define the information to be represented within 

the system. A. T. F. Hutt (4) defines a "Perceived Field" of 

a data base as that part of the real world \Jlhich is to be 

reflected within the system. Hutt stresses the importance 

of deciding on the size of the perceived field and the 

necessity of allowing the field of perception to grow via a 

number of phased expansions of the data system. The "Field 

of Perception" of the data base to be implemented in this 

study is outlined in figure 1. Since th purpose of the 
~ -

study is to investigate the feasibility of using micro 
../"'-... 

computers to irnpl ement and manage a stand-alone data __ F>ase, a 

small environment has been selected. The data base to be 

i mplemented is to consist of the schedules of students, 

class lists, and student grade reports for a high school 

environment of five hundred students. 

In designing a data base management system, several 

basic functions of the system must be considered. The 

system must be able to retrieve particular records, insert 

ne¥1 records, delete individual records, and update specific 



Student 
schedules 

Class 
lists 

Input data 

Grade 
reports 

Output 
to 

P. records 

Information retrieved from the system 

Procedures: 
1. Input student schedules. 

2. Produce class 1 ists. 

3. Input student grades. (mid and end of semester) 

4. Produce student grades reports. 

5. Prepare output for the permanent record file. 

~: An environment of five hundred students is assumed 
and although this implementation does allow for reporting 
to the permanent record file, this file is not included in 
the system system as developed in this study. 

Fi gure 1: Perceived Field 

4 
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information represented vlithin the system. Fundamental to 

the design of the data manipulation language (Dr~L) tvhich 

supports these basic functions is the conceptual view of the 

data. In particular, the data structure dictates the design 

of the corresponding data manipulation language. 

At present, the three best knO\tln data structural models 

are: the hierarchic or tree model, the network model, and 

the relational model. The conceptual view of data suggested 

by these models dictates the design of the DML needed to 

support the basic functions of inserting records into the 

system, deleting data from the system, and updating 

information contained within the system. The hierarchic or 

tree model employs a hierarchical design of data and "'as 

adapted by the Conference of Data Systems Languages 

(CODASYL) and presented in their 1971 DBTG report. This 

model suggests that real world data lies within hierarchical 

structures with one record at the top of the tree, referred 

to as the root node, and other records dependent on it. In 

general any record may have any number of de pendents and 

each of these dependents may have any number of dependents, 

and so on. In the hierarchical model each dependent must 

have exactly one successor. Figure 2 illustrates a 

hierarchical view of the data represented in a student 

infor ation system . 
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Figure 2: Hierarchical View of Student Information Data 
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Dl>'IL needed to maintain the basic functions of 

insertion, deletion, and updating of information becomes 

compleJc. It is impossible to insert a new student until his 

classes have been defined. The procedure required to delete 

an existing student is also complex since the data base must 

be searched in its entirety and all occurrences of the 

particular student must be deleted. It also follows that if 

we delete all classes of a particular student, we have 

deleted the existence of the student. Thus the insert and 

delete anomalies reflect a similar problem. The update 

procedure also involves searching the entire structure. To 

update a particular student's address, for example, the 

entire structure must be searched and each occurrence of the 

Laddress modified. 

'I The netv1ork data structural model is a more general 

structure than the hierarchical model. A given record in 

the network model may have any number of immediate superiors 

whereas a record is restricted to exactly one superior in 

the h ierarchical model. The network approach allows 

many-to-many relationships whereas the hierarchical model is 

restricted to one-to-many relationships. Figure 3 

i1lust ra tes a ne t v1or k vie\'/ of the student record data 

representation. Th e procedures for inserting, deleting, and 

updating infor ma tion become conceptually simple within the 
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netv1ork model and the anomalies discussed v1ith the 

hierarchical model do not arise. A ne\'J student could be 

added to the structure before his schedule is defined and to 

delete a student, or update a student's address we need not 

search the entire structure. The prime disadvantage of the 

network model, however, lies in the cornplexi ty of the DHL 

required. The programming involved becomes extremely 

sophisticated resulting in relatively high implementation 

and maintenance costs. 

\ The relational approach, first proposed by Codd ( 5) in 

1971, is a different approach to describing and manipulating 

It views the data base as a simple collection of tv10 

dimensional tables called relation§ . Although conceptually 

simple, as illustrated in figure 4, a r a! ion can be 

explicitly defined as a two dimensional table with m ro\>JS, 
~ -- --

each made up of a set of n-tLtPles. Each of the columns in a 

relation is a set of values of o_ne attribute and is referred 

t o as a domain. The po'vJer of a relational data base exists 

in the data manipulation language rather than in the data 

structure. Figure 4 illustrates how the data in the student 

information system can be represented by a number of 

relations. The inserting, deleting, and updating procedures 

become relatively simple . A new student can be inserted 

into the student - schedule or student-information relation s 
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Student Number Course Teacher Period Room 

J Pre-Cal] 

D CJ CJ c::J 

D CJ c:J c::J 

{Eng9 ] CJ c:J CJ 
EJ ( EnglO I D D D 
@ ( Engl2 I §] GJ c:J 

Figure 3: Network View of Student Information Data 
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Student-Schedule Relation: 

Student courses 
Number 

" ... 
Sl Algl EnglO Biology P.E. 

S2 Eng9 French Sci9 St. Hall 

S3 Engl2 Physics Pre-Cal German 

S4 Eist9 Algl Biology French 

S5 Am.Prob. P.E. EnglO Geometry 

• • • • • 

• . • • • 
~ 

S500 .. . • • 

Student-Information Relation: 

Student Address Parents Telephone 
Number 

r" 

Sl 521 Windsor Dr. John Jones 3 83-3 995 

S2 436 Johnson Dr. Jane Smith 452-6 547 

• • • • 

• • • · ~" 

Pigure 4: Relational View of Student Information Data 
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as required, a student can be deleted from any relation 

without affecting other relations, and procedures to update 

information require single operations. v 
A historical look at the development of Data Base 

Hanagement Systems shows that although recent trends appear 

to be moving toward the relational view of data, 

commercially available systems generally employ the 

hierarchical or network data structural model. Figure 5, 

taken from Data Base Management Systems (6) , outlines the 

general data bases that were commercially available in 1977 

and illustrates that the CODASYL hierarchical or tree 

structural design is the most widely used data model. IBM's 

Information Management System (IMS2) also uses a 

hierarchical data model but does not follow CODASYL 

standards and thus receives a classification of its own. 

Although there are no general relational data base systems 

commercially available, several experimental relational 

systems have been implemented with promising results. IBM's 

IS/1 shows the feasibility of supporting relational algebra, 

a data manipulation language proposed by Codd (5), and the 

experimental SYSTEM R, being developed at the IBM Research 

Laboratory, does classify as a pure relational system. 

The specific aims of this study are to investigate the 

feasibility of using microcomputers to implement and 
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SYSTEN SUPPLIER CLASSIFICATION 

Dr.IS-11 Burroughs Network 

DHS-170 Control Data CODASYL DBTG 

TOTAL CINCOl1 Net\~Jork 

IDHS Cullinane CODASYL DBTG 

DBf.!S/ 10 DEC CODASYL DBTG 

IMS2 IBH Hierarchical 

SYSTEl-1 2000 MRI Tree, Inverted 

ADABAS Software AC Network 

inverted 

DMS 1100 UNIVAC CODASYL DBTG 

Figure 5: A partial list of Data Management Systems 
co rnm e r cia 11 y a v a i 1 a bl e 

maintain a stand-alone data base to be used in a high school 

env i r onrnen t. A data base management system, with the field 

of perception as outlined in figure 1, will be implemented 

using the relational data model. The multi-step design 

methodology, presented by Hutt (4}, is followed. The steps 



involved in Hutt's multi-step methodology are: 

1. THE OBJECT ENVIRONHENT: The perceived field is 

identified and real world objects that exist 

within it are defined. 

2. THE INFORMATION ENVIRONHENT: A number of 

relations in third normal form, as defined in 

chapter two of this document, are defined. 

3. THE STORED ENVIRONHENT: The indexes and storage 

structures are defined. 

4. THE SOF~.YARE ENVIRONMENT: The development of the 

computer software which operates on the stored 

data to perform the required results. 

13 



CHAPTER II 

THE ARCHITECTURE 

2.1 Definitions 

c. J. Date (1) defines a relation R on a collection of 

N sets Dl, D2, ••• ,Dn as a set of ordered n-tuples 

<dl,d2, ••• ,dn> such that dl belongs to Dl, d2 belongs to 

D2, ••• ,dn belongs to Dn. Sets Dl, D2, ••• , Dn are called the 

domains of the relation R and the value of n is the degree 

of the relation. It is important to distinguish between a 

domain and an attribute which is drawn from the domain. An 

attribute represents the use of a domain within a given 

relation. To emphasize this distinction; the attributes for 

t he relation Student-Schedule given in figure 4 of chapter 1 

consist of coursel, course2, course3, and course4r which are 

al l ta ken from the domain of courses offered. Generally 

speaki ng, if a relation is considered to be a table of 

va lue s with m rows and n columns, the attributes can be 

cons ider e d to be the names given to the individual columns. 

In any relation there will be at least one attribute, 

or a combi na t ion o f attributes, that are unique within the 

relation . If t h e r el ation contains one such attribute, this 

attribute is known as the pr imary key of the relation. In 

14 
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the relation Student-Schedule the attribute (student number) 

serves as the primary key since each occurrence of a 

specific student number uniquely defines a 5-tuple. If a 

relation contains more than one attribute combination 

possessing this unique identification property, one 

attribute combination is arbitrarily chosen as the primary 

key while the remaining "candidate keys" are referred to as 

alternate keys. 

The problem of defining what relations are needed and 

what their attributes should be is the fundamental problem 

of designing a relational data base. The concept of 

normalization of relations plays an important role in 

defining appropriate relations to adequately represent the 

data. The following discussion introduces the concept of 

normalization and discusses why it is important to properly 

define the relations in third normal form when designing a 

relational data base. 

Every relation is considered to be in first normal form 

if each entry in the relation is atomic (i.e. if each entry 

is nondecomposable as far as the system is concerned). This 

definition is fundamental in defining relations and simply 

means that each entry in the table consists of precisely one 

value, never 

first normal 

a set of values. A relation that is only in 

form leads to anomalies similar to those 



encountered by hierarchies 

example, the relation given 

normal form and problems 

discussed 

in figure 

occur with 

in chapter 1. 

6(a) is in 

the three 
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For 

first 

basic 

operations of inserting, deleting, and updating information. 

We cannot enter the fact that a new student exists until he 

has defined at least one class, if we delete all classes we 

delete the student, and if the teacher of a particular 

course is changed the entire structure must be searched and 

all appropriate changes made. 

In order to resolve some of these difficulties, first 

normal form relations are transformed into second normal 

form relations. Before we can define second normal form 

relations, the concepts of functionally and fully 

functionally dependencies must be understood. An attribute 

Y of a relation R is said to be functionally dependent on 

attribute X of R if and only if each X-value in R is 

associated with precisely one Y-value in R. Furthermore, 

attribute Y is fully functionally dependent on attribute X 

if it is functionally dependent on X and not functionally 

dependent on any proper subset of X. In the 

in f i gure 6 (a) the attribute ( Sname) 

relation given 

is functionally 

depe·nde nt on the primary key (student number, course number) 

but it is no t f ully functionally dependent on this attribute 

since ( Sname ) is a l so dependent on (student number) wh i ch is 
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a proper subset of the attribute combination (student 

number,course number). 

We now define a relation to be in second normal form if 

and only if it is in first normal form and every nonkey 

attribute is fully functionally dependent on the primary 

key. It is clear that the relation Student-Information 

given in figure 6 (a) is not in second normal form since the 

non key attribute ( Sname) is not fully dependent on the key 

(Snumber,Cnumber). A relation in first normal form can 

always be transformed into equivalent relations in second 

normal form. The process involves eliminating the non-full 

functional dependencies. The functional diagram given in 

figure 6 (b), gives functional dependencies and leads to 

defining the relations in second normal form given in figure 

7. The anomalies discussed above do not exist with 

relations in second normal form since a student can exist 

before classes are defined by simply inserting the 

appropriate tuple into the student-name relation. The 

relation Teacher(Cnumber, Tnumber, Tname), however, still 

creates problems. To be specific, the dependency of (Tname) 

on the primary key is transitive. Each (Cnumber) determines 

a (Tnumber) which in turn determines a (Tname). The 

anomality created by the transitivity exists in that we 

cannot insert a teacher into the data base until a specific 



18 

class has been defined for him to teach. 

To overcome the above anomal ity we further reduce the 

second normal form relations to third normal form. A 

relation is in third normal form if and only if it is in 

second normal form and every nonkey attribute is 

nontransitively dependent on the primary key. This 

reduction process is accomplished by eliminating transitive 

dependence and the relation Teacher(Cnumber,Tnumber,Tname) 

is reduced to two relations. The relations 

CT(Cnumber,Tnurnber) with primary key (Cnumber) and 

TN(Tnurnber,Tnarne) with primary key (Tnurnber) replace the 

relation Student-Information. Figure 8 gives the four 

relations in third normal form equivalent to the given 

Student-Information relation. 

Several other normal forms have been defined which deal 

with relations with more than one candidate key but since 

all relations used in the design and implementation of the 

data base discussed in this study contain a single key, 

relations defined in third normal form will ensure that the 

above anomalies will not occur when implementing the insert, 

delete, and update procedures. 

2. 2 THE OBJECT ENVIRONMENT 

As illustrated in figure 1, the student courses and 
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grades are to be input into the system and the system is to 

produce student schedules, class lists, semester grade 

reports, and output to the permanent record file. This 

syst.em does not include the permanent record file but 

produces output containing class codes, grades, teacher 

codes, and teacher comment codes. The object environment of 

the relational data base to be implemented is: 

Student number: A five digit integer. The first two digits 

identify the graduation year and the 

remaining three digits identify the student. 

Student number 85123, for example, 

identifies that student number 123 will 

graduate in 19 85. 

Course number: A three digit integer representing a 

particular course. The specific departments 

are identified by the leading digit and 

individual courses within the department are 

identified by the remaining two digits. In 

this study the departments are identified by 

the following scheme. 

1 identifies an elective. 

2 identifies an English course. 

3 identifies a history course. 
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4 identifies a mathematics course. 

5 identifies a physical education course. 

6 identifies a science course. 

This identification is random and has no 

bearing on the design of the system. A 

course such as 421 will imply mathematics 

course number 2, section 1. 

Teacher Number: A two digit integer identifying the teacher 

of a particular course. 

Grades: An integer, maximum of two digits, 

representing the student grade in a 

particular course. The system allows for a 

mid-semester and end of semester grades. 

Teacher comment: A one digit integer (0-9) representing a 

teacher comment code. Two comments are 

represented; a mid-semester comment and a 

end of semester comment. 

Room Number : A two digit number identifying the room 

number for a particular class. 

2.3 THE INFORMATION ENVIRONMENT 

The information is represented within the system by a 

number of relations in third normal form. The relations 
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required are the Student-Schedule relation, the 

Teacher-Schedule relation, and the Class-Information 

relation. Although the relation Student-Name is given here 

for completeness it is not included within the system as 

implemented in this study. 

The Student-Schedule relation has domains student 

number, course number, grades, and teacher comment. Since a 

seven period day is assumed, the domains course number, 

grades, and teacher comment are repeated to form several 

attributes. Figures 9 and 10 give a detailed description of 

these relations including the primary keys and descriptions 

of the attributes of each of the relations. 

2.4 THE STORED ENVIRONMENT 

In this section the storage structures are defined. 

The Student-Schedule relation is stored externally as a 

random access file with a defined record length of one 

hundred and four bytes. Each record contains one 36-tuple 

of the relation as outlined in figure 11. Since the system 

is designed to accommodate a maximum of five hundred 

students, this file contains five hundred records. The file 

is indexed by the key attribute student-number. The index 

i s structured as a binary tree and is stored in core memory 

as a five hundred by four array and on auxiliary disk as a 
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sequential file~ 

The Teacher-Schedule relation has a structure similar 

to the Student-Schedule relation with each 8-tuple stored as 

one record of a random access file. This file has a defined 

record length of thirty one bytes and figure 12 gives a 

detailed description of one record of this file. The 

Teacher-Schedule index is also structured as a binary tree 

and is stored in core memory as a fifty by four array and on 

the disk storage as a sequential file. 

The Class-Information relation with attributes 

(Cnumber, Tnumber, Rnurnber, Csize, Sl ,S2, ••• , S35) is also 

stored as a random access file where each record has a 

defined length of two hundred and twenty five bytes. Each 

record of the file stores the course number, teacher number, 

period number, room number, class size, and the list of 

students currently enrolled in the class. The 

Class-Information index is also structured as a binary tree 

and is stored in core in an one hundred by fifty array and 

on the disk as a sequential file. 
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Relation: Student-Information 

Attributes (Snumber,Sname,Cnumber,Tnumber,Tname) 

Primary key (Snumber,Cnumber) 

Snumber 

Sl 

ss 

S46 

• 

S498 

Sname Cnumber Tnumber 

John Smith C7 T6 

Jack Jones C9 Tl 
-

Sam Bright C7 T6 

• • . 
Howard Go Cl8 Tl5 

-b-

Functional Dependencies 

key 

Piqure 61 Relation Student-Information in 
"First Normal Form" 
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Tname 

Mr. White 

Ms. Brent 

Mr • White 

• 

Mr. Black 



Function 
Dependency 

-a-
Relation: Student-Name 
Attributes: (Snumber,Sname) 
Key: ( Snumbe r) 

Snumber Sname 

Sl John Smith 

ss Jack Jones 

S45 Sam Bright 

S498 Howard Go 

I. Snumbe~n----~:>J Sname] 

-b-

Relation: Teacher 
Attributes: (Cnumber,Tnumber,Tname) 

Cnumber Tnumber Tname 

C7 T6 Mr. White 

C9 Tl Ms. Brent 

C7 T6 Mr. White 

Cl8 TlS Mr. Black 

Functional Dependencies 

Tnumber 

Cnumber 

24 

Figure 7: Relation Student reduced to "Second Normal Form" 



Relation: Student 
Attributes:(Snumber,Snarne) 
Key: (Snumber) 

Snumber Sname 

Sl John Smith 

ss Jack Jones 

• • 

S498 Howard Go 

Relation: CT 
Attributes:(Cnumber,Tnumber) 
Key: (Cnumber) 

Cnumber Tnumber 

C7 T6 

C9 Tl 

• • 

Cl8 TlS 

25 

Relation: Schedule 
Attributes:{Snumber,Cnurnber) 

. 

Key: (Snurnber) 

Snurnber Cnurnber 

Sl C7 

ss C9 

• • 

S498 Cl8 

Relation: TN 
Attributes:{Tnumber,Tname) 
Key: (Tnurnber) 

Tnurnber Tname 

T6 Mr. White 

Tl Ms. Brent 

• . 
TlS Mr. Black 

Figure 8: Relations in "Third Normal Form" 
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-a-

Relation: Student-Schedule 

Attributes: 
• • • • • • • period 1 • • • • • • • • • • • • • period 2 •••••• 

(SNumber,cl, gll, coll, glf, colf, c2, g21, co21, g2f, co2f, 

• • • • • period 7 •••••• 
,g7, g71, co71, g7f, co7f) 

Key: Snumber 
ci •••• implies ••• course number corresponding to 

appropriate period (7 period day). 

gil ••• implies ••• the mid-semester grade. 

coil •• irnplies ••• the mid-semester comment. 

gif ••• implies ••• the end of semseter grade. 

coif •• implies ••• the end of semester comment. 

-b-

Relation: Teacher-Schedule 

Attributes: (Tnumber, Cl, C2, C3, C4, CS, C6, C7) 

Key: Tnumber 

Tnurnber ••• implies ••• Teacher number 

Ci ••••••• implies ••• Course number of the ith class 
period. 

Figure 9: Relations St udent-Schedule and Teacher-Schedule 
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-a-

Relation: Class-Information 

Attributes:(Cnumber,Tnurnber,Pnumber,Rnumber,Csize,Sl, ••• ,Sn) 
Key : Cn umber 

Cnumber •• represents the course number. 

Tnurnber •• represents the teacher number. 

Pnurnber •• represents the period number. 

Rnurnber •• represents the room number. 

Csize •••• represents the cur rent class size. 

Si ••••••• represents a student number. emacs 

-b-

Relation: Student- Name 

Attribute~: (Snurnber, Snarne, Pnarne, Address, Telephone) 
Key: Snumber 

Snumber ••• ~epresent the student number. 

Sname ••••• represents the student name. 

Pname ••••• represents the parent's name. 

Address ••• represents the student's address. 

Tel ephone. represents the student's phone number. 

Figure 10: Relations Class and Student 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

.8.5.1.2.3.) .4.1.1.) .8.9.) .5.) .7.2.) .6.) .1.3.1.) .8.5.) .6.). 
0 5 10 15 20 25 

. . . . . . . . . . . . . . . . . . . . . . 
.8.1.).1.) •• . . . . . . . . . . . . . . . . . . . . . 

30 35 40 45 50 55 

. • . . . . . . . . . . . • . • . • • 
• • . • 

60 65 70 75 80 85 

. . . . • . . . . . • . . . . . . . . . . . . • . . . ) . 
90 95 100 

bytes: 0 • •••• 4 student number. 

5 end of field marker. 

6,7,8 course number (period 1) • 

9 end of field marker. 

10,11 mid-semester grade. 

12 end of field marker. 

1 3 mid-semester comment. 

14 end of field marker. 

1 5 end of semester grade. 

17 end of field rna r ke r. 

1 8 end of semester comment. 

19 end of field rnarke r 

1 04 end of record marker. 

Figure 11: Byte map of stu dent-Schedule File 
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. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . 
• 5.4.) .9.9.9.) .5.1.1.) .5.1.2.) .9.9.9.5.1.3.) .5.1.,4.) .5.1. 

0 5 10 15 20 25 

. 
• 1.) • 

31 

bytes: 0,1 teacher number. 

2 end of field marker. 

3,4,5 course (period 1). 

6 end of field marker. 

30 end of record rnarke r. 

Figure 12: BYTE MAP OF TEACHER SCHEDULE FILE 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
• 5.1.1.) .5.4.) .2.) .2.2.) .1.8.). . . . . . . . . . . . . . 

0 5 10 15 20 25 

. . . . . . • • . . . ) . 
30 35 225 

bytes: 0,1,2 course number. 

3 end of field marker. 

4,5 teacher number. 

6 end of field marker. 

7 period number. 

8 end of field marker. 

9,10 room number. 

11 end of field marker. 

12,13 class size. 

14 end of field marker. 

15-224 student numbers (maximum of 35). 

225 end of record marker. 

Figure 13: BYTE MAP OF CLASS-INFORMATION FILE 



CH!U'TER III 

THE SOFTI'lARE ENVIRONHENT 

The st udent information system developed in this study 

con s ists of a series of eight prograr.1s as outlined in figure 

1 4 and 1 i st e d i n append ices A t h rough H • Each pro g· ram is 

s t ruc t ur a lly designed and docunentation on the programs and 

s ubroutines i s gi v e n i n t his chapter. Although most of the 

p r o c edu r es ar e self explanatory, tHo procedures 

do c um ented s e parately in sections 3.1 and 3.2 of this 

chapte r. 

3 . 1 T HE INDEX STRU CTURES 

The system p rograms access the random access files by 

sto r ing t he key elen ents and file record numbers in an inde x 

struc tu r ed as a bina r y tree. The index structures are 

s tored ex terna l l y as sequential files and internally as n by 

fo u r a r r ays . The four entries per element represent the 

1 e .c t po i n t e r , k e y e 1 em e n t , r i g h t po inter , and the ran c1 or.1 

acces s fil e r e cord number correspondinq to the ke y element. 

Fi gu r e 1 5 giv e s the i nter nal matri x rep resentation of a 

r andom s e lection o f c lass numbers in terms of both the 

. at r ix an t h e a bst r a ct bina r y tree repres enta tion. It is 

31 
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possible to search the index to find a given key by 

following pointers in the array structure. Figure 16 gives 

the BASIC program for searching the matrix representation of 

a binary tree. 

3. 2 T HE BALANCE PROCEDURE 

Th e adv antage of using a binary tree structure to store 

a n index i s a reduction in time required to search the 

i ndex. The time required to search a binary tree is 

directly proportional to the length of the tree. Since it 

i s possible to const~uct various binary trees using the same 

nodes, as illustrated by figure 17, it is important to 

optimiz e t he s t ructure of the tree by minimizing its length. 

The student inforrnat i or. system developed in this study 

conta ins a tr ee balancing procedure which produces the 

optima l tree structure, a balanced binary tree. The 

procedure , i nc lude d \v i thin the BUILD program listed in 

appen d ix I I I , u t i 1 i z e s th e in-or de r , 1 eng t h , and po s i t i on 

pointers subrouti nes and t he algorithm for the procedure i s 

documented be l ow. Fi gu r e 18 further documents the balance 

algor i thrn by p resent i ng t h e step by step calculations 

peformed when t he i n dex give n in figure 17 (a) is balanced to 

prod uce the str u c t u r e prese nted in figure 17 (b) • 

STEP 1 : Traverse t h e tree s t r ucture in left-node-right order 
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STEP 1: Tr a v e rse the tree structure in left-node-right order 

an d store the row n umbers in a vector ODR. 

STEP 2: Ca lculate the maximum length of the largest full 

b alanced tree that ca.n be created \•iith the 

given nodes. The ~aximum full balanced tree 

size, number of elements, will be a positive 

integral pov1er of two min us one. 

STSP 3 : Dete r mine the nurnbe r of elements to tenpor ar i ly 

d elete from the ODR vector, ·store tl;e first 

odd elements in a vector 0!1IT and pack ODR. 

STEP 4 : Cre a t e a full balanced tree by inserting appropriate 

pointers ir1to the structure. 

STEP 4 a : Se t th e 1 eft and right pointers of all odd numbered 

node s to zero. That is nodes 

ODR (l) ,ODR(3) , ••••• ,ODR(2i-l) left and right 

po i n t e ~ s ar e s e t to z e r o • 

TEP .b : Place poi n t ers in the index matrix in a number of 

passes as outlined below. 

P SS 1. - n = 2 . 

- le.ct pointe r of node ODP. (n) = node ODR(n-1). 

- righ t pointer of node ODR (n) = node ODR(n+l). 

- n = n + 4 . 

- r epeat un til n is gr e ater than the length 
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of packed ODR. 

Pl\ S S 2 • - n = 4 • 

-left pointer of node ODR(n) = node ODR(n-2). 

-right pointer of node ODR(n) = node ODH(n+2). 

- n = n + 8. 

-repeat u;,til n is greater than the length of 

of pa c k ed ODR. 

PAS S I: v.'here 2 to the po\ver I is less than the length 

of packed ODR. 

-n = 2 to the f.OvTer I. 

- R = n + 1. 

-left p-Jinter of nocJe ODR(n) =node n- 2"' (i-1). 

-right pointer of node ODR(n) = node n + 2 "' ( i+l). 

- n = n + 2 to the power K. 

- r e pea t un t i 1 n i s g r e a t e r than the 1 eng t h of 

packed ODR . 

S~E? 5 : Place the omi ted nod es into the tree by extending 

t he lower left nodes. 

- • e f ._ po i n t e r of no de 0 DP ( l) = no c1 e om it ( 1) 

- r.:. g h t po i n t e r of node 0 DR ( 1) = no c1 e 0 HI '1.1 
( 2 ) • 

- left po i nte r of node ODR(2) =nod e Oi1IT(3). 

- continue until all noaes deleted in step 3 are 

inse rted . 
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STEP 6: Set both left and right pointers of the inserted 

nodes to zero. 

STEP 7: Define the root node. The root node \vill be node 

ODR ( k) , Hhere k = (length of packed ODR + 1) 

di video by two. 

3. 3 THE SYS'l'E£·1 PROGPANS 

The eight programs of the student information system 

are documented in this section Vlith all subroutines 

documented in section 3 • 4 • Figure 14 outlines the 

information system in terms of the programs accessed by the 

system and figure 19 gives a description of the fundamental 

variables used in the system software. 

3.3 .1 PROGRAI·1 SYSTEr·l r-1ENU: This program, listed in appendix 

A, controls the system software. The menu, 

\:lh ich consists of the system programs, 

appears on the screen \·Jhen the system is 

booted and the user selects which progrgrn to 
_/./ 

execute. 

3 • .J . 2 P ,QG RAl! IHITIALIZE FILES: This program, listed in 

appendix B, initializes t_1 e r andor.1 access 

files as outlined in figures 11, 12, and 13. 

All fields are set equal to zero to allo\·J 

for error processing. The index files are 
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opened and the first three fields of each 

inde ;~ file are set to zero. These fields 

contain the root node of the binary index, 

the number of elements in the index, and the 

number of elements in the index contained 

\t7hen is was 1 ast balanced. 

3. 3 .3 P ROG RArl BU ILD SCHEDULES: This program, listed in 

a ppendix C, builds the student and teacher 

schedule files. The program accepts the 

schedules from the user, enters the key 

element into the appropriate index, and 

writes the schedule to the correct file and 

record. The class index is also maintained 

b y this program and the class information 

file is updated as a give!'l teacher or 

s t u de n t is added to the data base. Figure 

20 gives the structural design of the build 

s che du les program. 

3 . 3 . 4 PROGRA • P.ETR I EVE SCHEDUL ES: Ti1i s prograr-1, out l ine c1 i n 

f igu r e 20 and listed in append ix D, allo\,7S 

th e use r to print one student's sc hedule, 

one t ea cher's schedule, all student 

s c hedules , or 21 1 teacher schedules. I f th e 

use r c ho oses to p rint c:l ll schedules t .:1 e 
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schedules will be produced in order of 

increasing student or teacher number. 

3~3.5 PROGRAr.~ OPDATE: This prograM allo-v1s the user to nake 

changes in the student schedules, student • s 

grades and teacher comments, teacher 

schedules, or room numbers. The design, by 

subroutines, is outlined in figure 22 and 

the program 1 i st in g is given in appendix E. 

3.3.6 PROGRAM E lTER GRADES: This program asks the user if 

end of semester or mid-semester grades and 

comments are to be . entered, produces class 

lists, inputs the grades and comments, and 

writes the student grades and conments to 

the student schedule file. Figure 23 gives 

the structural design of this program and a 

program listing of the enter grades program 

is given in appendix F. 

3 . 3 .7 PROG HATt PRifJT GH.li..DES: A program 'vThich prints either 

the mid-semeste r or the end of semester 

g rade reports. The progran v·1ill produce 

g r ade reports for an individua l student, or 

all grade reports vTill be produced in orc1er 

of increasing student number. The 

struc tu r a l design of the print grades 
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program is given in figure 24 and a listing 

of the program is included in appendix G. 

3.3.8 PROGHAI-1 RETRIEVE CLl1.SS LISTS: This prograr.1 allo\1,7S the 

user to retrieve class lists. The user can 

access lists for one class, all classes for 

one teacher, or all classes that exist 

v-:ithin the data base. Figure 25 gives the 

structural design of this program and the 

program listing is given in appendix H. 

3. 4 SUBROUTINE DOCUl·1ENTATION 

The various subroutines accessed by the programs of the 

student infor mation system are documented in terms of the 

func tion performed by each subroutine. The subroutines are 

standard in design and the docu~entation given presents an 

overvie\·· of the purpose of the subroutine rather than a 

de~ailed descri pti on of the algorithms enployed. 

3 . 4 .1 SUBROUT:LNE RElill TEACHER It DEX: A subroutine \llhich 

r eads the teach er index from the sequential 

teache r inde .: file and interr;ally stores tbe 

ind ex as t h e TINDX array. 
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3. 4 .2 SUBROUTINE READ STUDENT INDEX: A subroutine which 

reads the student index from the sequential 

student index file and stores the index 

internally as the SNDX array. 

3. 4 .3 SUBROUTINE REl\.D CLASS INDEX: A subroutine \'lhich reads 

the class index from the sequential class 

index file and internally stores the index 

in the CINDX array. 

3. 4. 4 SUBROUTINE C3AlJGE SCHEDULE: This subroutine allows 

the user to make changes in the schedule 

during the input process. This subroutine 

calls the display schedule, change number, 

and change classes subroutines. 

3.4.5 SUBROUTINE DISPLAY SCHEDULE: This subroutine is 

called by the change schedule subroutine and 

displays the cur rent teacher or student 

schedule. 

3 . 4 . 6 SUBROUTINE CHANGE !-JUHBER: This subroutine allo\·7 S the 

use r to cor~ect the teacher or student 

numbe r before t he number is stored in t he 

appropriate file. 

3 . 4 . 7 SU ?OU T- HE CHA!, GE CLASSES : This subroutine allows the 

user to change the classes, by period, in 

the s c hedule before it is stored in the 
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appropriate file. 

3.4.8 SUBROUTINE FIND STUDENT RECORD: 'rhis subroutine 

searches the student index and inserts the 

given student into the student index 

structure:. The corresponding record number 

student schedule file is also of the 

recorded in the index. 

3. 4. 9 SUBROUTINE T'lRITE STUDENT SCHEDULE: A subroutine that 

writes the given student's schedi.lle to the 

appropriate record of the student schedule 

file. 

3.4.10 SUBROUTilJE UPDATE CLASS INDEX: This subroutine 

searches the class index and returns the 

cor responding record number of the class 

information file if a given course exists in 

the index. If the course does not exist the 

class is added to the in de:>-: and the course 

and period numbers are printed to the 

appropriate record of the class information 

file. 

3 . 4 . 11 SUBROUTI JE REVI SE CLASS I NFO {STUDEHT): A subroutine 

1hi c h increments the class s~ze and adds the 

g iven student to the class list. 

3 . _. 2 S ,QUTI .JE REVISE CLASS ItJFO (TEI\Cf ER): A subroutir;e 



41 

\vhi ch adds the given teacher to the 

appropriate record of the class information 

file. 

3. 4 .13 SUBROUTINE EXIT: This subroutine controls the exit 

process. All index structures are balanced 

if more than five elements have been added 

to t.he index since it tvas last balanced. 

3. 4.14 SUBROUTINE BALANCE INDEX: This subroutine controls 

the balance procedure as outlined in section 

3. 2 of this chapter by calling the in order, 

length, and the position pointers 

sub r out i ne s • 

3.4.15 SUBROUTI YE IN-ORDER: l). subroutine to traverse the 

binary tree 

(left-node-right) 

vector ODR. 

index 

order and 

The vector 

structure in 

produce the 

ODR contains 

pointers to the node elements of the inc1e;{ 

tr e e to 

increa sing 

numbers. 

all 0\·1 processing in order of 

s t udent, teacher, or course 

3.4. 16 SUB OUT! JE POSITION POINTERS: This subroutine uses 

t h e ODR vector formulated by the in-order 

s ub~ outine to build a balanced tree 

s t r uct ur e . This subroutine uses t h e 
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algorithm presented in section 3.2. 

3. 4.17 SUBROUTI~JE LENGTH: This subroutine calculates the 

size of the largest balanced tree that can 

be constructed. 

3.4.1 8 SLBROU'riHE v·lRITE TEACHER IHDEX: This subroutine 

writes the teacher index to the tea.cher 

index file. 

3.4.19 SUBROUTINE t··1 RITE CLhSS INDEX: This subroutine vlrites 

the teacher index to the class index file. 

3.4.20 SUBROUTINE HRITE STUDENT INDEX: This subroutine 

writes the student index to the student 

index file. 

3. 4 • 21 SUB POUT I NE RETRIEVE STu DENT SCHEDULE ( OIJE STUDENT) : 

This subroutine reads the student schedule 

for a given student 

schedule £ il e. 

3. 4 . 22 SUBROU~INE Fir D CL/~SS RECORD: A 

f ron the student 

subroutine vlhich 

sear c hes the class index and retu::-ns the 

cor responding record nunber of tr e class 

informati on file. 

3. 4 . 3 S BROUTI 1. E READ TEACHER- ROOl·i !JUr1BERS: A subroutine 

hich reads the teacher and room number from 

the appropriate record of the class 

information file. 
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3.4.24 SUBROUTINE PRINT STUDENT SCHEDULE: A subroutine to 

display the student schedule for a given 

student. The teacher and room numbers are 

also displayed. 

3.4.25 SUBROUTINE RETRIEVE TEACHER SCEEDULE (ONE TEACHER): 

This subroutine reads 

for a given teacher 

schedule file. 

the teacher schedule 

from the teacher 

3. 4 .26 SUBROUTINE RETRIEVE STUDENT SCHEDULES: A subroutine 

to control the processing of all student 

schedules. The subroutine first calls 

subroutine in order and then processes each 

student's schedule by reading the schedule 

and calling the find class record, read 

teacher-room numbers, and print student 

schedule subroutines. 

3.4.27 SUBROUTI 1E RETRIEVE TEACHER SCHEDULES: A subroutine 

to control the processing of all teacher 

schedules. The subroutine calls subroutine 

in-order to produce a list of all teachers 

in order of increasing teacher number. The 

class schedule for each teacher is then 

processed by calling subroutines reac1 

teacher schedule , re ad teacher-room numbers, 
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and print teacher schedule. 

3. 4.2 8 SUBROUTINE PUSH STACK: This subroutine is used by 

subroutine in-order. The cur rent node and a 

direction (D = 1 represents a left pointer 

and D = 2 represents a right pointer) are 

pushed onto the stack. 

3. 4. 2 9 SUBROUTINE POP STACK: This subroutine returns the 

node and direction from the top of the 

sta.ck. 

3.4.30 SUBROUTINE PRIN~ TEACHER SCHEDULE: A subroutine to 

print the teacher schedule and room numbers 

for a given teacher. 

3. ~ .31 SUBROUTINE BYTE POINTERS HID-SENESTER: A subroutine 

to set Bl and B2 to ten and thirteen 

respectively to access to the 

mid-semester grades and conrnents. 

3.4 .32 SUB ROUT!IJ:S BYTE POINTERS FINIAL: A subroutine to set 

Bl and E2 to fifteen and eighteen 

respectively to allow access to the encJ of 

semester grades and conments. 

3 . _ . 33 S BROUTil E FI D TEACHER RECORD: subroutine to 

sea rch the teache r index for a given teacher 

and return the record number of the teacher 

schedule file whe re the teacher's sched~le 
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is stored. 

3. 4.3 4 SUBROUTI ~-;E READ TEACHER SCHEDULE: A subroutine vlhich 

reads a teacher • s schedule from the teacher 

schedule file. 

3.4.35 SUBROUTINE READ CLASS LIST: This subroutine reads the 

class list of a g-iven class. The student 

numbers of all students enrolled in the 

class are stored as the vector LST. 

3. 4 . 36 SUB ,QU TI NE I NPU~ JI.J1D WRITE GP .... l\DES: This subroutine 

inputs student grades and cor.tments and 

wr ites the grades and comments to the 

student schedule file. 

3 . _ . 37 SUBROUTII~E UPDATE STUDENT SCHEDULE: This subroutine 

upda tes the student schedule stored on the 

studen t schedule file and corrects the 

cor responding class size and class lists in 

t1e class information file. 

3. 4 . 3 8 SUBROUTI -JE : rss n G PEP.SON: This subroutine displays a 

message that t he required teacher, or 

student , i s not currently defined in the 

d ta base . 



3.4.39 SUBROUTINE UPDATE TEACHER SCHEDULE: This 

updates the teacher's schedule 
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subroutine 

in the 

teacher schedule file and adds the teacher 

number to appropriate record of the class 

infor~ation file. 

3. 4 . 40 SUBROUTINE UPDATE GRADES: A subroutine to find the 

record number of the student schedule file 

for a given stuclent, display the current 

grades , input corrected grades and conrnents, 

and store the corrected grades and comments 

in the student schedule file • 

.,., • 4 . 41 SU ROUTI E SE T BYTE PO INTERS: Bl, B2, B3, and B4 are 

set to ten, thirteen, fifteen, and 

respectively t o all O\v access 

eighteen 

to the 

r. id-semester and end of semester grades and 

comrnen ts. 

3 • . • 42 St:BRO TI E PRINT GRPJ)ES (ONE STUDEt·JT) : A subroutine 

3 . • 43 

to control inputing and processing of the 

g raoes fo r an individua l student. The 

subroutine calls subroutines find student 

record , read grades, anc1 returns control to 

t h e program me nu. 

B OUTI , E • EAD GPJ' .. DES : A subroutine to read the 

s tudent s c hedu le and e .. ~ isting grades from 
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t he student schedule file. 

3 . 4 . 4t1 SUBROU T I NE PRI NT HID-SEt-lESTER GR..~DES: A subroutine 

to print the schedule, teacher numbers, room 

numbers, and mid-semester grades. 

3 . 4. 45 SUBROUTINE P R I N'T FIHIAL GRP ... DES: A subroutine to p:r int 

the s t udent schedule, teacher number, roon 

number, and end of semester grades and 

comm ents. 

3. 4 . 46 SUBROUTI NE I NP UT CLASS NUHBER: A subroutine \llhi ch 

input s a class number and searches the class 

i n d e x to find the record number of the class 

i nformation file corresponding to the given 

cla s s. 

3 . 4 . 47 S UDROUTINE READ CLASS DATA: A subroutine to read the 

c lass n umb e r , teacher number, period number, 

c l ass si ze, and class list from the class 

in f o r ~ ation file. 

3 . 4 . 4 8 SU B?-OUTI 1E PRIIT CLl\.SS LIST: A subrout i ne to display 

t e teache r n u mber, period n umber, r o om 

numbe r, class size , an d the stu dent number s 

0 f c. _l s tu d e n t s cur r en t 1 y en r o 11 e d i n a 

given class . 

3 •• 9 S ~OUTI JE PROCESS LISTS BY TEACHER : A subrouti ne 

v hi c h inputs a tea cher numbe r, f i nds t he 
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cor responding record number of the teact:er 

schedule file, and reads the teacher 

sc h edule fron the file. This subroutine 

th en calls the find class record, read class 

r ecor d , r ea d c2.ass data, and }? rint cl2s s 

1 i st sub r ou tines for each class. 

3 . 4 . 50 SUBROUTi dE PROCESS ALL CLASS LISTS: A subroutine to 

3 . • 51 s 

3 •• s 

?rint a ll class lists. The subroutine calls 

s ub routine in-order to produce 2. list of all 

teache rs i n o r der of increasing teacher 

number. The subroutine then reads each 

t ea c her's schedule and calls sub r outines 

find class record, read cla.ss record, read 

class da ta, and print class 1 ists for all 

c lasses de f ine d in t he data base. 

,QUTI JE CE A "TGE CLASS I NDE X : A subroutine to copy 

t~e CI UDX ar r ay into the I UDX array to 

e 1a ble the balance routine to balance the 

c 1 a s s i n de}~ s t r u c t u r e • 

ROCT I"' ~ E PRIJ.1T GRADES ( ALL STUDEN'rS): A subrouti ne 

to contro l th e p r oces s ing of e.ll student 

grac.es . The sub routine fir s t c al l s 

sub :out ine in- o r de r t o prod uce a li s t of a ll 

students in orce r of incr eas i ng s t udent 
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number. Subroutines read student srades and 

print student grades are then called for all 

students contained in the data base. 

3. 4. 53 SUBROUTII·JE UPDATE ROOI-1 NUi,!BERS: A subroutine that 

inputs a class number, finds the existing 

room number, inputs a netvJ room number and 

upd2tes the class infornation file. 



Program 
SYSTEM MENU 

programs 

-Initialize files 

-Build Schedules 

-Retrieve Schedules 

-Retrieve Class Lists 

-Enter Grades 

-Print Grades 

-Update 

Fig re 4 : Progr a ms of the Student Information System 
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\ 

~ 
15-a Class-Index as a binary tree 

Left Class Right Record 
p o i nt e r Number Pointer Number 

4 311 2 0 
8 412 3 1 -
0 512 6 2 
0 l12 5 3 
7 215 9 4 
0 614 0 5 
0 1 22 0 6 
9 411 0 7 
0 312 0 8 ..l 

15 - b Class-I n dex a s an Array 

Figu r e 15 : Index Str uct ure as a Binary Tree and an Array 



10 REM PROCEDURE TO SEARCH BINk~Y TREE INDEX 
20 PT = SP 
30 IF PT = 0 THEN GOTO 110 
40 IF NU!-113 < INDEX ( PT, 2) THEN IK :: 1 
50 IF NUMB > INDEX ( PT, 2) THEN IK = 3 
6 0 IF NUMB = INDEX ( PT, 2) THEN GOTO 90 
7 0 PT = INDEX ( PT , I K) 
80 GOTO 30 
90 REC = INDEX ( PT , 4 ) 
100 GOTO 120 
110 PRINT "CLASS IS NOT IN THE INDEX" 
120 RETURN 

Line 20 Initializes the pointer PT to SP,the root of 
node of the index tree. 

Line 3 0 Tests to de terrnine if the cur rent node is a 
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term ina 1 node of the tree. If the cur rent node is a 
term ina 1 node NUHB is not contained in the index. 

Line 40 If NUMB is less than the cur rent node set IK, 
a temporary pointer, to 1. 

Line 50 If ~l.JMB is greater than the current node set 
t he temporary pointer to 3. 

Line 60 If NUMB is equal to the current node the 
record h as been found. 

Line 7 0 ave do wn ~he tree by setting the pointer PT equal 
to the left or right pointer as determined above. 

Line 80 Repeat until NUMB is located or a terminal node 
is located . 

Figure 16: Basi c code for searching an index structure 
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17 -a Unbalanced Binary Tree Structure 

17 - b Balance d Bi nary Tree Structure 

1igure 17: Binary Tree Structures 



Step 1: Traverse in order and create the ODR vector: 
ODR ( 3 , 2 , 1 , 4 , 5 , 6 , 7 , 8 , 9) 

Step 2: Calculate the maximum length of the full tree. 
LF = 7 = ( 2 A 3 - 1 ) 

Step 3: Determine the number of elements of delete. 
ND = 2 = (length of index - length of full tree) 

Create the OMIT vector and pack ODR. 
OMIT ( 1) = ODR ( 1) = 3 
OMIT ( 2) = ODR ( 3) = 1 
Pack ODR. 
ODR ( 2 , 4 , 5 , 6 , 7 , 8 , 9 ) 

Step 4a: Set all odd pointers to zero. 

Step 4b: 
pass 1: 

pass 2: 

Step 5: 

Step 6: 

S t ep 7 : 

INDEX(ODR(I) ,1) = INDEX(ODR(I) ,3) = 0; I odd. 

Position pointers in following passes: 
INDEX ( ODR( 2) ,1) = ODR( 1) ••• INDEX( 4 ,1) = 2 
INDEX(ODR(2) ,3) = ODR(3) ••• INDEX(4,3) = 5 
I NDEX ( ODR(6) ,1) = ODR(S) ••• INDEX(8,1) = 7 
I NDEX ( ODR ( 6) , 3) = ODR ( 7) ••• INDEX ( 8, 3) = 9 
INDEX ( ODR(4),1) = ODR(2) ••• INDEX(6,1) = 4 
I NDEX(ODR(4) ,3) = ODR(6) ••• INDEX(6,3) = 8 
Place omit ted nodes in to the tree. 
INDEX ( ODR(l) ,1) = OMIT(l) ••• INDEX(2,1) = 3 
INDEX ( ODR ( 1) , 3) = OMIT ( 2) ••• INDEX ( 2, 3) = 1 
Set pointers of the inserted nodes to zero. 
INDEX ( OMIT ( 1) , 1) = 0 ••••••• INDEX ( 3,1) = 0 
I NDEX( OMIT(l) ,1) = 0 ••••••• INDEX(3,3) = 0 
INDE X (O MI T (2) ,2) = 0 ••••••• INDEX(l,1) = 0 
INDE X(OMIT(2) ,3) = 0 ••••••• INDEX(1,3) = 0 
Defin e the root node: 
Root node = ODR( (7 + 1) / 2) = ODR( 4) = 6 

nbal a nced index. Balanced index. 

2 41 2 4 0 0 412 0 0 
0 312 3 1 2 312 1 

, 
.l. 

0 311 0 2 0 311 0 2 

0 512 5 3 2 512 5 3 

0 611 6 4 0 611 0 4 

0 612 7 5 4 612 8 5 

c 613 8 6 0 613 0 6 

0 614 9 7 7 614 9 7 

615 0 8 0 615 0 8 

Figure 18: Balance Routine 
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Variable 

INDX(500,4) 

STACK(256,2) 

Or·IIT ( 256) 

ODR ( 256) 

SCHD (7) 

CIND~(l 5 0,4) 

S NDX ( 500 ,4) 

T I -~DX (50, 4) 

CREC(7) 

TCH ( 7) 

G lT ( 7) 

GF (7 ) 

Ct· T ( 7 ) 

CF ( 7 ) 

I FO ( 5 ) 

LST(35) 

GDE ( 3 5) 

co 1 ( 3 5) 

Figure 

Description 

Array to internally store the student 
index structure. 

Array used as a stack by the in-order 
subroutine. 

Vector to temper ar ily store nodes 
deleted in the balance procedure. 

Vector to store the pointers to the 
nodes in increasing order. 

Vector to internally store the 
student or teacher schedule. 

Array to internally store the class 
index structure. 

Array to internally store the student 
index structure. 

Array to internally store the 
teacher index structure. 

Vector to store the record numbers 
of the class information file. 

Vector to store the teacher schedule. 

Vector to store the mid~semester 
grades. 

Vector to store the end of senester 
grades. 

Vector to store the mid-semester 
teacher conments. 

Vector to store the end of semester 
commer~ ts. 

Vector to store class information: 
course number, teacher, period number 
room number, and class size. 

Ve ctor to store class lists. 

Vector to store grades for a class. 

Ve ctor to store comments for a class. 

19: Va ri a ble Documentation 
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Program Subroutines 

BUILD SCHEDULES: -Read Student Index ( 3. 4 .2) 
-Read Teacher Index (3.4.1) 
-Read Class Index (3.4.3) 
-Change Schedule (3 .4 .4) 

-Display Schedule 
(3.4.5) 

-Change Number ( 3. 4 .6) 
-Display Schedule 

(3.4.5) 
-Change Classes ( 3. 4. 7) 

-Display Schedule 
(3.4 .. 5) 

-Find Student Record ( 3 .. 4 .8) 

-Write Student Schedule (3.4.9) 

-Update Class Index 
(3.4.10) 
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-Revise Class Info(student) 
(3.4.11) 

-Write Teacher Schedule (3.4.30) 
-Update Class Index 

. (3.4.10) 
-Revise Class Info(teacher) 

(3.4.12) 
-Balance Index ( 3. 4 .14) 

-In-Order (3.4.15) 
-push stack ( 3 • 4 • 2 8) 
-Pop Stack ( 3 • 4 • 2 9) 

-Length (3.4.17) 

-Position Pointers 
(3.4.16) 

- Write Class Index (3.4.19) 

- Write Teacher Index 

- Wr ite Student Index 

(3.4.18} 

(3.4.20) 

-Change Class Index 
(3.4.19) 

igure 20: Program Build Schedules (Structure) 



Program: Subroutines 
Retrieve Schedules: 

-Read Student Index (3.4.2) 
-Read Teacher Index ( 3. 4 .1) 
-Read Class Index ( 3. 4 .3) 

-Retrieve Student Schedule 
(one student) (3.4.21) 

-Find Class Record (3.4.22) 

-Read Teacher/Room number 
(3.4.23) 

-Print Student Schedule 
(3.4 .24) 

-Retrieve Teacher Schedule 
(one teacher) ( 3. 4 .25) 

-Find Class Record (3.4.22) 

-Read Teacher I Room number 
(3.4.23) 

-Print Teacher Schedule 
{3.4.30) 

-Retrieve Student Schedules 
( 3. 4 • 26) 

-In Order (3.4.15) 
-Push Stack 
-Pop Stack 

-Find Class Record 

(3.4.28) 
(3.4 .29) 
(3.4.22) 

-Read Teacher/Room number 
(3.4.23) 

-Print Student Schedule 

-Retrieve Teacher Schedules. 
(2.4.27) 

-In Order (3.8.15) 
-Push Stack 
-Pop Stack 

-Find Class Record 

(3.4 .24) 

{3.4 .28) 
{3.4.29) 
{3.4.22) 

-Print Teacher Schedule 
(3.4.30) 

Figure 21: Program Re trieve Schedules (Structure) 
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Program: 

Update 

Subroutines 

-Read Student Index (3 .4 .2) 

-Read Class Index (3.4.3) 

-Read Teacher Index (3.4.1) 

-Update Student Schedule 
(3.4.37) 

-Missing Per son 
( 3. 4. 3 8) 

-Find Class Record 
(3.4.22) 

-Update Teacher Schedule 
(3.4.39) 

-Missing Per son 
( 3 • 4 • 3 8) 

-Find Class Record 
(3.4.22) 

-Update Grades (3.4.40) 

-0 pd ate Room n urnb e r s ( 3 • 4 • 53) 

Figure 22: Program Update (Structure) 
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Program 

Enter Grades: 

Subroutines 

-Read Teacher Index 

-Read Class Index 

-Read Student Index 

(3.4.1) 

(3.4.3) 

(3.4.2) 

-Byte Pointers mid-semester 
(3.4.31) 

-Byte Pointers finial (3.4.32) 

-Find Teacher Record (3.4.33) 

- Read Teacher Schedule (3.4.34) 

-Find Class Record (3.4.42) 

- Find Student Records (3.4.8) 

- I nput and write grades 
(3.4.36 ) 

Figure 23: P rogram Enter Grades (Structure) 
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Progr am 

Pri n t Grades: 

Subroutines 

-Read Student Index (3.4.2) 

-Read Class Index ("3 .4 .3) 

-Set Byte Pointers (3.4.41) 

-Print Grades (one student) 
(3.4.42) 
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-Find Student record (3.4.8) 

-Print mid-semester grades 
(3.4.44) 

-Print finial grades (3.4.45) 

-Print grades (all 

-In Order 

students) 
(3.4.52) 

(3.4.15) 
-Push Stack 
-Pop Stack 

-Read Grades 

(3.4.28) 
(3.4.29) 

(3.4.43) 

-Print mid-semester grades 
{3.4.44) 

- P r i n t f in i a 1 g r a des ( 3 • 4 • 4 5 ) 

Figure 2 4: Program Retr i eve Grades (Structure) 



Program 

Retrieve Class Lists: 

Subroutines 

-Read Teacher Index 

-Read Class Index 

-Input Class Number 

(3.4.1) 

(3.4.3) 

(3.4.46) 

-Find Class Record 
(3.4.22) 

-Read Class Data 
(3.4.47) 

-Print Class Lists 
(3.4.48) 

-Process All Class Lists 
(3.4.50) 

-In Order (3.4.15) 

-Push Stack 
(3.4.28) 

-Pop Stack 
(3.4.29) 

-Find Class Record 
(3.4.22) 

-Read Class Data 
(3.4.47) 

-Print Class List 
(3.4.48) 

Figur e 25: Prog ram Retri eve Class Lists (Structure) 
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CHAPTER lV 

CONCLUSION Al'JD REr·1ARKS 

The purfX) se of this study was to investigate the 

feasibi_ity of 'Jsing nicrocomputers to maintain a student 

info r mat ion SJSten to serve a small high school. The memory 

li itations, bo t h core and direct access, and the time 

required to retrieve inforrna tion r11here the primary concerns 

in t ' e syste 's design and i mplementation. To discuss the 

res lts of the study it is first necessary to discuss the 

specifications of the specific micro conputer used in the 

i p le entation of the system developed. The system 

de oped in th is study was i mpl ernented on an Apple II PLUS 

ic c co p t e r with 48K random access memory and . 1 ext:erna.J.. 

s or ge 1 he form of five and a quarter inch magnetic 

lo .. y dis ettos . The 48K RA!1 proved to be sufficient to 

e · .e he sys eftl sof t v1are and the maximum number of 

s the s stem can ma intain is dependent upon the 

s o r age i mi ta ti ons . To analysis the maximum 

of 

o . pu 

e 

e 5 .4 stem vle mus t first analysis the star age 

a f 1 oppy Ji ske t te vJhen initialized on an Apple 

r . 

pple ' 5 disk ope r c:1t ing system initializes a 
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diskette, the diskette is divided into thirty five tracks 

\vi th each track containing sixteen sectors. Each sector \vill 

store two hundred and fifty six bytes of data and four 

tracks are reserved to store the disk operating system and 

disk directory. This leaves thirty one tracks or four 

hundred and ninety six sectors available to the user to 

store software or data files. The number of sectors required 

to store a file is given in the catalog listing of the 

irectory of the diskette. The catalog 1 isting of the 

diskette which stores the system software for the system 

developed in this study is given in figure 26 and shows that 

a total of one hundred and seventy three sectors are 

required to s tore the system software. This leaves three 

hundred a nd twenty three sectors available to store the 

student sc he dule, teacher schedule, class information, and 

t e t . ree index files. Figure 27(a) gives the disk 

airectory when the six data files contain the data for three 

h dred students, fifty teachers, and one hundred and twenty 

c 1 as se s • A f i g u r e 2 7 ( a ) i 11 us t r ate s , th e s y stern de v e 1 oped 

i th.'.s study will mainta in a student information system for 

ree u dred students when implemented on an Apple II micro 

co ter with 4 8K RAt1 and a single disk drive. Further 

y is of the unused forty eight sectors on the disk imply 

t e s'-udent information system designed in this study 



64 

can accommodate a maximum of three hundred and fifty 

students \oJhen irnpl enented on a one disk drive Apple II PLUS 

micro computer configuration. 

The addition of a second disk drive greatly increases 

the c apacity of the system. If the system software is stored 

on diskette number one, operating in drive one, and the data 

files are stored on diskette number two, operating in drive 

t\'f'O, the maximum number of students increases to over five 

h ndred. Figure 27 (b) shows the catalog listing when the 

data files contain the data for five hundred students, fifty 

teachers, and one hundred and fifty courses. A total of 

three hundred and ninety six sectors are required to store 

the d ta files which leaves one hundred unused sectors. 

F rther an lysis of the available space indicates that a two 

disk d rive pple II PLUS with 48K RAr1 hardv1are 

c f'gurat'on , will ma intain a data base for six hundred and 

f · t st dents . An added advantage of using a dual disk 

three hun dred and t\-.,·ent.y three e sy s em is t at the · 

e ectors on diske tte number one could be utilized to 

o t e s t de nt and teacher name relations. 

hr h d re d and twenty three sectors represents 

p o . i a e y 82K bytes of storage. If each name is 

r r ·ct 0 
· rt characters , each record (number,name) 

req r · rt y seven bytes 1hen end of field and 
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record markers are included. Since the analysis above gives 

the maximum size of the system as six hundred and fifty 

students with sixty five teachers, the name relations tvould 

require a total of approximately 30K bytes. Thus diskette 

number one would accommodate the files required to store the 

na me relations. The addition of these relations \vould allow 

student schedules, teacher schedules, and student grade 

reports to be printed by name. 

Although the above analysis of the direct access 

s t orage capabilities of the Apple II indicate that a maximum 

of six hundred and fifty students could be maintained \'lith 

t h is system, problems do occur with the software. The 

system, as designed, will accommodate a maximum of five 

hundred st udents since the pr ograrn update files, listed in 

appen dix V, utilizes the complete 48K of random access 

memor y . The system, as presented in this study, would have 

to be s li gh tly mod ified to accommodate more than five 

hun d r ed students. 

In conc lusion, this investigation did find that the 

mic r ocompute r i s a v iabl e alternative for maintaining a 

small stand- alone da ta base. It is indeed feasible for a 

school , en r ol l ment a r ound five hundred students, to consi der 

· . plementing its stude nt in f ormation system on a dual d isk 

drive micro conpute r har dw ar e conf iguration9 The stu de r~t 
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information system presented in this study will maintain the 

data base required for five hundred students and slight 

modi£ ications of the system design would increase the 

maximum number of students to six hundred and fifty. This 

study further indicates that student and teacher name 

relations could be added to the system to allow for schedule 

and grade reports to be printed by teacher and student name. 

Fu rther modifications should be made to the system software 

be f ore it is i mplemented. The system contains all the 

information needed to assist in the scheduling process of a 

school. The system could easily be modified to allow student 

and teacher classes to be entered v7ithout regard to period. 

Th e s ystem could supply the period and room numbers and 

repor t sc hedule conflicts. 
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A 036 BUILD SCHEDULES 

A 020 RETRIEVE CLASS LISTS 

A 005 HENU 

A 026 RETRIEVE SCHEDULES 

A 020 ENTER GRADES 

A 024 PRINT GRADES 

A 036 UPDATE FILES 

A 006 INITIALIZE DATA FILES 

Total of 173 sectors required to store the system software. 

Figure 26: Storage requirement for the system software 
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T 025 STUDENT- INDEX 

T 005 TEACHER- INDEX 

T 008 CLASS- INDEX 

T 008 TEACHER- SCHEDULE 

T 106 CLASS-INFORMATION 

T 123 STUDENT- SCHEDULE 

27-a Files initialized for 300 students (275 sectors) 

T 033 STUDENT- INDEX 

T 005 TEACHER- INDEX 

T 010 CLASS-INDEX 

T 008 TEACHER- SCHEDULES 

T 134 CLASS- INFORMATION 

T 206 STUDE T-SCHEDULE 

27-b Files initialized for 500 students ( 396 sectors) 

Figure 27: Data files storage requirements 



APPENDIX A 

PROGRAr-1 SYSTEr,1 IvJ.ENU 

10 0 HO lE : PR I NT : PRI NT 
11 0 D $ = CE R $ { 4 ) 
1 2 0 PRi r--T TAB ( 7) "STUDENT I N FORHATIOtJ SYSTE~l" 
13 0 PRINT 
140 PR I NT TAB ( 15)"CREATED BY" 
150 PRINT 
160 PRINT TAB ( 13) "DOUG HAECHTER" 
17 0 PRINT PRI NT : P RINT 
1 80 PRINT " ME NU " 
1 90 PRI T • P R I NT 
200 PR I T " 1 ••••• BUILD SCHEDULES" 
210 PRINT " 2 ••••• RETRIEVE SCHEDULES" 
22 0 PRINT " 3 ••••• RETRIEVE CLASS LISTS" 
23 0 PRINT " 4 ••••• ENTER GRADES" 
240 PRINT " 5 ••••• PRINT GRADES 11 

2 5 0 PRINT " 6 ••••• UPDATE FILES" 
26 0 PRINT " 7 ••••• EXIT SYSTEX>l" 
270 PRI T : PRINT 
2 80 I PUT " EN'"ER THE NUMBER OF YOUR CHOICE ";ANS 
2 9 0 IF A 1 S < 1 0 R AN S > 7 THEN GOTO 1 0 0 
3 00 HOHE : PR I NT : PRI T 
310 PRI T TAB ( 13) "LOAD I NG PROGHAM" 
320 PRI T : PRI 1T 
330 PRI T TAB( 14) " PLE ASE H AIT" 
340 IF A S = 1 THEN PRI NT D$; "RON BUILD SCHEDULES" 
350 IF A S = 2 THEN PRIN T D$; "RUN RETRIEVE SCHEDULES" 
360 IF S = 3 THEN PRI NT D $ ; " RUN R.ETR!EVE CLASS LISTS" 
3 0 IF A S = 4 THE N PRI NT D$; "RU N ENTER GRADES" 
3 80 I F ·s = 5 T HE P RI NT D $ ; 11 RUN PRINT GRADES" 
3 90 IF A S = 6 THE PRIN T D $;"RUN UPDATE FILES" 

0 0 IF A S = 7 THEN GOTO 4 2 0 
0 Gomo 100 

20 HO tE 
3 0 E D 
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APPENDIX B 

PROGRAM INITIALIZE FILES 

100 REM PROGHAH TO INITIALIZE FILES. 
110 REM 
120 D$ = CHR$ ( 4) 
130 PRINT D$; "OPEN STUDENT- INDEX" 
140 PRINT DS; "WRITE STUDENT- INDEX" 
150 PRINT 0: PRINT 0: PRINT 0 
160 PRirrT D$; "OPE N TEACHER-INDEX" 
17 0 PRI NT D$; "HRITE TEACHER- INDEX" 
180 PRINT 0: PRINT 0: PRINT 0 
190 PRINT D$; "OPEN CLASS-Il~DEX" 
200 PRINT D$; ' \·7RI TE CLASS-INDEX" 
210 PRit'T 0: PRi t:. T 0: PRINT 0 
220 PRINT D$;"CLOSE" 
230 PRI NT D$; "OPEN TEACHER-SCHEDULE,L31" 
2 4 0 FOR I = 1 TO 6 5 
250 11 = I - 1 
260 PRINT D$;"WRITE TEACHER-SCHEDULE,R";Il;",BO 
27 0 PRI IT 0 
2 8 0 FOR K = 3 TO 2 7 STEP 4 
290 PRINT D$;"WRITE TEACHER-SCHEDULE,R";Il;",B";K 
300 PRi l'I' 0 
310 1EXT K 
320 NEXT I 
330 PRINT D$;"CLOSE" 
3 40 REH 
3 50 PRI 1T D$ ; "OPE N CLASS- INFO, L2 25" 
3 6 0 FOR I = 1 TO 15 0 
370 ""1 :: I - 1 
3 80 PRi l T D$; " ~·lRITE CLASS- INFO, R"; Il; ", BO" 
390 PRL T 0 
_ 0 PF..I ~. T D$ ;u~vRITE CLASS-INFO,R";I1;",B4" 
410 P I -T 0 
. 2 o P R r ~ T o s ; " ·~ n r T E c LAS s- r NF o , R" ; I 1 ; " , B 7 " 
4 : 0 PRI ·1T 0 

. 0 p - JT 0$ ; n 7RITE CLASS-I NFO,R";I1; ",B9" 
50 PP. I ~T 0 
60 PR I T D$ ; " ~·1 Ri mE CLASS-I NFO,R";I1; ,.,Bl2" 

· 70 PRLT 0 
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480 NEXT I 
490 PRINT D$;"CLOSE" 
500 D$ = CHR$ ( 4) 
510 PRINT D$; "OPEN STUDENT-SCHEDULE,L104" 
520 FOR I = 1 TO 500 
53 0 BYT = 0 
5 40 GOSUB 7 0 0 
55 0 FOR K = 1 TO 7 
56 0 BYT = 6 + 1 4 * ( K - 1 ) 
570 GOSUB 700 
5 8 0 BYT = 1 0 + 1 4 * ( K - 1 ) 
590 GOSUB 7 0 0 
6 0 0 B YT = 13 + 1 4 * ( K - 1 ) 
610 GOSUB 7 0 0 
6 2 0 BYT = 15 + 14 * ( K - 1) 
630 GOSUB 700 
6 4 0 B YT = 1 8 + 14 * ( K - 1 ) 
6 50 GO SUB 7 0 0 
660 NEXT K 
670 NEXT I 
680 PRINT D$; "CLOSE STUDENT-SCHEDULE" 
690 END 
700 REM SUBROUTINE 
7 10 PRINT DS; "WRITE STUDENT-SCHEDULE,R";I - 1;",B";BYT 
7 20 PRINT 0 
730 RETURN 
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100 
110 
120 
130 
140 
150 
160 
17 0 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
2 80 
290 
300 
310 
320 
330 
3 40 
350 
360 
370 
3 80 

85 
390 
400 
410 

20 
430 

0 
4-o 
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APPENDIX C 

PROGRAr-1 BUILD SCHEDULES 

REr1 FROGPAH BUILD-SCHEDULES 
REH 
DI 1 I NDXS (50 0, 4) 
D I ~i STACK { 4 0 0 , 2 ) 
Dir1 o r-1IT ( 2 56) 
DIM ODR ( 500) 
Dil1 SCHD ( 7) 
DIM CI NDX{l50,4) 
D$ = CHR $ ( 4) 
HO IE : PRI ,1T : PRINT 
PRINT " THIS PROGRAH BUILDS BOTH" 
PRINT 
PRINT "THE STUDENT-SCHEDULE AND THE " 
PRINT : PRINT " THE TEACHER-SCHEDULE FILES." 
PRINT : PRINT : PRINT "ENTER THE NUHBER OF YOUR CHOICE" 
PRI 1T : PR I lT : PRINT 
PRI!T "1 •• FOR STUDENT-SCHEDULE •• " 
PRI IT : PRINT 
PRI T "2 •• FOR TEACHER-SCHEDULE •• " 
PRINT : PRINT INPUT AN S 
GOSUB 147 0 
IF A •JS = 1 THEN GOSUB 1190 
IF IS = 2 THEN GOSUB 1340 
IF A JS < > 1 AND P.NS < > 2 THEN GOTO 190 
IF A JS = 1 THE J N$ = "STUDENT" 
IF A 1 = 2 THEN N$ = "TEACHER" 
GOSUB 147 0 
HOlE : PRI T : PRINT 
PRI T "T HIS PROGRAM BUILDS THE ";N$; "-SCHEDULE"; 
PR I T " ArJD THE "; d $; "-ItJDEX FILES." 
PRI T : PRI T : PRINT 
PRI IT "YOU CAN TERHINATE THIS PROGRAN AT ANY" 
P r ·T 
PRI T 
PRI JT 
P .I 1T 

I T 

"T I ·lE AND THE DATA WILL BE SAVED" 
: P I T : PRI JT 
"S I ,PLY PRESS THE 'E' KEY AT THE PROHPT" 

PRI T : PRINT 
n 

p I : n <PRESS 'E' TO EXIT> 
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470 
4 80 
490 
500 
510 
520 
53 0 
540 
550 
560 
570 
580 
5 90 
600 
610 
620 
6 30 
640 
650 
660 
670 
6 80 
6 90 
700 
710 
720 
730 
740 
7 50 
760 
770 
7 80 
7 90 
800 
810 
820 
830 
840 
850 
86 
870 
880 
890 
90 
g · 
920 
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PRINT : PRINT : PRINT 
PRINT " PRESS THE RETURN KEY TO CONTINUE ":INPUT Z$ 
HOME : PRINT : PRINT : PRINT • PRINT • DRINT 
PRINT 'rENTER 1 E 1 TO EXIT • •• •: • ": PRINT ... 
INPUT "RETURN TO CONTINUE ••••• " ;A$ 
IF A$ = "E " THEN GOTO 7 2 0 
HOME 
PRINT PRINT : PRINT "ENTER THE "; N $; " NUMBER 
:NPUT STUNO 
PRINT PRINT "ENTER COURSES BY PERIOD :" 
PRINT 
FOR I = 1 TO 7 
PRINT : PRINT "PERIOD 
INPUT SCHD (I) 
NEXT I 
PRINT 

";I;" n • 
I 

PRINT "DO YOU WANT TO MAKE ANY CHANGES" 
INPUT " • • • • ENTER ( Y / N) • • • " ; Z $ 
IF Z$ = "Y" THEN GOSUB 2500 
NST = NST + 1 
GOSUB 90 0 
IF ANS = 1 THEN GOSUB 1040 
IF ANS = 2 THEN GOSUB 3510 
GOTO 4 90 
REM 
GOSUB 760 

" . I 

PRINT D$; " RUN r-1ENU, Dl" 
REM *************************************************** 
REM SUBROUTINE EXIT 
REM ****** ********************************************* 
PT = SS 
IF ANS = 1 AND NST - OBAL > 25 THEN GOSUB 3750 
IF ANS = 1 THEN GOSUB 3 96 0 
IF A S = 2 AND NST - OBAL > 10 THEN GOSUB 3750 
IF ANS == 2 THEN GOSUB 4080 
GOSUB 3 66 0 
FLAG = 1 
IF CLAS S - OCBAL > 5 THEN GOSUB 3750 

GOSUB 3850 
RET R 
REH ** * * * * * * * * * ******* ** * ************ *********** ** * **** 
.E SUBROUTINE FIND STUDENT-RECORD 
E * ************* ************************************ 

PT = SS 
F PT < > 0 THEN GOTO 940 

PT = 1 : SS == 1 



930 
940 
950 
960 
970 
9 80 
990 
100 0 
1010 
1020 
103 0 
1040 
1050 
106 0 
107 0 
1080 
10 90 
1100 
1110 
1120 
1130 
1140 
1150 
1160 
1170 
1180 
1190 

200 
1210 
1220 
1230 
12 0 
1250 
1260 
1270 
1280 
1290 
1300 
1310 
1320 
1330 
1340 
1350 
1360 

370 
13 80 
l.J 90 

GOTO 1010 
IF STNO < INDXS(PT,2) THEN IK = 1 
IF S TNO > I ND XS ( PT, 2 ) THEN IK = 3 
IF STNO = INDXS ( PT, 2) THEN RE'IURN 
LAST = PT 
PT = INDXS ( PT, IK) 
IF PT < > 0 THEN GOTO 940 

INDXS (LAST, IK) = NST 
INDXS ( NST, 2) = STNO 
INDXS(NST,4) = NST- 1 
RETURN 

74 

REM ************************************************** 
REM SUBROUTINE WRITE STUDENT-SCHEDULE 
REM ************************************************** 
PRINT D$; "OPEN STUDENT-SCHEDULE,Ll04" 
PRINT D$; "WRITE STUDENT-SCHEDULE,R" ;NST - 1 
PRINT STNO 
FOR I = 1 T O 7 
BYT = 6 + ( I - 1 ) * 14 
PRINT D$; " WRITE STUDENT-SCHEDULE,R";NST- 1;",B";BYT 
PRINT SCHD ( I) 
NEXT I 
PRINT D$; "CLOSE STUDENT-SCHEDULE" 
GOSOB 3 0 00 
RETURN 
REM ************************************************** 
REM SUBROUTINE READ STUDENT-INDEX 

EM ************************************************** 
REM 
PRINT D$ ; "OPEN STUDENT- INDEX" 
PRINT D$ ; "READ STUDENT- INDEX" 
I PUT NST: INPUT SS: INPOT OBAL 
IF NST = 0 THEN GOTO 1310 
FOR I = 1 TO NST 
FOR J = 1 TO 4 
I P T I DXS(I ,J) 

EXT J 
EXT I 

PRI T D$; "CLOSE STUDENT- INDEX" 
RETUR , 
RE ************* ******************~****************** 
RE SUBROUTINE READ TEACHER-INDEX 
RE ************** ************************************ 
PRI T D$ • OPE TEACHER- INDEX" 

' n PRI T D$ ; "READ TEACHER- INDEX 
I . PUT ST : I PUT SS: INPUT OBAL 
IF ST = 0 THE GOTO 14 40 



1400 
1410 
1420 
1430 
1440 
1450 
1460 
1470 
14 80 
1490 
1500 
1510 
1520 
1530 
1540 
1550 
1560 
1570 
1580 
1590 
1600 
1610 
1620 
1630 
16 40 
16 50 
1660 
1670 
16 80 
1690 
17 00 
1710 
17 20 
1730 
17 40 
17 50 
1760 
1770 
17 80 
17 90 
1800 
1810 
1820 
1830 
1840 
1850 
1860 

FOR I = 1 TO NST 
FOR J = 1 TO 4 
INPUT INDX (I, J) 
NEXT J : NEXT I 
PRINT D$; "CLOSE TEACHER-INDEX" 
RETURN 
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REM ************************************************** 
REM SUBROUTINE READ CLASS-INDEX 
REM ************************************************** 
PRINT D$; "OPEN CLASS-INDEX,D2" 
PRINT D$;"READ CLASS-INDEX" 
INPUT NCLAS S: INPUT S2 C: INPUT OCBAL 
IF NCLASS = 0 THEN GO'.rO 1580 
FOR I = 1 TO NCLASS 
FOR J = 1 TO 4 
INPUT CI NDX (I, J) 
NEXT J 
NEXT I 
PRINT D$;"CLOSE CLASS-INDEX" 
RETURN 
REM ************************************************** 
REM SUBROUTINE IN-ORDER 
REM ************************************************** 
PT = SS 
IF I NDX S ( PT , 1 ) < > 0 THEN GOTO 17 6 0 
LN = LN + 1 
ODR( LN) = PT 
D = 1 
GOSUB 1850 
D = 0 
PT = I NDX S ( PT , 3 ) 
IF PT < > 0 THEN GOTO 1640 
GOSUB 1920 
IF D = 3 THEN GOTO 1 81 0 
IF D = 1 THEN GOTO 17 2 0 
GO'fD 165 0 
D = 2 
GOSUB 1850 
D = 0 
PT = INDXS ( PT, 1) 
GOTO 164 0 
RETURN 
REM ************************************************** 
REM SUBROUTINE PUSH 
REM ********** **************************************** 
LST = LST + 1 
STACK(LST,1) = PT 



1870 
1880 
1890 
1900 
1910 
1920 
1930 
1940 
1950 
1960 
1970 
1980 
1990 
2000 
2010 
2020 
2030 
2040 
2050 
2060 
207 0 
2080 
2090 
2100 
2110 
2120 
2130 
2140 
2150 
2160 
2 7 0 
2180 
2 90 
2200 

0 
2220 
2230 
22 0 
22 ·-o 
2260 
22 0 
2280 

2 

2 
3 
3 

STACK ( LS T, 2 ) = D 
RETURN 
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REM ************************************************** 
SUBROUTINE POP 
REM ************************************************** 
IF LST = 0 THEN GOTO 197 0 
PT = STACK ( LST,l) 
D = STACK ( LST, 2) 
LST = LST - 1 · 
RETURN 
D = 3 
RETURN 
REM ************************************************** 
REM SUBROUTINE LENGTH 
REM ************************************************** 
Kl = 1 
IF 2 A K1 > LN THEN GOTO 2 050 
K 1 = K 1 + 1 : G OTO 2 0 3 0 
EX = K1 - 1 
LF = 2 "' EX - 1 
ND = LN - LF 
K2 = 0 
FOR K1 = 1 TO 500 STEP 2 
K2 = K2 + 1 
Olt1IT(K2) = ODR(K1) 
IF K2 = ND GOTO 2140 
NE T K1 
K 5 = 2 * ND 
FOR K 3 = 1 TO L N 
IF K3 > D THEN GOTO 2190 
ODR ( K3) = ODR ( 2 * K3) 
GOTO 2210 
K5 = K5 + 1 
ODR ( 3) = ODR ( K 5) 

XT K3 

RE R ************************************** HE.. *********** 
RE SOBROUTI ~E ENTER*-*P*O*~~;:~~~************************ *** * *-lr******** 

1 = 1 TO LF STEP 2 
X ( ODR ( 1) , 1) = 0 

-x ( 1) , 3) = o 

= 1 
p ss + 
2 ,. p s 
= TO LF STEP 2 "' KS 



2340 
2350 
2360 
2370 
23 80 
23 90 
2400 
2410 
2420 
243 0 
2440 
2450 
2460 
2470 
2480 
2 4 90 
2500 
2510 
2520 
2530 
2540 
2550 
2560 
2570 
2580 
2590 
26 0 0 
2610 
2615 
26 20 
2630 
2 6 40 
26 50 
2 6 60 
267 0 
26 80 
26 90 
270 0 
27 10 
272 0 
2730 
27 40 
2750 
2760 
2770 
27 80 
2790 

INDX ( ODR ( I) '1) = ODR ( I - 2 A (PASs - 1) ) 
INDX ( ODR (I) r 3) = ODR ( I + 2 A (PASS - 1) ) 
NEXT I 
PASS = PASS + 1 
IF 2 ""' PASS < LF THEN GOTO 2310 
KD = 1 
INDXS(ODR(KD) ,1) = OMIT(KD) 
INDXS(ODR{KD) ,3) = OMIT(KD + 1) 
KD = KD + 2 
IF KD < = ND THEN GOTO 2 400 
ss = ODR ( 2 A (EX - 1) ) 
FOR KZ = 1 TO ND 
INDXS(OMIT(KZ) ,1) = 0 
INDXS(OMIT(KZ) ,3) = 0 
NEXT KZ 
RETURN 
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REM ************************************************** 
REM SUBROUTINE CHANGE-SCHEDULE 
REM ************************************************** 
PR INT : PR !NT 
GOSUB 266 0 
PRINT "DO YOU WANT TO CHANGE THE" 
PRINT " ";N$;" NUMBER (Y/N)" 
INPUT H$ 
IF H $ = "Y" THEN GOSUB 2 890 
IF H$ = "N" THEN GOSUB 2800 
IF H$ < > "Y" Al~D H$ < > "N" THEN GOTO 2550 
PRINT PRINT "DO YOU WANT TO MAKE ANY MORE CHANGES" 
PRI NT" ";:INPUT " ( Y/N) ";H$ 
IF B $ = "Y " THEN G OTO 2 53 0 
I F H$ = " N " THEN RETURN 
I F B $ < > "Y" AND H $ < > "N" THEN G OTO 2 6 1 0 
GOTO 2610 
REM ************************************************** 
REM S UB ROUTINE DISPLAY SCHEDULE 
REM ************************************************** 
HOME 
PR I NT "S C HED ULE GIVEN IS: " 
PRI NT 
PRI NT " ";N$;" NUMBER ";STN 
PRI T 
PRI T "PE RIOD COURSE" 
FOR I = 1 TO 7 
PRI T 
PRI T I , S CHD ( I ) 

EXT I : P RINT 
RET R 



2795 
2800 
2810 
2820 
2830 
2840 
2845 
2850 
2 860 
2870 
2880 
2 890 
2900 
2910 
2920 
2930 
2940 
2950 
2960 
2970 
2980 
2 990 
3010 
3020 
3 030 
3 0 40 
3050 
3060 
307 0 
3 0 80 
30 90 
3100 
3110 
3 120 
31 3 0 
31 40 
3150 
3160 
3 70 
3180 
3 90 
3200 
32 0 
3220 
3230 
3240 
3250 
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REM 
REM ************************************************** 
REM SUBROUTINE CHANGE CLASSES 
REM ************************************************** 
GOSUB 26 60 
PRINT : PRINT 
PRINT "ENTER PERIOD NUMBER, COURSE NUMBER" 
INPUT J, COO 
SCHD ( J) = COUD 
GOSUB 26 6 0 
RETURN 
REM ************************************************** 
REM SUBROUTINE CHANGE-NUMBER 
REM ************************************************** 
HOME : PRINT : PRINT : PRINT : PRINT 
PRINT "OLD ", N$;" NUfvlBER IS: ";STU NO: PRINT 
PRINT : PRINT : PRINT : PRINT 
PRINT : PRINT : PRINT : PRINT 
PRI NT "ENTER NEW "; N $;"NUMBER "; 
INPUT STNO 
GOSOB 266 0 
RETURN 
REM ************************************************** 
REM SUBROUTINE UPDATE-CLASS- INFO 
REM ************************************************** 
PRI NT D$; "OPEN CLASS-INFO,L225" 
FOR J = 1 TO 7 
Pr = S2C 
IF PT < > 0 THEN 3110 
S2C = l:CSIZE = l 
PT = 1 
NCLASS = 1: GOTO 319 0 
IF SCE D ( J ) < C:i:NDX(PT,2) THEN IK = 1 
IF SCHD ( J ) > CINDX(PT,2) THEN IK = 3 
IF SCED ( J) = CI NDX ( PT, 2) THEN GOTO 3 26 0 
LAS T = Pr 
PT = C I D X ( PT , I K) 
IF PT < > 0 TH EN 3110 
NCL AS S = CL ASS + 1 
CI DX (LAST , I K ) = NCLASS 
CI DX (1 CLAS S,2 ) = SCHD(J) 
C DX ( JCLAS S, 4) = NCLAS S - 1 
PRI T D$ ; "WRI TE CLASS-INFO,R";NCLASS - 1 
PRI T SCHD ( J) 

CLASS-INFO,R",·NCLASS- 1,·",B7" P I T D$ ; " RI T E 
PRI T J 
PT = CLASS 



3260 
3270 
3280 
3290 
3300 
3310 
3320 
3330 
3340 
3350 
3360 
3370 
33 80 
3390 
3400 
341 0 
3420 
343 0 
3 440 
3450 
3460 
3470 
3480 
3490 
3 500 
3510 
3520 
3530 
3540 
3550 
3560 
3570 
3 580 
3590 
3 600 
3610 
3620 
3630 
3640 
3650 
3660 
36 0 
3680 
36 90 
3700 
3 10 
3720 

REC = CI NDX ( PT, 4) 
IF ANS = 1 THEN GOSUB 3320 
IF ANS = 2 THEN GOSUB 3450 
NEXT J 
PRINT D$;"CLOSE CLASS-INFO" 
RETURN 
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REM ************************************************** 
REM SUBROUTINE REVISE CLASS- INFO 
REM (STUDENT) 
REM ************************************************** 
PRINT D$; "READ CLASS-INFO,R";REC;",B12" 
INPUT CSIZE 
CSIZE = CSIZE + 1 
PRINT D$;"WRITE CLASS-INFO,R";REC;",B12" 
PRINT CSIZE 
BYT = 1 5 + ( C SIZE - 1) * 6 
PRINT D $; "WRITE CLASS- INFO, R"; REC; ", B"; BYT 
PRINT STNO 
RETURN 
REM ************************************************** 
REM SUBROUTINE REVISE CLASS-INFO (TEACHER) 
REM ************************************************** 
PRINT D$; "WRITE CLASS- INFO, R"; REC; ", B4" 
PRINT STNO 
RETURN 
REM ************************************************** 
REM SUBROUTINE WRITE TEACHER-SCHEUDLE 
REM ************************************************* 
PRINT D$; "OPEN TEACHER-SCHEDULE,L31" 
REM 
PRINT D$; "WRITE TEACHER-SCHEDULE, R"; NST - 1 
PRINT STNO 
FOR I = 1 TO 7 
BYT = 3 + ( I - 1) * 4 
PRINT D$; "WRITE TEACHER-SCHEDULE,R" ;NST - 1" ,B" ;BYT 
PRI NT SCHD (I) 

EXT I 
PRI T D$; "CLOSE TEACHER-SCHEDULE" 
GOSOB 3000 

ETOR 
REM ************************************************** 
REM SUBROUTINE CHANGE CLASS INDEX) 

EM ************************************************** 
FOR I = 1 TO CLASS 
FOR J = 1 TO 4 
I DX ( I , J) = CI DX ( I , J) 

EXT J : EXT I 



3730 
37 40 
37 so 
3760 
3770 
37 80 
3790 
3 800 
3 810 
3 820 
3 830 
3 840 
3850 
3860 
3870 
3880 
3890 
3 900 
3910 
3 920 
3930 
3 940 
3950 
3 960 
3970 
3980 
3990 
4000 
40 1 0 
4020 
4030 
4040 
4050 
40 60 
407 0 
40 80 

090 
4100 
4110 

20 
30 

140 
4 0 
4 60 

70 
80 

4190 

SS = S2C 
RETURN 
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REM ************************************************** 
REM SUBROUTINE BALANCE- INDEX 
REM ************************************************** 
GOSUB 1610 
GOSUB 2 000 
GOSUB 2240 
IF ANS = 1 OR ANS = 2 THEN OBAL = NST 
IF FLAG = 1 THEN OCBAL = NCLASS 
RETURN 
REM ************************************************** 
REM SUBROUTINE WRITE CLASS-INDEX 
REM ************************************************** 
PRINT D$; "OPEN CLASS- INDEX" 
PRINT D$;"WRITE CLASS-INDEX" 
PRINT NCLAS S: PRINT SS: PRINT OCBAL 
F OR I = 1 TO NCLASS 
FOR J = 1 TO 4 
PRINT INDX (I, J) 
NEXT J: NEXT I 
PRINT D$;"CLOSE CLASS-INDEX 
RETURN 
REM ************************************************** 
REM SUBROUTINE WRITE STUDENT-INDEX" 
REM ************************************************** 
PRINT D$; "OPEN STUDENT- INDEX" 
PR INT D$; "WRITE STUDENT- INDEX" 
PRI T NST : PRINT SS: PRINT OBAL 
FOR I = 1 TO NST 
FOR J = 1 TO 4 
PRINT INDX (I , J) 

EXT J: EXT I 
PRINT D$ ;"CLOSE STUDENT-INDEX" 
RETUR 
REM ************************************************** 
REM SUBROUTINE WRITE TEACHER-INDEX 
REM ************************************************** 
PRI T D$ ; "OPEN TEACHER- INDEX" 
PRINT D$ ; "WRI TE TEACHER-INDEX" 
PRI T ST : PRINT SS: PRINT OBAL 
FOR I = 1 TO N ST 
FO J = 1 TO 4 
PRI T I DX(I ,J) 
1 EXT J: EXT I 
PRI T D$; "CLOSE TEACHER-INDEX" 
RET R 



APPENDIX D 

PROGRAH RETRIEVE SCHEDULES LISTING 

45 RE!·I 

50 REl-1 PROGRAH RETRIEVE SCHEDULES 
52 REI1 
55 RE1·1 
60 DIM SNDX(500,4) 
6 5 D I 11 T I HD X ( 50 , 4 ) 
70 DI M CI NDX ( 150 ,4) 
7 5 D I l CRE C ( 7 ) 
80 DI 1 RN ( 7) 
85 DI ~1 TCH(/) 
0 0 DI M S CH C ( 7 ) 
95 Di l ODR(500) 
105 DI STACK(256,2) 
110 D$ = CHR$ (4) 
115 GOSOB 23 5 
120 GOSUB 295 
125 GOSUB 360 
13 0 BOHE : PRI NT : PRINT 
13 5 PRI '-JT " THIS PROGRAt·1 DIS PLAYS EITHER " 
140 PRI 1T : PRI 7T 
145 PRI T "1 ••••• STUDENT SCHEDULE .... 
150 PRI T : PRinT 
155 PRI ·JT "2 ••••• TEACHER SCHEDULE ••• 
160 PRI T : P I r1 T 
16 5 PRI T , 3 ••••• TO PRINT ALL STUDENT SCHEDULES" 
17 0 PR I T : PRINT 
17 5 PRI 1 T "4 ••••• TO PRINT ALL TEACHER SCHEDULES" 
180 PR I T : P I T 
1 85 PR I T " 5 ••••• TO END THE PROGRAM n 

190 PRI T : P R I .. T 
195 PRI T " E JTER THE NUt-lBER OF YOUR CHOICE •••• " 
2 00 PRI rn : PRI T : PRI JT : INPUT ANS 
2 05 IF lS = 1 THE 1 GOSUB 4 25 
2 0 IF S = 2 TH E!-7 GOSUB 56 0 
215 IF.· S = 3 T1E~ GOSUB 1080 

20 I F S = 4 T lEN GOSUB 1620 
2 2 5 IF S = 5 THE 1 G 0,..,0 2 3 3 
230 GO,.,O 130 
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233 
23 4 
235 
240 
242 
243 
245 
250 
255 
260 
26 5 
270 
27 5 
2 80 
2 85 
290 
293 
295 
300 
305 
310 
315 
320 
3 25 
33 0 
33 5 
3 40 
3 45 
3 50 
352 
353 
36 
365 
37 0 
37 5 
380 
3 85 
3 0 
3 95 

0 
OS 
10 
15 
20 
22 
25 

REH TERNINATE EXECUTI011 MlD RUN HENU PROGRAH 
PRINT D$; "RUN HE!JU, Dl" 
REr.I 

$ ;"CLOSE n 
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***** *** ****************************************** 
SU OUT! . E RETREIVE STUDENT 



426 
430 
435 
440 
445 
448 
450 
455 
460 
465 
470 
475 
480 
481 
482 
4 83 
485 
486 
487 

88 
490 
495 
50 0 
505 
510 
515 
520 
525 
53 0 
535 
5 0 
5 2 
54 4 
5 46 
5 4 8 
55 
555 
560 
565 
5 0 
5 5 
580 
5 2 

85 
90 

595 
0 
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RE!1 (ONE STUDNENT) 
RErj *** ** * * * ** ****** ** * * * *** ****** ************* *** ***** 
HOt·lE : PRINT : PRINT 
PRINT " Et1TER STUDENT NUHBER" 
PRINT : PRINT : IITPUT NU!-1B 
SNUHB = NUHB 
PT = SP 
IF PT = 0 THEN GOTO 4 81 
IF •1Uf·1B < SNDX ( PT, 2) THEn II\ = 1 
IF lLT;.!B > S t1DX ( PT, 2) THEN IK = 3 
IF ~UHB = SNDX(PT,2) THEN GOTO 488 
PT = SNDX ( PT, IK) 
GOTO 455 
PRINT : PRINT 
PR I T "STUD E1'1 'I' " ; NU r.lB 
PRINT : PRINT "IS NOT IN THE DATA BASE" 
PRI T : PRI NT 
INPUT "PRESS RETURN TO CONTINUE "; ZZ$ 
GOTO 5 50 
REC = S DX ( PT, 4) 
PRI T D$; "OPEN STUDENT-SCHEDULE,Ll04" 
FOR I = 1 TO 7 
BYT = 6 + ( I - 1) * 14 
PRI T D$;" R EAD STUDENT-SCHEDULE,R 11 ;REC;",B";BYT 
I PUT SCHD (I) 

EXT I 
P I T D$; "CLOSE" 
FOR = 1 TO 7 
C ru B = SCHD (r·l) 
PT = CP 
GOSUB 1 43 0 
C EC ( 1) = REC 

T ·1 
GOS B 1 5 00 
GOS 156 0 

~:u * * ********* * *************************************** 
S BROU T I E FI ND TEACHER RECORD 

£ 1 *************************************************** 
0 lE : PRI T : PR I NT 
RI T n E L TEP. TEACHE R J.J Ur·IBER " 

R I T P RI NT : I N PUT NU ~1B 

= ·IB 

0 HE GOTO 615 
< ~I D ( PT , 2 ) TH EN I K = 1 
> Tr·;o' ( PT , 2) T HE J. :r IK = 3 



605 
610 
612 
615 
618 
6 20 
6 25 
·628 
630 
635 
6 40 
6 5 
650 
655 
6""0 
67 0 
67 5 
6 80 
6 85 
690 
695 
7 0 
7 0 
1070 
10 0 
1085 

10 
15 
20 

' 25 
30 
35 

0 
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IF TUNB = TI NDX(PT,2) THErJ GOTO 625 
PT = T I ID X ( PT , I K) 
GOTO 590 
PRINT : PRI JT"TEACHER ";I>JUr.lB ·" IS NOT IN THE DATA BASE" 
PRI NT : P RINT : I NPUT "po ... , RS

1 

S GOTO 71 0 ,.... RETURN TO CONTINUE ";ZZ$ 

RE C = TINDX ( PT, 4) 
PRI 1T DS ; "0 PEN TEACHER- SCHEDULE 131" 
FOR I = l TO 7 ' 
BYT = 3 + I I - 1) * 4 
PRI T D $ i .. READ TEACHER- SCHEDULE, R"; REC; ", B"; BYT 
I PUT SCHD {I) 
1EXT I 

PRI T D$ ; "CLOSE" 
FOR ·' = l TO 7 
C 10 ·IB = SC D (H) 
PT = C 
GOSOB 143 0 
CREC ( ) = RE C 

E T · 
GOSUB 150 0 
GOSUB 180 0 

ETUR 
RE· ************************************************** 

E · SU ROUTI TE RETRE IVE ALL STUDENT SCHEDULES 
RE 1 ******** ****************************************** 

= SP 
GOSUB 1220 
FOR T = 1 TO ~ ST 

I m D$ ; " OPE STUDENT-SCEEDULE,Ll04" 
RI D$ ;" E D STUDENT-SCHEDULE,R" ;ODR(T}; ",BO" 

I S U 
0 · =1T07 

6 + ( ·1 - 1 ) * 14 
D$ ; " EAD STUDENT- SCHEDULE, R 

11
; ODR ( T) ; ", B"; BYT 

SC D ( 1) 

; " CLOSE STUDE ~T -SCHEDULE" 
0 7 
D ( ) 

EC 



1215 
122 0 
1225 
1 230 
1232 
123 5 
1240 
1242 
1245 
1250 
1 2 52 
1255 
1260 
126 5 
1270 
127 5 
1277 
1280 
1285 
1290 

85 

RETURN 
REM ************************************************** 
REN S UBROUTINE I N-ORDER 
REM ** ************************************************ 
LN = 0 
LT = 0 
IF A lS = 3 A.lD SNDX (PT,l) < > 0 THEN GOTO 1310 
IF = 4 AlJD TINDX {PT,l) < > 0 THEN GO~O 1310 
Ll = L.+ l 
IF A !S = 3 THEil ODR ( LN ) = SNDX ( PT, 4 ) 
IF 1 S = 4 THEN 0 DR ( L N ) = T I NDX ( PT , 4 ) 
D = 1 
RE ·1 PUSH STAACK 
GOSUE 134 0 
D = 0 
IF S = 3 THEN PT = S~J DX(PT,3) 
I F A l S = 4 T E 1l PT = T I ! J DX { PT , 3 ) 
IF PT < > 0 THEN GOTO 12 4 0 

E ·1 POP STACK 
GOSUB 13 7 5 
IF D = 3 THE G OTO 13 3 5 
IF D = 1 THE. GOTO 12 8 5 
GOTO 12 45 
D = 2 
GOSU B 1340 
D = 0 
IF A 1 S = 3 THEN PT = SH DX ( PT , 1 ) 
IF S = 4 THEN PT = TIN DX ( PT, 1 ) 

GO 0 12 40 

RETUR,.l * 1.· ******* * * * * * ********* ** * **** E·1 *************** **** * 
E SU B ROUTI . E PUSH ****************************** * *************** *** 

= PT 
= 0 

. **************************** ~ ** ************* * ** * 
RO TI !E POP *** ***** * * ********* * ******** * ********** * ** * ** 

GOTO 141 5 



1426 
1425 
1430 
1435 
1440 
1445 
1450 
1455 
1460 
146 5 
1470 
1475 
1480 
1485 
1490 
1 95 
15 0 
1505 
1510 
1515 
1520 
1525 
1530 
1535 
1540 
1545 
1550 
1555 

60 
156 5 
. -7 0 

75 
15 0 

5 5 
86 
90 

'9 
16 00 

6 5 
16 05 

6 0 
5 

620 
25 
30 

635 
60 

86 

REI1 

REM ************************************************** 
REH SUBROUTINE TO FIND CLASS RECOHD 
REM ************************************************** 
IF PT = 0 THEN GOTO 14 7 0 
IF CNUf·lB < Ci r~ DX ( PT, 2) THEN IK = 1 
IF CNUliB > CI NDX ( PT 1 2) 'rHEN II\ = 3 
I F C 1Ur·IB = CI NDX ( PT, 2) ~HEN GOTO 14 85 
PT = C I IDX ( PT 1 I I') 
GOTO 14 4 0 
REr COURSE IS NOT IN DATA BASE 
FLAG = 1 
GOTO 14 90 
REC = CIt DX ( PT, 4) 
RETUR J 
RE · ************************************************** 
RE'l SOBROOTidE TO READ TEACHER AND ROOH NUt·lBER 
RE~ ************************************************** 
PRI T D$ ; " 0 PEN CLASS- I NFO, L2 25" 
FOR I = 1 TO 7 
PRI T D$ ; " RE AD CLASS- INFO, R 11 ;CREC {I);", B4" 
I PUT TCH (I) 
PRI. T D$ ; " READ CLASS-INFO,R";CREC(I); ",89" 
I PUT Rr (I) 

EXT I 
PRI T D$ ; "CLOS E CLASS- INFO" 

ETUR 
RE' ** * * * * * * * ** * * * * * * * * * ** ********** ************* ***** 
RE •I P R I T S UBROUT I _1E 
RE i ************************************************** 

O ·lE : R I T : PR I NT 
P , I T " S CHEDULE FOR STU DE NT "; SNUHB 
P .I T : RI T 
P I T " P ERIOD "· TAB( 13) "COURSE"; 
PR I T. B ( 2 ) {,TEACHER"; TAB( 35) "ROOr-1" 

FOR I = l T O 7 
p I 

I .T rr1 ( 3)I ; TAB( lS)SCHD(I); ) 
I T ( 26) TCH (I) ; TAB ( 36) RH (I 

T I 
T : PR I T : I JPUT "PRESS RETURN TO COt1TINUE"; ZZ $ 

** ******************************************* 
B 0 T I E RE T ,I EVE AL L TEACHER SCHEDULES 

. ********************************* ************ 
= 0 THE7· GO~O 1770 



166 5 
1670 
167 5 
16 80 
16 85 
16 90 
16 95 
1700 
17 05 
1710 
1715 
17 20 
17 25 
1730 
1735 
17 40 
17 45 
17 50 
17 55 
1760 
17 65 
1770 
177 5 
17 80 
17 85 
-190 
17 95 
1800 
1805 
1 6 
1809 
1 10 
1815 
1820 
1 82 5 
1830 
18 5 
1 . 0 
.... 845 
1850 

GOSUB 1220 
FOR T = 1 TO NTEA 
PRI NT D$; "OPEN TEACHER-SCHEDULE,L31 11 

PRINT D$ ,· "READ TEAC HER-SCHEDULE,R";ODR(T);",BO" 
INPUT TN UHB 
F 0 R r·_ = 1 TO 7 
BYT = 3 + ( r.I - l ) * 4 
PRI JT D $ ,· "READ TEACHt:" •. .wR-SCHEDULE,R" ;ODR(T); If I B" ;BYT 
I JPUT SCHD ( N) 
JEXT f.1 

PRI JT D$ ; "CLOSE TEACHER- SCHEDULE" 
FOR ·1 = 1 TO 7 
CNU 1B = SCHD (!.1) 
PT = CP 
GOSOB 142 5 
CRC {ll) = RE C 
'lEXT ·I 
GOSUI3 1 . 95 
GOSUB 180 0 
JEXT T 

GOTO 17 95 
REI TEAC !ER-I NDEX HAS NOT BEEN BUILD 
HOllE : PRI T : PRINT : PRINT 
PRI T "TEACHER-INDEX HAS NOT BEEN BUILD" 
PRI T : PRinT 
PRI lT : PRI T: I ~PUT "PRESS RETURN TO CONTINUE "; ZZ $ 
RETO 

87 

RE ********** **************************************** 
SUBROUTI JE PRINT TEACHER SCHEDULE 

************** ************************************ 
HO •IE : PRI T : PRI NT 
PRI T "SCH EUDLE FOR TEACHER ";TNUr.IB 
PRI T : PRINT 
P I 1 " PERIOD "; TAB( 15) "CLASS"; TAB( 25) "ROOt:!" 
FOR I = 1 TO 7 
PRI 
PIT T >{ 3) I ; TAB( 16) SCHD(I); TAB( 26)RH(I) 

I ·1T : I PUT " PRESS RETURN TO CONTINUE "; ZZ$ 



100 
110 
120 
130 
140 
150 
160 
_70 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
2 0 
290 
300 
310 
320 
330 
3 0 
350 
360 
370 
3 0 
390 
400 
4 0 

20 
.30 

0 
0 
0 
0 

APPENDIX E 

PROGRAr-1 UPDATE FILES 

REN PROGRAH TO UPDATE RECORDS 
REN 
DIH SNDX ( 50 0, 4) 
DI TI IDX ( 50 , 4) 
D I l1 CI 1D X ( 15 0 , 4 ) 
DI -1 SCHD { 7) 
DI CH ( 7, 2) 
D$ = CHR $ ( 4) 
GOSUB 450 
GOSOB 57 0 
GOSUB 7 00 
HO iE : PRINT : PRINT 
PRI T " THIS PROGRAM UPDATES:" 

RI T : PRINT 
PRI T " E TER THE NUHBER OF YOUR CHOICE" 

PP.I~T 
PRI T "l ••••• STUDENT-SCHEDULE" 
PRI T 
PR I T "2 ••••• TEACHER-SCHEDULE" 
PRI T 
PRPI T "3 ••••• STUDENT GRADES" 
P I T 
PRI T "4 ••••• ROOr1 NUHBERS" 
PRI T 
PRI T "5 ••••• ENTER 5 TO END PROGRAM" 
PR! T : PRI T : INPU,., M1S 
IF S = 1 THEN GOSUB 83 0 
IF lS = 2 THEN GOSUB 1810 
IF S = 3 THE ~ GOSUB 2 96 0 

F S = 4 THEN GOSUB 36 80 
IF l S = 5 THE G OTO 4 3 0 
~F lCL S < > CLASSO THEN GOSUB 2 840 

GOTO 210 
E.· XIT P OGRAM AND RON HENU PROGRAM 

P . D$ ; "RU ~ ·ENU , Dl" 
** ***** ***************************************** 
S B OUTI E TO EAD ST- INDEX" 

*** ***************** *********************** * ***** 
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480 
490 
500 
510 
520 
53 0 
540 
5 50 
560 
570 
580 
590 
600 
61 0 
620 
630 
6 40 
650 
660 
670 
6 80 
690 
700 
710 
7 20 
730 
740 
750 
760 
770 
780 
790 
800 
810 
820 
830 
8 .0 
850 
860 
870 
880 
890 
900 
9 0 
920 
930 

PRINT D$; "OPEN STUDENT-INDEX D2" 
PRINT D$; "READ STUDENT- INDEX~ 
INPUT NST: INPUT SP: INPUT OBAL 
FOR I = 1 TO NSTU 
FOR J = 1 TO 4 
INPUT SNDX (I, J) 
NEXT J : NEXT I 
PRINT D$; "CLOSE ST- INDEX" 
RETURN 
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REM *************************************************** 
REM S UBROUINE TO READ CLASS-INDEX" 
REM *************************************************** 
PRINT D $ ; "0 PEN CLASS- INDEX" 
PRI NT D$; "READ CLASS- INDEX" 
I NPUT NCLAS S: INPUT CP: INPUT OCBAL 
CLASSO = NCLASS 
FOR I = 1 TO NCLASS 
FOR J = 1 TO 4 
INPUT CI NDX ( I, J) 
NEXT J: NEXT I 
PRI NT D$;"CLOSE CLASS-INDEX" 
RETURN 
REM ** ************************************************* 
REM SUB ROU TIONE TO READ TEACHER- INDEX" 
REM *************************************************** 
PRINT D$ ; "OPEN TEACHER- INDEX" 
PRI T D$;"R EAD TEACHER-INDEX" 
INPUT NTEA : I NPUT TP: INPUT OBAL 
IF NTEA = 0 THEN GOTO 810 
FOR I = 1 TO NTEA 
FOR J = 1 TO 4 
I PUT TINDX( I,J) 

EXT J : EXT I 
PRI T D$ ;" CLOS E TEACHER-INDEX" 
RETURN 
REM ******* ******************************************** 
REM SUB ROO TINE STU DE NT- SCHEDULE 
RE ******** ******************************************* 
HOME : PRI T : PR INT 
PRI T "E TER STUDENT NUMBER" 
PRI T : PRI T : INPUT NUMB 
RE FI D STUDENT RECORD NUMBER 

PT = SP 
IF PT = 0 THE GOTO 970 
IF D < S ND X ( PT , 2 ) THEN I K = 1 
IF 0 > S DX(PT, 2 ) TH E N I K = 3 



940 
950 
960 
970 
980 
990 
1000 
1010 
1020 
1030 
1040 
1050 
1060 
1070 
1080 
1090 
1100 
1110 
1120 
1130 
1140 
1150 
1160 
1170 
1180 
1190 
1200 
1210 
1220 
1230 

240 
1250 
- 26 0 
1'270 
1280 
".290 
1300 
1310 

320 
330 

' 340 
3 0 

1360 
370 
3 80 
390 

00 

IF NUMB = SNDX ( PT, 2) THEN GOTO 100 0 
PT = SNDX ( PT , I K) 
GOTO 910 
REM STUDENT IS NOT IN DATA BASE 
GOSUB 2490 
GOTO 180 0 

REC = SNDX ( PT, 4) 
TREC = REC 
PRINT D$; "OPEN STUDENT- SCHEDULE, L1 0 4" 
FOR I = 1 TO 7 
BYT = 6 + ( I - 1 ) * 14 
PRINT D $; "READ STUDENT- SCHEDULE, R"; REC; ", B"; BYT 
I PUT SCHD (I) 
NEXT I 
PRINT DS; "CLOSE STUDENT-SCHEDULE" 
HOME : PRINT : PRINT 
PRINT "STUDENT ";NUMB;" CURRENT SCHEDULE IS:": PRINT 
PRI T "PERIOD CLASS" 
FOR I = 1 TO 7 
PRINT 
PRINT " " ; I ; " " ; S CHD (I) 
NEXT I 
PRINT PRINT 
INPUT "ENTER PERIOD,NEW COURSE ";PN,COURSE 
CNUMB = SCHD ( PN) 
FLAG = 1 
GOSOB 26 3 0 
IF FLAG = 3 THEN GOTO 1720 
FLAG = 0 
SCBD ( P ) = COURSE 
PRI T D$; "OPEN STUDENT- SCHEDULE, L1 0 4" 
BYT = 6 + ( PN - 1) * 14 
PRI T 0$; " WRITE STUDENT- SCHEDULE, R" i TREC; ", B"; BYT 

PRI T SCED ( PN) 
RE UPDATE CLASS- INFO RELATION 
PRI T D$ ; "CLOSE STUDENT-SCHEDULE" 
RE UPDATE OLD CLASS LIST 
PRI T D$; " OPEN CLASS-INFO,L225" 
RE DECRE E T CSI ZE 
PRI _T D$; READ CLASS-INFO,R" ;REC; ",Bl2" 

· I PUT CSIZE 
CSIZE = CSIZE - 1 " " 12" 
PRI T D$ ;" RI TE CLASS-INFO,R ;REC; ,B 

P I T CSIZ E 
0 R I = TO ( C S I Z E + 1 ) 

B 5 + ( I - 1 ) * 6 " " B n B YT 
pI D ; READ CLASS-I FO,R ;REC; ' ; 
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1410 
1420 
1430 
1440 
1450 
1460 
1470 
1480 
1490 
1500 
1510 
1520 
153 0 
1540 
1550 
1560 
1570 
1580 
15 90 
1600 
1610 
1620 
1630 
-64·0 
1650 
1660 

670 
1680 
1690 

700 
1710 
1720 
1725 

726 
730 

.7 40 
750 

' .760 
.770 
780 

90 
800 
10 

1820 
30 

840 
8 

INPUT LST (I) 
NEXT I 
REM FIND AND DELETE STUDENT 
FOR J = 1 TO ( C SIZE + 1 ) 
IF NUMB = LST(J) THEN GOTO 14""0 
NEXT J I 

IF J = ( CSIZE + 1) THEN GOTO 15 40 
FOR I = J TO CSIZE 
BYT = 1 5 + ( I - 1 ) * 6 
PRINT D $; "WRITE CLASS- INFO 1 R 11

; REC • " B" • BYT 
PRINT LST ( I + 1) I , I 

NEXT I 
GOTO 157 0 
BYT = 15 + CSIZE * 6 
PRINT D $; "WRITE CLASS- INFO, R 11

; REC; ", B" • BYT 
PRINT 0 I 

REM ADD STUDENT TO NEW CLASS LIST 
CNUMB = SCHD ( PN) 
FLAG = 0 
GOSUB 26 3 0 
PRI T D$;"READ CLASS-INFO,R";REC;",Bl2" 
INPUT CSIZE 
CSIZE = CSIZE + 1 
PRI T D$ ;"~1RITE CLASS-INFO,R";REC;",Bl2" 

PRINT CSIZE 
BYT = 1 5 + ( C S I Z E - 1 ) * 6 
PRI T D$ ;"WRITE CLASS-INFO,R";REC;",B";BYT 

PRI T NUMB 
PRI T D$;"CLOSE CLASS-INFO" 
GOTO 17 40 
PRI T D$;"CLOSE CLASS-INFO" 
PRI T : PRINT "STUDENT ";NUMB; 
PRI T " I S OT ENROLLED IN COURSE ";COURSE; 

PRI T " I PERIOD " ; PN 
'FLAG = 0 
HOME : PRINT : PRINT : PRINT 
PRI T 'DO YOU WANT TO MAKE ANY MORE CHANGES" 

PR T " FOR THIS STUDENT " 
I PUT " ••• { y I ) .. " ; A$ 

F A$ = "Y" THEN GOTO 1090 
IF A$ < > "N " THEN G OTO 17 5 0 
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RETU 
E ************** ************************************ 
E S BRO TI E TEACHER-SCHEDULE 

RE ******************* ******************************* 
HO : PRI T : PRINT 
PR T " E ER TEACHER NUMBER " 



1860 
1870 
1880 
1890 
1900 
1910 
1920 
1930 
1940 
1950 
1960 
1970 
1980 
1 990 
2000 
2010 
2020 
2030 
2040 
2050 
2060 
207 0 
2080 
2090 
21 00 
2110 
2120 
2130 
2140 
21 50 
2155 
216 0 
217 0 
21 80 
2185 
21 90 
22 00 
22 0 
2 220 
2230 
22 0 
22 50 

26 
270 

2280 
290 

2300 

PRINT : PRINT : INPUT NUMB 
PT = TP 
IF PT = 0 THEN GOTO 1940 
IF NUMB < TINDX (PT, 2) THEN IK = 1 
IF Norm > TINDX(PT,2) THEN IK = 3 
IF NUMB = TINDX ( PT, 2) THEN GOTO 197 0 
PT = TINDX ( PT, IK) 
GOTO 1880 
REM TEACHER IS NOT IN DATA BASE 
GOSOB 2 490 
GOTO 2 480 
TREC = TIN DX ( PT , 4 ) 
PRINT D$; "OPEN TEACHER-SCHEDULE,L31" 
FOR I = 1 TO 7 
BYT = 3 + ( I - 1) * 4 
PRI T D$; "READ TEACHER- SCHEDULE 1 R"; TREC; ", B"; BYT 
I PUT S CH D ( I ) 
NEXT I 
PRINT D$;"CLOSE TEACHER-SCHEDULE" 
HOME : PRI NT : PRINT : PRINT 
PRINT TEACHER ";NUMB; " CURRENT SCHEDULE IS: 
PRINT : PRINT "PERIOD CLASS" 
FOR I = 1 TO 7 
PRINT 
PRI T I ; " " ; S CHD ( I) 
_EXT I 
PR I T : PRINT 
I PUT "E TER PERIOD,NEW C~URSE";PN,COURSE 
I F SCHD ( P ) < > COURSE THEN GOTO 2180 
PR I T "TE CHER ALREADY ASSIGNED TO CLASS ";CN 
PRI T " I N PERIOD "; PN 
I --POT " PRESS REWRN TO CONTINUE";ZZ$ 

GOTO 223 5 
FLAG = 1 
C MB = S C BD ( P N) 
GOS B 26 30 
IF FLAG = 3 TEE N GOTO 2 42 0 
SCHD (P ) = COU RSE 
P I T D$ ; " OPEN TEACHER- SCHEDULE, L31" 

n 

BYT = 3 + ( P N - 1 ) * 4 
PR T D$ ; " RITE TEACHER- SCHEDULE 1 R"; TREC; ", B"; BYT 

P I T SC D ( P ) 
PRI T D$ ; CLOSE TEACHER-SCHEDULE" 

ROLD = REC 
C = SC D ( P ) 

L G = 0 
G S B 2630 
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2310 
2320 
2330 
2340 
2350 
2360 
2370 
23 80 
23 90 
2 40 0 
2410 
2 420 
2415 
24.3 0 
2440 
2450 
2460 
2470 
2480 
2490 
2500 
251 0 
2520 
2530 
2540 
2550 
2560 
2570 
2580 
2590 
26 00 
261 0 
26 20 
26 30 
26 1 0 
26 50 
2660 
26 -0 
26 80 
26 90 
2 -00 
27 0 
2720 
2730 
2 0 
27 · 0 
2 '60 

RNW = RE C 
PRINT D$; "OPEN CLASS- INFO, 1225" 
PRINT D$; "READ CLASS- INFO, R"; ROLD; ", B4" 
I NPUT TEMP 
I F TEMP < > NUMB GOTO 23 80 
PRI NT D $; " WRITE CLASS- INFO, R"; ROLD; " , B4" 
PRINT 0 
PRINT D$ ;"WRITE CLASS-INFO,R";RNW;",B4" 
PRINT NUMB 
PRI T D$ ; 11 CLOSE CLASS- INFO" 
GOTO 243 0 
PRINT P R INT "TEACHER ";NUMB; 
PRINT " I S NOT IN COURSE ";COURSE;" IN PERIOD ";PN 
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PRINT PR INT :"DO YOU WANT TO MAKE AJ.'JY MORE CHANGES" 
PRINT P RINT " FOR THIS TEACHER" 
PRINT INPUT " •••• ( Y /N) •••• ";A$ 
IF A$ = " Y " THE N GOTO 2050 
IF A$ < > " N " THE N G OTO 2 43 0 
RETURN 
REM *** ***** ****************************************** 
REM S UBROUTINE MISSING-PERSON 
REM *** ***** ****************************************** 
ROME PRINT : PRI NT : PRINT : PRINT : PRINT 
I F A S = 1 THEN PRINT "STUDENT"; 
IF A S = 2 THEN PRINT "TEACHER"; 
PRI T " " ; NUMB ;" IS NOT IN THE INDEX" 
PRI T : P R I T : PRI NT : 
PR I T " USE THE BU I L D PROGRAM TO ENTER" 

PRI T : PRI T 
PRI T "TEACHERS AN D STUDENTS INTO THE DATA BASE" 
PRI T : PR I T : PRINT : PRINT 
I PU T "PR E SS RETU RN TO CONTINUE"; ZZ $ 
RETU RE **** ** **** **** ************************************ 
R S B ROU TINE TO F I ND CLASS RECORD NUMBER 

E ********* *** ************************************** 
PT = CP 
IF PT = 0 THE GOTO 27 5 0 
IF C _UMB < C I NDX ( PT ,2 ) THEN IK = 1 
IF C > C I NDX ( PT ,2) THEN IK = 3 
IF C = CI NDX ( PT ,2 ) T HEN GOTO 2730 

= C I D X ( PT , I K ) 
GOTO 26 70 
REC = CI DX ( PT , 4 ) 
GOTO 2 83 0 

F FL G = 1 THEN GOTO 2 820 
CLASS = CLAS S + 1 



2770 
27 80 
2790 
2800 
2810 
2820 
2830 
2 840 
2850 
2860 
2870 
2880 
2890 
2900 
2910 
2920 
293 0 
2940 
2950 
2960 
2970 
2980 
29 90 
3000 
3010 
3020 

03 0 
3040 
3050 
3 060 
3070 
3080 
3090 
3100 
3 10 
3120 
3 30 
3140 
3150 
3160 
31 0 
3 80 
3 85 
3 90 
3 00 
32 0 
3220 

CINDX (LAST, IK) = NCLAS S 
CINDX(NCLASS,2) = SCHD(PN) 
CINDX ( NCLASS, 4) = NCLAS S - 1 
REC = NCLASS - 1 
GOTO 283 0 
FLAG = 3 
RETURN 
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REM ************************************************** 
REM SUBROUTINE WRITE CLASS-INDEX 
REM ************************************************** 
PRINT D$; "OPEN CLASS- INDEX" 
PRINT D$; "OPEN CLASS-INDEX" 
PRINT NCLASS: PRINT CP: PRINT OCBAL 
FOR I = 1 TO NCLASS 
FOR J = 1 TO 4 
PRINT CINDX (I, J) 
NEXT J: NEXT I 
PRI T D$;"CLOSE CLASS-INDEX" 
RETURN 
REM ************************************************** 
REM SUBOUTINE UPDATE-GRADES 
REM ************************************************** 
HOME : PRINT : PRINT : PRINT 
PRI T "1 ••..• TO UPDATE MID-SEMESTER GRADE" 
PRI T : PRINT 
PRI T "2 ••••• TO UPDATE FINIAL-GRADE" 
PRI T : PRINT : PRINT 
PRINT "ENTER THE NUr1BER OF YOUR CHOICE" 

I PUT BANS 
IF BANS = ... THEN GOSUB 3560 
IF B S = 2 THEN GOSUB 3620 
IF B S < > 1 AND BANS < > 2 THEN GOTO 2990 
HOME : PR I T : PRINT : PRINT 
I POT "E TER STUDENT NUMBER ";NUMB 

PT = SP 
IF PT = 0 THE 1 G OTO 3 18 0 
IF U B < SNDX ( PT,2) THEN IK = 1 
IF U MB > S ND X ( PT , 2 ) THEN IK = 3 
IF U -B = S DX ( PT, 2) THEN GOTO 3 21 0 
PT = S DX(PT ,IK ) 
GOTO 3120 
PR T : PRINT "STUDENT ";NUMB i " 
P I T " IS NOT IN THE DATA BASE 
PR T : I PUT "PRESS REWRN TO CONTINUE" i ZZ $ 

GOTO 3 550 
R EC = S D X ( PT , 4 ) " 
P I T D$; " OPE STUDENT-SCHEDULE, Ll 04 



3230 
3240 
3250 
3260 
3270 
3280 
3290 
3300 
3310 
3320 
3330 
3340 
3350 
3360 
3370 
3380 
3385 
3390 
3400 
3 410 
3405 
3420 
3430 
3440 
3 50 
3460 

470 
3480 
3490 
3500 
3510 
3520 
353 0 
3540 
3550 
3560 
3570 
3580 
3590 
3600 
3610 
3620 
3630 
36 40 
3650 
3660 
3670 

FOR I = 1 TO 7 
BYT = 6 + ( I - 1 ) * 14 
PRINT D$; "READ STUDENT~- SCHEDULE R" • REC •" B" ·BYT 
INPUT S CHD ( I) ' ' ' ' ' 
BYT = Bl + ( I - 1 ) * 14 
PRINT D$;"READ STUDENT-SCHEDULE R"·REC·" B"·BYT 
INPUT GDE (I) ' ' ' ' ' 

BYT = B2 + (I - 1) * 14 
PRINT D$; ,READ STUDENT-SCHEDULE R"·REC .. " B"·BYT 
INPUT COM(I) , I , , ' 

NEXT I 
PRINT D$; "CLOSE STUDENT-SCHEDULE" 
HOME : PRINT : PRINT 
PRINT "CURRENT GRADES FOR STUDENT " ; NUMB;" ARE: " 
PRI T : PRINT 
PRINT "PERIOD"; TAB ( 11) 11 CLASS"; TAB ( 20) "GRADE"; 
PRINT TAB ( 30) "COMMENT" 
FOR I = 1 TO 7 
PRINT 
PRINT TAB( 3) I; TAB( 12) SCHD(I); TAB( 22) GDE (I); 
PRI T TAB ( 3 3) COM (I) 
NEXT I 
PRI T 
PRINT "ENTER PERIOD, NEW GRADE, NEW COMMENT" 
I PUT P , GD, CM 
IF PN > 7 OR PN < 1 THEN GOTO 3440 
PRI T D$; "OPEN STUDENT-SCHEDULE, Ll 04" 
BYT = B1 + ( PN - 1) * 14 
PRI T D$; "WRITE STU DENT- SCHEDULE, R"; REC; ", B"; BYT 

PRI T GD 
BYT = 82 + ( PN - 1) * 14 
PRI T D$ ; "WRITE STUDENT-SCHEDULE,R";REC;",B";BYT 

PRINT C 
PRI T D$ ; "CLOSE STUDENT-SCHEDULE" 
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RETUR 
REM * ************************************************ 
RE SUBROUTINE BYTE POINTERS FOR MID-SEMESTER 
RE ************************************************** 
Bl = 10 
82 = 13 
RETOR REM ************************************************** 
RE S BROUTINE BYTE-POINTERS-MID-SEMESTER 
REM ************************************************** 

Bl = 15 
82 = 18 
RET R 



3675 
36 80 
3690 
3700 
3710 
3720 
3730 
37 40 
3750 
3760 
3770 
3780 
3790 
3 800 
3805 
3810 
3820 
3 830 
3840 
3850 
3 860 
3 870 
3880 
3 890 
3900 
3910 
3920 
3930 
3940 
3950 
3960 
3970 
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REM 
REM ************************************************** 
REM SUBROUTINE CHANGE-ROOM 
REM ************************************************** 
HOME : PRINT : PRINT : PRINT 
INPUT "ENTER THE CLASS NUMBER ";CNUMB 
PT = CP 
IF PT = 0 THEN GOTO 3 80 0 
IF CNUMB < CINDX ( PT, 2) THEN IK = 1 
IF CNUMB > CINDX ( PT, 2) THEN IK = 3 
IF CNUMB = CINDX ( PT, 2) THEN GOTO 3 83 0 
PT = CI NDX ( PT, IK) 
GOTO 37 40 
PRINT : PRINT : PRINT n COURSE "; CNUMB; 
PRINT "IS NOT IN THE DATA BASE" 
INPUT "PRESS RETURN TO CONTINUE "; ZZ $ 
GOTO 3 970 
REC = CI N DX ( PT, 4) 
PRINT D$ ; "OPE N CLASS-INFO,L225" 
PRINT D$ ; "READ CLASS-INFO,R";REC; ",B9" 
I PUT RN 
PRINT D$; "CLOSE CLASS- INFO" 
HOME : PRINT : PRINT : PRINT 
PRI T "CLASS ";CNUMB;" IS CURRENTLY SCHEDULED IN" 
PRI T : PRINT " ROOM "; RN 
PRI T : PRINT : PRINT : PRINT 
I P T "ENTER NEW ROOM NUMBER ";NRM 
PRI T D$ ·"OPEN CLASS- INFO, 1225" 
PRI T D$; "v/RITE CLASS- INFO, R"; REC; ", B9" 
PRI T RM 
PRI T D$; "CLOSE CLASS- INFO" 
RETUR 



APPENDIX F 

PROGRAH ENTER GPADES 

100 REr 
110 RE PROGRA?1 TO ENTER GRADES 
120 REi 
130 DI ·1 TI DX ( 50 ,4) 
140 DI1 CINDX(l50,4) 
150 DIH SCHD ( 7) 
160 DIMGDE(35) 
170 DIH CO (3 5) 
180 DI S EC ( 3 5) 
190 D$ = CHR$ { 4) 
200 GOSUB 7 40 
210 GOSOB 87 0 
220 GOSUB 100 0 
230 HO E : PRINT : PRINT 
240 PRI T : PRI T : PRI NT : PRINT 
250 PRI T " 1 ••••• FOR r1ID-SEHESTER GRADES" 
260 P I T : PRI T 
2 7 0 P I T " 2 • • • • • 0 R FIN I AL GRADES " 
280 P I T : PRINT 
290 I PUT " ETTER NO 1BER OF YOUR CHOICE" ;ANS 
300 IF S = 1 THEN GOSUB 6 20 
310 IF S = 2 'I'HE GOSUB 6 80 
320 IF S < > 1 AND ANS < > 2 THEN GOTO 230 
330 HO 1E : PRI T : PRINT : PRINT 
3 0 P I T " E TER THE TEACHER NUHBER" 

350 PRI T : PRI T : PRINT 
360 P T " OR" 

7 0 P I ~T : PR I T : PRINT 
380 PRI T E TER •• -9 •• TO TER!,!INATE PROGRAH" 

390 P T : PRI T 
0 IPT UIB 

..... 0 I U lB = - 9 THE GOTO 600 
20 GO B 113 0 

430 I FTE C = 1 THEN GOTO 53 0 
0 GOS B 1280 

4 50 FO K = 1 TO 7 
60 SC D { K) 

470 = 99 9 GOTO 51 0 
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480 
490 
500 
510 
520 
53 0 
540 
550 
560 
570 
580 
590 
600 
610 
620 
630 
640 
~650 

660 
670 
·680 
690 
700 
710 
720 
730 
7 40 
750 
760 
770 
780 
790 
800 
810 
820 
830 
840 
850 
860 
8 0 
880 

90 
.9 0 
.9 0 
920 
'93 0 

GOSOB 1390 
GOSOB 153 0 
GOSOB 1920 
NEXT KK 
GOTO 310 
REM GIVEN TEACHER IS NOT IN DATA BASE 
PRINT : PRINT : PRINT 
PRINT "TEACHER ";NUMB;" IS NOT IN THE DATA BASE" 
PRINT : PRINT : PRINT 
INPUT "PRESS THE RE'IURN KEY TO CONTINUE"· zz $ 
FTEACH = 0 I 

GOTO 310 
REM EXIT PROGRAM AND RUN MENU 
PRINT D$;"RUN MENU,D1" 

98 

REM *************************************************** 
REM SUBROUTINE TO SET BYTE POINTERS 
REM *************************************************** 
81 = 10 
B2 = 13 
RETURN 
REM *************************************************** 
REM SUROOTINE TO SET BYTE POINTERS FOR FINIAL GRADES 
REM *************************************************** 
Bl = 15 
82 = 18 
RETOR 
REM ************************************************** 
REM SOBROOTINE TO READ TEACHER-INDEX" 
REM *************************************************** 
PRI T D$; "OPEN TEACHER-INDEX,D2" 
P I T D$; "READ TEACHER- INDEX" 
I PUT TES : INPUT TP: INPUT OBAL 
I TEA = 0 THEN GOTO 85 0 
FO I = 1 TO NTEA 

OR J = 1 TO 4 
P rr TI DX ( I , J) 

.. EX J : EXT I 
P T D$; "CLOSE TEACHER- INDEX" 

E R 
************************************************** 

I E TO READ CLASS-INDEX" 
****************************************** 

D$ ·"O PE CLASS- INDEX" 
I n 

D$ ;"READ CLASS-INDEX 
cLASS : I PUT CP: INPUT OCBAL 

s = 0 THEN GOTO 980 



940 
950 
960 
970 
980 
990 
1000 
1010 
1020 
1030 
1040 
1050 
1060 
1070 
1080 
1090 
1100 
1110 
1120 
1 30 
1140 
1150 
1160 
1170 
-180 
1 90 
1200 
1210 
12 20 

230 
1.2 .Q 
1.250 
1260 

270 
280 

' 290 
- 300 
3 0 

. 320 
330 
3 0 
3 0 
360 

- 370 
380 

82 
- 8.S 

FOR I = 1 TO NCLASS 
FOR J = 1 TO 4 
INPUT CI NDX (I, J) 
NEXT J : NEXT I 
PRINT D$; "CLOSE CLASS- INDEX" 
RETURN 
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REM ************************************************** 
REM SUBROUTINE TO READ STUDENT-INDEX" 
REM ************************************************** 
PRINT D$; "OPEN STUDENT- INDEX" 
PRINT D$; "READ STUDENT- INDEX" 
I PUT NST : I NPUT SP: INPUT OBAL 
IF NSTU = 0 THEN GOTO 1110 
FOR I = 1 TO NSTU 
FOR J = 1 TO 4 
I PUT SNDX (I ,J) 

EXT J : EXT I 
PRI T D$; "CLOSE ST- INDEX" 
RETURN 
REM ************************************************** 
REM SUBROUTINE TO FIND TEACHER RECORD" 
REM ************************************************** 
PT = TP 
IF PT = 0 THEN GOTO 1230 
IF OMB < T INDX(PT,2) THEN IK = 1 
IF U ffi > T I DX ( PT, 2) THEN IK = 3 
IF NUMB = TINDX ( PT, 2) THEN GOTO 126 0 
PT = T I D X ( PT , I K ) 
GOTO 1170 
RE TEACHER IS NOT IN DATA BASE 

FTEAC = 1 
RETOR 
REC = TI DX ( PT, 4) 
RETU 
RE *************** *********************************** 
RE S BROUTI E TO READ TEACHER SCHEDULE 

E *********** *********************************** 
PRI D$ ; " OPEN TEACHER- SCHEDULE, L31" 

0 = 1 TO 7 
BY 3 + ( J - 1 ) * 4 " R E C " B" B YT 
PR D$ ; " READ TEACHER- SCHEDULE, R i i ' i 

I SC D ( J) 
J 

D$ ;"CLOSE TEACHER-SCHEDULE" 



1387 
13 90 
1400 
1410 
1420 
1430 
1440 
1450 
1460 
1470 
1480 
1490 
1500 
1510 
1520 
153 0 
1540 
1550 
1560 
1570 

580 
1590 

600 
_610 
1620 

630 
1635 
16 0 
1650 

660 
670 
6 80 

1690 
700 

171 0 
1720 

730 
7 0 

"750 
760 
7 0 

80 
7 0 
.80 
.8 0 

0 
3 

100 

*** ****************************** * *************** 
SOBROOT I E TO FIND ~~:~~~*~;:~~~~~*************** 

******************** 
I == 1 TO IN FO ( 5 ) 

= SP 
PT == 0 T E G OTO 1 8 9 0 
ST(I) < SNDX(PT ,2) THEN IK == ~ 

LS (I) > S DX ( PT,2) THEN IK == 



1840 
1850 
1860 
1870 
1880 
1890 
1900 
1910 
-920 
193 0 
1940 
1950 
1960 
1970 
1980 
1990 
2000 
2010 
2020 
2030 
2040 
2050 
206 0 
207 0 
2080 
2090 
2100 
2110 
2120 
213 0 
2140 
2150 
2160 
217 0 
2180 
2190 
2200 
2210 
2220 
223 0 
2240 
2250 
226 0 
227 0 
2280 
2290 
23 00 

IF LST(I) = SNDX(PT,2) THEN 1870 
PT = SND X ( PT, I K) 
GOTO 1810 
SREC(I) = SNDX(PT,4) 
GOTO 1900 
SREC (I) = - 9 
NEXT I 
RETURN 
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REM ************************************************* 
REM SUBROUTINE TO INPUT AND PRINT GRADES 
REM ************************************************* 
HOME : PRINT : PRINT 
PRINT "CLASS TEACHER PERIOD RM# CSIZE" 
PRINT 
FOR I = 1 TO 5 
PRINT INFO (I) ; " 
NEXT I 
PRINT : PRINT 

n • 
I 

IF INFO ( 5) = 0 THEN GOTO 23 20 
PRINT "ENTER GRADE,COMMENT" 
PRINT 
PRINT "STUDENT GRADE, COMMENT" 
PRINT 
FOR J = 1 TO INF0(5) 
PRINT LST(J);" "; 
INPUT GDE(J) ,COM(J) 
PRINT 
NEXT J 
PRINT D$; "OPEN STlJDENT-SCHEDULE,L104" 
REM WRITE TO STUDENT-SCHEDULE FILE 
F 0 R I = 1 TO INFO ( 5) 
PT = SP 
IF PT = 0 THEN GOTO 2230 
IF L S T ( I ) < S ND X ( PT , 2 ) THEN I K = 1 
IF LST(I) = SNDX(PT,2) THEN GOTO 2220 
IF L S T ( I ) > S ND X ( PT , 2 ) THEN IK = 3 
PT = SNDX(PT, IK) 
GOTO 216 0 
SREC(I) = SNDX(PT,4) 
NEXT I 
F 0 R I = 1 TO INFO ( 5) 
BYT = B1 + (INFO ( 2) -1) * 14 
PRINT D$; "WRITE STUDENT-SCHEDULE, R"; SREC (I) i ", B" i BYT" 
PRINT GDE (I) 
BYT = B2 + (INFO ( 2) - 1) * 14 
PRINT D$; "WRITE STUDENT-SCHEDULE, R"; SREC (I) i ", B"; BYT" 
PRINT COM ( I) 



2310 NEXT I 
23 20 PRINT D$; "CLOSE STUDENT-SCHEDULE" 
2330 INPUT "PRESS RETURN FOR THE NEXT CLASS";ZZ$ 
23 40 RETURN 
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APPENDIX G 

PROGRAH PRINT GRADES 

100 REr.I 
110 REH PROGRAlt! PRINT-GPADES 
120 RE11 
130 REl·1 
140 D$ = CHR$ (4) 
15 0 D I 1-1 S NDX ( 50 0 , 4 ) 
160 DIM CI NDX(150,4) 
17 0 D I r S CHD ( 7) 
1 80 D I 1-i T CH ( 7 ) 
190 DIM Gl'-1T(7) ,GF(7) 
2 0 0 D I M CNT ( 7 ) , CF ( 7 ) 
210 DIM CREC(7) 
220 DIM STACK {50 0,2) 
230 Dil1 ODR ( 500) 
240 FLAG = 0 
250 GOSUB 7 3 0 
26 0 GOSUB 8 80 
27 0 IF FLAG = 1 THEN GOTO 5 80 
2 80 HOHE : PRINT : PRINT 
290 PRI T "THIS PROGRAM PRINTS THE: " 
300 PRINT : PRINT : PRINT 
310 PRI !. T "l •••••• MID -SENESTER GRADES." 
320 PRI lT : PRINT : PRINT 
330 PRINT "2 ••••• FINIAL GRADES." 
340 P I T : PRINT : PRINT 
350 PRI JT "3 ••••• TO END PROGRAH" 
360 PRI T : PRINT : PRINT 
370 I PUT "ENTER THE NUl·1BER OF YOUR CHOICE: ";ANS 
380 IF ANS = 3 THEN GOTO 630 
390 IF ANS < > 1 AND ANS < > 2 THEN GOTO 370 
400 GOSUB 6 50 
410 BONE : PRINT : PRINT : PRINT 
420 PRI T "DO YOO WANT GRADES FOR: " 
430 PRI lT : PRINT 
440 PR T "1 ••••• ONE STUDENT" 
450 PRINT : P INT 
460 PRI JT "2 ••••• ALL STU DENTS" 
470 PRI T : PRI NT 

103 



104 

475 INPUT "ENTER THE NUMBER OF YOUR CHOICE: ";BANS 
480 IF BANS = 1 THEN GOSUB 1030 
490 IF BANS = 2 THEN GOSUB 1200 
500 IF BANS < > 1 AND BANS < > 2 THEN GOTO 42 0 
51 0 HOME : PRINT : PRINT 
520 PRINT "DO YOU WANT TO RETRIEVE MORE" 
53 0 PRINT PRINT " STUDENT'S GRADES { y /N) " 
540 PRINT : PRINT : INPUT C$ 
550 IF C$ = "yn THEN GOTO 410 
560 IF C$ = "N" THEN GOTO 280 
570 GOTO 510 
580 REM EXIT PRC(;RAM AND RUN MENU PROGRAM 
5 90 HOME : PRINT : PRINT 
600 PRINT "THE CLASS INDEX HAS NOT BEEN BUILT" 
610 PRINT: PRINT:PRINT " USE BUILD PROGRAM TO ENTER CLASSES" 
620 PRINT : PRINT : INPUT "PRESS RETURN TO CONTINUE "; ZZ$ 
630 REM EXIT PRCGRAM AND RUN MENU 
6 40 PRINT D$; "RUN MENU, Dl" 
650 REM *************************************************** 
660 REM SUBROUTINE SET BYTE-POINTERS 
670 REM *************************************************** 
6 80 Bl = 10 
6 90 B2 = 13 
7 00 B3 = 15 
710 B4 = 18 
720 RETURN 
730 REM ***~********************************************** 
7 40 REM SUBROUTINE READ SWDENT- INDEX 
750 REM ************************************************** 
760 PRINT D$; "OPEN STUDENT-INDEX,D2" 
770 PRINT D$; "READ STUDENT-INDEX" 
7 80 INPUT NST: INPUT SP: INPUT OBAL 
790 IF ST = 0 THEN GOTO 850 
80 0 F 0 R I = 1 TO N ST 
81 0 F 0 R J = 1 TO 4 
820 I _-PUT SNDX(I,J) 
830 NEXT J: NEXT I 
840 GOTO 86 0 
850 FLAG = 1 
86 0 PRI T D$; "CLOSE STUDENT- INDEX" 
870 RETURN 
880 REM ************************************************* 
890 REM SUBROUTINE READ CLASS-INDEX" 
900 REM ************************************************* 
910 PRI T D$; "OPEN CLASS- INDEX" 
920 PRI T D$; "READ CLASS- INDEX" 



930 
940 
950 
960 
970 
980 
990 
1000 
1010 
1020 
1030 
1040 
1050 
106 0 
1070 
1080 
1090 
1100 
1110 
1120 
1130 
1140 
1150 
1160 
1170 
1180 
1190 
1200 
1210 
1220 
1230 
1240 
1250 
1260 
1270 
1280 
1290 
130 0 
1310 
1320 
1330 
13 40 
13 50 
13 6 0 
1370 
13 80 
13 90 

INPUT NCLASS: INPUT CP: INPUT OCBAL 
IF NCLASS = 0 THEN GOTO 1000 
FOR I = 1 TO NCLASS 
FOR J = 1 TO 4 
INPUT CINDX (I, J) 
NEXT J : NEXT I 
GOTO 1010 

FLAG = 1 
PRINT D$; "CLOSE CLASS-INDEX" 
RETURN 
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REM ************************************************** 
REM SUBROUTINE PRINT-GRADES (ONE STUDENT) 
REM ************************************************** 
HOME : PRINT 
INPUT "ENTER THE STUDENT NUl1BER ";NUMB 
FLAG = 0 
GOSUB 1310 
IF FLAG = 1 THEN GOTO 1150 
GOSUB 1450 
IF ANS = 1 THEN GOSUB 2340 
IF ANS = 2 THEN GOSUB 2480 
GOTO 1190 
HOME : PRINT : PRINT 
PRINT " STUDENT ";NUMB;" IS NOT IN THE DATA BASE" 
PRINT : PRINT : PRINT 
INPUT "PRESS RETURN TO CONTINUE F "; ZZ $ 
RETURN 
REM ************************************************** 
REM SUBROUTINE PRINT-GRADES (ALL STUDENTS) 
REM ************************************************** 
GOSUB 1950 
FOR JJ = 1 TO NST 
REC = SNDX(ODR(JJ) ,4) 
GOSUB 1450 
IF ANS = 1 THEN GOSUB 2340 
IF ANS = 2 THEN GOSUB 2 480 
NEXT JJ 
RETURN 
REM ************************************************** 
REM S UBROUTINE READ STUDENT-RECORD 
REM ************************************************** 
PT = SP 
IF PT = 0 THEN GOTO 1430 
IF UMB < SNDX(PT,2) THEN IK = 1 
IF UMB > SNDX ( PT, 2) THEN IK = 3 
IF JUMB = S DX ( PT, 2) THEN GOTO 1410 
PT = S DX(PT,IK) 



1400 
1410 
1420 
1430 
1440 
1450 
1460 
1 470 
1480 
1490 
1500 
1510 
1520 
1530 
1 540 
1550 
1560 
1570 
15 80 
1 5 90 
1595 
1600 
16 1 0 
16 1 5 
1620 
1 6 30 
1 6 40 
16 45 
1 6 50 
166 0 
166 5 
1670 
1 6 80 
1 6 90 
17 00 
1710 
17 20 
17 30 
17 40 
17 50 
17 6 0 
1770 
17 80 
17 90 
1800 
1810 
1820 

GOTO 1350 
REC = SNDX ( PT, 4) 
GOTO 1440 
FLAG = 1 
RETURN 
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REM ************************************************** 
REM SUBROUTINE READ-GRADES 
REM ************************************************** 
PRINT D$; "OPEN STUDENT-SCHEDULE, Ll 04" 
PRINT D$; "READ STUDENT-SCHEDULE, R" ;REC; ", BO" 
INPUT NUMB 
FOR I = 1 TO 7 
BYT = 6 + (I - 1) * 14 
PRINT D$; "READ STUDENT-SCHEDULE, R"; REC; ", B"; BYT 
INPUT SCHD ( I) 
NEXT I 
PRINT D$; "CLOSE STUDENT-SCHEDULE" 
GOSUB 1720 
PRI NT D$; "OPEN STUDENT-SCHEDULE, L1 04" 
FOR I = 1 TO 7 
B YT = Bl + ( I -1 ) * 14 
PRI NT D$; "READ STUDENT-SCHEDULE, R" ;REC; II ,B" ;BYT 
INPUT GMT (I) 
BYT = B2 + ( I -1) * 14 
PRI NT D$; "REP...D STUDENT-SCHEDULE, R"; REC; ", B"; BYT 
I NP UT CMT (I) 
I F ANS = 1 THEN GOTO 1690 
BYT = B3 + ( I -1) * 14 
PRI NT D$; "READ STUDENT-SCHEDULE, R" ;REC; ",B" ;BYT 
IN PUT GF (I ) 
BYT = B4 + ( I -1 ) * 14 
PR INT D$; "READ STUDENT-SCHEDULE, R 11 i REC i "1 B 

11 
i BYT 

I NPUT CF (I ) 
NEXT I 
PRI T D$; "CLOSE STUDENT-SCHEDULE" 
RETURN 
REM ************** *********************************** 
REM S UBROUTINE READ CLASS-DATA 
REM ************************************************** 
PR I NT D$ ; "OPEN CLASS-INFO, 1225" 
FOR I = 1 TO 7 
C UMB = SCHD (I) 
PT = CP 
IF PT = 0 TH EN GOTO 1910 
IF C OMB < CINDX ( PT, 2) THEN IK = 1 
IF C UMB > CIN DX ( PT, 2) THEN IK = 3 
IF C UMB = CINDX (PT, 2) THEN GOTO 1850 



1830 
1840 
1850 
1860 
1870 
1880 
1890 
1900 
1910 
1920 
1930 
1940 
1950 
1960 
1970 
1980 
1990 
2000 
2010 
2020 
2030 
2040 
2050 
206 0 
2070 
20 80 
2090 
2100 
2110 
2120 
2130 
2140 
2150 
2160 
217 0 
2180 
2190 
2200 
2210 
2220 
223 0 
2240 
2250 
226 0 
227 0 
2280 
2290 

PT = CINDX (PT, IK) 
GOTO 17 90 
CREC = CINDX (PT, 4) 
PRINT D $; "READ CLASS- INFO, R"; CREC • " B4" 
INPUT TCH (I) , ' 
PRINT D$; "READ CLASS- INFO, R"; CREC • " B9" 
INPUT RM (I) ' ~ 
GOTO 1920 
TCH ( I ) = - 1 : RM ( I ) = - 1 
NEXT I 
PRINT D$; "CLOSE CLASS-INFO" 
RETURN 
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REM ************************************************** 
REM SUBROUTINE IN-ORDER 
REM ************************************************** 
PT = SP 
IF SNDX (PT,1) < > 0 THEN GOTO 2110 
LN = LN + 1 
ODR( LN) = PT 
D = 1 
GOSUB 2170 
D = 0 
PT = SNDX ( PT, 3) 
IF PT < > 0 THEN GOTO 1990 
GOSUB 2240 
IF D = 3 THEN GOTO 216 0 
IF D = 1 THEN GOTO 2070 
GOTO 2 000 
D = 2 
GOSUB 2170 
D = 0 
PT = SNDX ( PT, 1 ) 
GOTO 1990 
RETURN 
REM ************************************************** 
REM SUBROUTINE PUSH-STACK 
REM ************************************************** 
LST = LST + 1 
STACK(LST,1) = PT 
STACK(LST,2) = D 
RETURN 
REM ************************************************** 
REM SUBROUTINE PUSH-STACK 
REM ************************************************** 
IF LST = 0 THEN GOTO 23 20 
?:' = STACK ( LST, 1) 
D = STACK ( LST, 2) 



2300 
2310 
23 20 
2330 
2335 
23 40 
2350 
2360 
2370 
23 80 
23 90 
2400 
2405 
2410 
2420 
243 0 
2435 
2440 
2450 
2460 
2470 
2480 
2490 
2500 
2510 
2520 
253 0 
2540 
2545 
2550 
2555 
2558 
2560 
2570 
2580 
2585 
2587 
2590 
26 00 
2610 
26 20 

LST = LST - 1 
GOTO 2330 
D = 3 
RETURN 
REM 
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REM ************************************************** 
REM SUBROUTINE PRINT MID-SEMESTER GRADES 
REM ************************************************** 
HOME : PRINT 
PRINT "MID-SEHSESTER GRADES FOR STUDENT: ";NUMB 
PRINT : PRINT 
PRINT "PER" ;TAB( 8) ; "CLASS" ;TAB( 16); nTEA"; TAB( 22); 
PRINT "RM"; TAB ( 27) ; "GR"; TAB { 3 2) ; ncoM" 
FOR I = 1 TO 7 
PRINT 
PRINT TAB( 1)I; TAB( 9)SCHD(I); TAB( 16)TCH(I); 
PRINT TAB( 22) RM(I); TAB( 27) GMT (I); TAB( 32) CMT(I) 
NEXT I 
PRINT : PRINT 
INPUT "PRESS RETURN TO CONTINUE: ";ZZ$ 
RETURN 
REM ************************************************** 
REM SUBROUTINE TO PRINT FINIAL-GRADES 
REM ************************************************** 
HOME : PRINT 
PRINT "FINIAL GRADES FOR STUDENT: ";NUMB 
PRINT : PRINT 
PRINT TAB( 22) "MID"; TAB( 26) "MID"; TAB{ 33) "FIN"; 
PRINT TAB ( 3 8) "FIN" 
PRINT "PER"; TAB( 6) "CLASS"; TAB( 13) "TEA"; TAB( 18) 
PRINT "RM";TAB( 22) "GR"; TAB( 26) "COM"; TAB( 33) "GR"; 
PRINT TAB ( 3 8) "COM" 
FOR I = 1 TO 7 
PRINT 
PRINT TAB( 2)I; TAB{ 7)SCHD(I); TAB( 13)TCH(I); 
PRI T TAB( 18)RM(I); TAB( 22)GMT(I); TAB( 27)Cr1T(I); 
PRINT TAB ( 3 3 ) GF ( I ) ; TAB ( 3 9 ) C F ( I ) 
NEXT I 
PRINT : PRINT 
INPOT "PRESS RE'IURN TO CONTINUE: ";ZZ$ 

RETURN 



APPENDIX H 

PROGHAt1 RETRIEVE CLASS LISTS LISTING 

100 REI PROGRAM TO RETREIVE CLASS LIST 
110 RE~I 

120 DIM CINDX(500,4) 
130 DIM TINDX(50,4) 
140 DIM I ;. FO(S) 
150 DIM LST ( 35) 
16 0 Dil1 STACK ( 150,2) 
17 0 DI 1 ODR ( 150) 
180 D$ = CHR$ (4) 
190 GOSUB 4 40 
200 GOSUB 5 40 
210 HO ffi : PRINT : PRINT 
220 PRI T "THIS PROGRAM v7ILL FIND CLASS LIST FOR:" 
23 0 P INT : PRINT 
240 PRI T "1 ••.•• CLASS LIST (ONE CLASS) 
250 PRI T : PRINT 
26 0 PRI T "2 ••••• CLASS LISTS (ONE TEACHER)" 
27 0 PRI T : PRINT 
280 PRI T "3 ••••• CLASS LISTS (ALL CLASSES) ! t 

290 P I T : PRINT 
3 0 0 P R I T " 4 ••••• TO EX I T PR OG RAH " 
310 PRI T : PRINT 
3 2 0 P I T : PR I T 
330 I PUT 11 THE U iBER OF YOUR CHOICE" ;ANS 
3 0 I F A 1S = 1 THEN GOSUB 670 
350 IF A S = 2 THEN GOSUB 820 
360 IF . S = 3 THE J GOSUB 1160 
3 7 0 I F l S = 4 THE ~ G OTO 3 90 
380 GOTO 210 
3 90 RE 1 EXIT PROGRAZ,1 AND RUN MENU 
400 PRI T D$ ; "RON IE lU,Dl" 
410 .E1 *************************************************** 
420 RE S BROUTINE READ TEACHER I NDEX 
30 ,E *************************************************** 

4 0 PRI T D$; "OPE TEACHER- INDEX, D2 
11 

450 PRI T D$;" EAD TEACHER- INDEX" 
46 0 I. PUT TEA: I JPUT Sl P: I NPUT KOBAL 
4 7 0 I = 0 THE G OTO 52 0 
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480 FOR I = 1 TO NTEA 
4 9 0 F 0 R J = 1 TO 4 
500 INPUT TINDX (I, J) 
51 0 NEXT J : NEXT I 
520 PRINT D$;"CLOSE TEACHER-INDEX" 
530 RETURN 
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540 REM *************************************************** 
550 REM SUBROUTINE TO READ CLASS-INDEX 
560 REM *************************************************** 
570 PRINT D$; "OPEN CLASS-INDEX" 
580 PRINT D$; "READ CLASS-INDEX" 
590 INPUT NCLASS: INPUT S2 P: INPUT OCBAL 
600 IF NCLASS = 0 THEN GOTO 6 50 
610 FOR I = 1 TO NCLASS 
6 2 0 F 0 R J = 1 TO 4 
630 INPUT CINDX(I,J) 
640 NEXT J: NEXT I 
650 PRI T D$; "CLOSE CLASS-INDEX" 
660 RETURN 
670 REM *************************************************** 
680 REM SUBROUTINE FOR CLASS 
690 REM *************************************************** 
7 0 0 HOME : PRINT : PRINT 
710 INPUT "CLASS NUMBER: ";NUMB 
720 PT = S2P 
730 GOSUB 1860 
7 40 IF FLAG = 1 THEN GOTO 7 80 
7 50 GOSUB 147 0 
760 GOSUB 1710 
770 GOTO 810 
7 80 PRINT : PRINT PRINT "CLASS IS NOT IN THE DATA BASE" 
790 FLAG = 0 
800 PRINT :PRINT 
850 I PUT "PRESS THE RETURN KEY TO CONTINUE:";ZZ$ 
810 RETURN 
820 REM ***** ********************************************** 
83 0 REM TEACHER SUBROUTINE 
840 REM *************************************************** 
850 HOME : PRINT : PRINT 
860 PRINT "ENTER TEACHER NUMBER" 
87 0 PRINT : PRINT : INPUT NUMB 
880 PT = SlP 
890 IF PT = 0 TEEN GOTO 1110 
900 IF NUMB < TINDX ( PT, 2) THEN IK = 1 
910 IF NU ~ > TINDX(PT, 2) THEN IK = 3 
920 IF Ur1B = TINDX ( PT, 2) THEN 950 



930 
940 
950 
960 
970 
980 
990 
1000 
1 010 
1020 
1030 
1040 
1 050 
106 0 
1 07 0 
1080 
1090 
1 1 00 
1110 
1120 
1 130 
1 140 
1 150 
1160 
1170 
11 80 
1190 
1 200 
121 0 
12 20 
1 23 0 
1 240 
1250 
1260 
127 0 
12 80 
12 90 
1300 
1310 
132 0 
1330 
1340 
1350 
13 6 0 
1370 
13 80 

3 90 

PT = TINDX (PT, IK) 
GOTO 890 
REC = TINDX(PT,4) 
PRINT D$;"0PEN TEACHER-SCHEDULE,L31" 
FOR I = 1 TO 7 
BYT = 3 + ( I - 1) * 4 
PRINT D$; "READ TEACHER-SCHEDULE,R";REC;",B";BYT 

INPUT SCHD ( I) 
NEXT I 
FOR JJ = 1 TO 7 
PT = S2P 
NUMB = SCHD ( J J) 
IF NUMB = 999 THEN GOTO 1090 
GOSUB 1860 
GOSOB 147 0 
GOSUB 1710 
NEXT JJ 
GOTO 1150 
PRI NT : PRINT : PRINT 
PRI NT " TEACHER IS NOT IN THE DATA BASE" 
PRI NT : PRINT 
I NPUT "PRESS THE RETORN KEY TO CONTINUE: "; ZZ $ 
RETURN 
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REM ************************************************** 
REr-1 PROCESS ALL TEACERS-ALL CLASSES 
REM ************************************************** 
I F NT EA = 0 THEN GOTO 1390 
GOSUB 1990 
FOR IJ = 1 TO NTEA 
PRINT D$;"0PEN TEACHER-SCHEDULE,L31" 
FO R IK = 1 TO 7 
BYT = 3 + ( I K - 1) * 4 
PR I T D$; "READ TEACHER-SCHEDULE, R" ;ODR( IJ) ; ", B"; BYT 
INPUT SCHD ( IK) 
NEXT I K 
PT = S2P 
FOR J = 1 TO 7 
NOMB = S CHD (J) 
IF NUMB = 999 THE N GOTO 1350 
GOSUB 186 0 
GOSUB 1 470 
GOSUB 1 71 0 
NEXT J 

EXT IJ 
PRI T D$;"CLOS E TEACHER-SCHEDULE" 
GOTO _450 
HOME : PRINT : PRI NT : PRI NT 



1400 
1410 
1420 
1430 
1440 
1450 
1460 
1 470 
1 4 80 
1 4 90 
1 500 
1510 
15 20 
153 0 
1540 
1550 
1 560 
1 570 
1 580 
1590 
16 00 
1610 
16 20 
1630 
16 40 
1 6 50 
166 0 
1670 
16 80 
1 6 90 
17 00 
17 1 0 
17 20 
173 0 
17 40 
17 50 
17 55 
17 60 
177 0 
1773 
17 7 5 
17 80 
17 90 
1800 
1810 
1 820 
183 0 

PRINT "THE TEACHER INDEX HAS NOT BEEN BIULD" 
PRINT : PRINT : PRINT 
PRINT "BUILD TEACHER-INDEX USING BUILD PROGRAM. 
PRINT : PRINT : PRINT 
INPUT "PRnESS RETURN TO CONTINUE "; ZZ $ 
RETURN 
D$ = CHR$ ( 4) 
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REM ************************************************** 
REM SUBROUTINE TO READ CLASS RECORD 
REM ************************************************* 
PRINT D$; "OPEN CLASS-INFO,L225" 
PRINT D$; "READ CLASS- INFO, R"; REC; ", BO" 
INPUT INFO ( 1) 
PRI NT D$; "READ CLASS-INFO,R" ;REC; ",B4" 
INPUT INFO ( 2) 
PRI NT D$; "READ CLASS-INFO,R" ;REC; ",B7" 
INPUT INFO ( 3) 
PRI NT D$; "READ CLASS- INFO, R"; REC; ", B9" 
INPUT INFO ( 4) 
PRINT D$; "READ CLASS-INFO,R" ;REC; ",B12" 
I NP UT INFO ( 5) 
IF INFO(S) = 0 THEN GOTO 1670 
FOR I = 1 TO INFO ( 5) 
BYT = 15 + (I - 1) * 6 
PRINT D$; "READ CLASS- INFO, R"; REC; ", B"; BYT 
I NPUT LST (I) 
NEXT I 
PRINT D$; "CLOSE" 
GOTO 1 7 00 
FLAG = 1 
RETU RN 
REM ************************************************** 
REM DI SPLAY SUBROUTINE 
REM ************************************************** 
HOiw!E 
PR I .. "" T "CLASS"; TAB ( 9) "TEACHER"; TAB( 19) "PERIOD" i 
PRI_ T TAB ( 2 8) "RM#"; TAB ( 3 4) "CSI ZE" 
PRI T : PRI NT 
PR I -T TAB( 1) INF O (1 ) ; TAB( 11) INF0(2); 
PRI T TAB( 21)INF0(3); 
PRINT TAB( 28)INF0(4); TAB( 35) INFO(S) 
PRINT : PRINT 
IF I F0(5) = 0 TH EN GOTO 1840 
F 0 R I = 1 TO INFO ( 5) 
PRINT LST( I) 
NEXT I 
PRI T : PRINT 



1840 
1850 
1860 
1870 
1880 
1890 
1900 
1910 
1920 
1930 
1940 
1950 
1960 
1970 
1980 
1990 
2000 
2010 
2020 
2030 
2040 
2050 
206 0 
2070 
20 80 
2090 
2100 
2110 
2120 
2130 
2140 
2150 
2160 
217 0 
2180 
2190 
2200 
2210 
2220 
2230 
2240 
2250 
2260 
227 0 
2280 
2290 
2300 
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INPUT "PRESS THE RETURN KEY TO CONTINUE: ";ZZ$ 
RETURN 
REM ************************************************** 
REM SUBROUTINE TO FIND RECORD NUMBER" 
REM ************************************************** 
IF PT = 0 THEN GOTO 1950 
IF NUMB < CINDX(PT,2) THEN IK = 1 
IF NUMB > CINDX(PT,2) THEN IK = 3 
IF NUMB = CINDX(PT!2) THEN 1970 
PT = CINDX (PT, IK) 
GOTO 1890 
REM NUMB IS NOT IN INDEX 
FLAG = 1 
REC = CI NDX ( FT, 4) 
RETURN 
REM ************************************************** 
REM SUBROUTINE IN ORDER 
REM ************************************************** 
LS T = 0 : PT = S 1 P 
IF TINDX(PT,l) < > 0 THEN GOTO 2190 
PRINT PT 
IY = IY + 1 
ODR( IY) = TINDX (PT, 4) 
PRINT ODR ( IY) , IY 
D = 1 
REM POST THE STACK 
GOSUB 2270 
D = 0 
PT = TIN D X ( PT , 3 ) 
IF PT < > 0 THEN GOTO 203 0 
REM POOP THE STACK 
GOSUB 2340 
IF D = 3 THEN GOTO 2240 
IF D = 1 THEN GOTO 2140 
GOTO 2050 
D = 2 
GOSUB 2270 
D = 0 
PT = TINDX ( PT, 1) 
GOTO 2030 
FOR KK = 1 TO 7 
PRINT ODR(KK ) ; 
NEXT KK 
REM ************************************************** 
REM SUBROUTINE PUSH 
REM ************************************************** 
LST = LST + 1 



2310 
2320 
2330 
23 40 
2350 
2360 
2370 
23 80 
23 90 
2400 
2410 
2420 
243 0 

STACK(LST,l) = PT 
STACK(LST,2) = D 
RETURN 
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REM ************************************************** 
RE~l SUBROUTINE POP 
REM ************************************************** 
IF LST = 0 THEN GOTO 2420 
PT = STACK ( LST, 1) 
D = STACK ( LST, 2) 
LST = LST - 1 
GOTO 243 0 
D = 3 
RETURN 
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