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CHAPTER I

INTRODUCTION



The report deals with the implementation of a prototype interactive
database management system for the College of Arts and Sciences. The goal of
this report is to provide a demonstration system using the interactive
language APL, because of the low cost, ease of use and availability.

At present the University Data Processing Center provides the office
of the dean with two copies of the annual budget report. One of these copies
is kept in the dean's office, while the other one is separated and sent to
the respective departments. There are a total of 24 departments in the
‘College of Arts and Sciences. The listing of each department consists of
the names of faculty, staff, their salaries, service record, allocated
dollars, free dollars, allocated tenths, free tenths, social security number,
etc. All éhanges in this huge list are made by hand and old information is
scratched by pencil. The respective changes are made in the dean's copy as
well as in the individual department's copy at the same time by two different
people and this could lead to serious discrepancies. The errors may occur
in both copies and can go undetected for a long period of time. They may be
caught at the end of the fiscal year. Tracing of all such errors can be
very time consuming and-frustrating.

The main idea of this report is to design and implement a prototype
interactive system which demonstrates the possibility of maintaining such a
database using an interactive system. The system by no means solves all the
problems of maintenance faced by the dean's office.

The system has been programmed, tested aﬁd tried by several people,
program listings are available from the Department of Computer Science. A
separate project [4] has been developed in the department which would on

production basis more or less solve all the problems faced by the dean's



office. The system was developed using COBOL and IDMS., It is a conventional
batch system rather than being interactive. "I'his batch system manipulates
and provides more detailed information as compared to the interactive system
-discussed in this report. Some of the additional information handled by the
batch system as opposed to the interactive system is employee's present

address, sex of an employee, retirement plan, accumulated service salary,

FICA, etc.



CHAPTER II

READER'S GUIDE



The report has been organized essentially as described below. The

sections below deal with the general information, recommended for study by

the novice user and technical information to be read by computer science

personnel and programmers in particular,

1,

S.

General Overview Discussion:

This section gives an overview narrative of the system. The system
has been described in very broad terms and should be readable by all
novice users. |
Pfinciples of Interactive Systems - (concepts):

Prime objectives of interactive systems have been discussed, which
all good interactive systems should have. The concepts have ﬁeen
described in general, readable by all novice users. -

System Evaluation:

The system has been evaluated regarding its limitations concerning
the programmer and the user in general. The user limitations have been
discussed from the problem view point (functional limitations).

General User Information:

The system has been described, in terms of the different commands
which the user might use, in order to update or interrogate the infor-
mation in the database., A general flow of the system has been shown,
using proper system commands whichlare executed, to do the work. Work-
space orgahization has also been discussed in general, along with the
procedure to correct mistakes and information input procedure.

Appendix I - (Execution examples):
Appendix I includes all the execution examples of the user commands.

Each command has been executed a number of times to show the successful



and unsuccessful executions of a single command. Commands have been executed
by using long and short names interchangeably.
System commands have been executed and their effect has been shown,

at the very end of the Appendix,



1, GENERAL OVERVIEW DISCUSSION

The prototype demonstrates interactive data maintenance. Figures 1
and 2 show an overview of this system as well as the relatqd conventional
batch system.

This prototype is designed to meet the demand for fast and easy
retrieval of information and for maintenance of transactions as compared to
a batch system. The system of this type may be a little bit more expensive
‘as far as running and actual usage is concerned. One of the factors which
increases the running cost is the keying time, which is not a part of the
conventional batch system.* (A batch syétem is one that collects user queries
and maintenance transactions and runs them collectively,) For system users,
this may be the potential to produce a long wait for results. In order to
feduce wait time and inconvenience, the interactive prototype was desighed.
The interactive system eliminates the wait for a batch to be processed. A
query is submitted directly to the system through an online terminal,
Searching, deletions or maintenance can begin immediately. The user can

display information, add an entry or delete an entry at any convenient time.

*Another factor is the higher cost for CPU time, because of the CPU rate,
which is higher for high priority users, such as interactive users.
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2. PRINCIPLES OF INTERACTIVE SYSTEMS

Some of the major principles for interactive systems are summarized

below; these are the general principles which such systems should achieve

(although not all interactive systems have these features).

i.

ii.

iii.

iv.

V.

No Catastrophic Errors:

The user in an interactive system should have no chances
to Bring the whole system down. Of course, this also is a
general principle for design of good programs.

Error Messages: '

If an error is made, an understandable message should be
output by the system, indicating exactly where the error occurred
so that corrections may be made right at that time.

DESCRIBE function:

The system should be provided with a general information
function DESCRIBE. The function should provide vital informa-
tion regarding different commands and their short names.

Try Again:

If an error message is reported to the user, the system
should allow the user to rectify the error and ccontinue without
restarting the whole computation.

Reéovery:.

If, by accident, some needed and useful information is
deleted, then recovery shduld be made easier by printing all
information before deletion or by requesting confirmation before

deleting large quantities of data.
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vi, Prompting:

The user when working with an interactive system should

always be prompted by the system response.
vii, Order of Action:

The sequence of action of the user is not fixed; he can

enter any commands as he wishes depending upon the task to be
performed.

viii. Minimum Response Time:

The system should have a low response time. Otheﬁise, a
periodic echo check of a standard waiting message should be

-made so as to keep the user prompted.
ix, 'Short Names:

Highly interactive systems should have relatively short

names for the user commands, else the keying time can become
very significant.

x., Cost & Usage Measures:

The user should have some measures regarding the amount of

—=gore being used, cost of execution, connect time, etc. Such

-information can be -gatheréd by the use of I-beam functionms,

{provided by APL/360) [1], [2].
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3. SYSTEM EVALUATION

The prototype has been evaluated in terms of shortcomings which do
exist, due to serious limitations as imposed by this version of APL/360 at
_ ﬁU. These limitations have been categorized and discussed separately.
Some unique advantages which APL/360 offers as an interactive and array

oriented language have also been discussed.

Limitations: There are 3 types of limitations, the functional limitations,

-external limitations, and internal limitatioms.

Punctional Limitations: The prototype does not implement all the maintenance

facilities, but rather points out the different advantages, which interactive
systems of such types can offer. The system in particular does not implement
extensive communication between the Employee record and Department record
structure. The system also does not keep track of the source of dollars,
detail about employees' retirement plan, FICA paid by the employee, type

of fund, etc., in contrast to conventional batch system.

External Limitations:

i. APL/360 has no easy formatting facilities, FMI' function is
available but it is too slow and expensive; major formatting problems were
solved by using blank character strings and integer numbers.

ii. Practional -and whole numbers cannot be mixed, therefore
salaries and other dollar figures are in pennigs.

iii, Size of the workspace is a very serious limitation, and is the
only reason for using two separate workspaces to store the two structures

and associated functions separately,
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iv. Limited communication has been implemented between the two
workspaces EMPREC and‘DEPREC, only to demonstrate the possibility of commu-

nication.

Internal Limitations:

i. APL is an array oriented language, therefore structures as shown
in the Database Structures section are not used, rather a character matrix
was manipulated along with a numeric matrix to obtain the structures as
shown, | |

ii. String entities are not available, to get around this problem
we have character vectors which are restructured, so as to look like strings.
iii. APL/360 is a highly functional language., Some programs are

hard to read and understand.

Advantages: APL/360 has some unique advantages as a high level interactive
language.

i. APL/360 being a functional language provides its users with
assorted built-in functions, which greatly reduce the size of the programs,
of course at the cost of readability of the programs,

ii. Extensive edit facilities are available to the user entering
information from the terminal.
iii, Signing-on for APL/360 is.very simple as shown in SIGN-ON and
SIGN-OFF example in Appendix I,
iv. Development costs as compared to the batch system were

drastically lower; for figures refer to Conclusions,



14

4, GENERAL USER INFORMATION

It is assumed that in a system as this, the user is not expected to
know all the technicalldetails of the system. His requests are simple and
implemented through a small number of simple commands.

The system is composed of two.files or individual workspaces; each
workspace has its own groupings of records according to some predefined
problem specification. All records in each of these workspaces are stored
~in alphabetic order. Workspaces hﬁve their own functions which manipulate
the associated data, The name of each function is a simple command, which
a user can use according to his needs. The names of all the commands are
listed in the USER MANUAL (Appendix I) and in Tables 1 and 2 (pages 19-20).

Almost all user commands have two separate names for activating them.
A long name usually relates to the process performed by the command, for
example |

) PRINTALL Prints all the entries in the structure

ADD Adds new entries to the structuré

Short names are just the shortened forms of long names: for the above two

cases we have PRTALL and ADD, DESCRIBE function lists out all the command

names and their short forms.

Use of Commands and Input of Data

In ord;r to use any command, the user must type the long or short
name of the command (as given by the DESCRIBE function). On typing the name,
the system would respond back by putting out a message indicating to the user
the type of information needed for further execution.

| Any time numeric input is expected from the user, a symbol O: is

~ output by the system; in case of character input the system merely waits
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for the response. In case of simple inputs no headings are put out for user
help. However, in case of more complex user responses, proper labels are
output before waiting for the response. This helps the user in inputting the
correct response. The user, after typing in the correct response, must hit
the RETURN key, in order to indicate the system that input sequence has been
completed and further execution of the command may be carried on. For

detailed examples on use of commands and input of data refer to Appendix I.

How to Correct Typing Errors

System APL/360 provides the users with a very handy correction facility,
to correct all mistakes made while keying. If at any point during input,
before a RETURN gey is hit, you recognize a wrong character(s), then backup -
uith the help of BACK SPACE key on the keyboard to the point where you made
the mistake. Now hit the ATTENTION key, wait for the attention character to

print, then resume your normal keying from this point of correction.

General Workspace Information and Sequence Flow

There are two information structures namely Employee record and
Department record. Both these information structures reside in different
-workspace areas. The nature of information stored in Employee record work-
space (EMPREC) is indirectly related to the Department record workspace
(DEPREC) . Therefore each time we update ihe employee information, we have
to keep track of all changes and at the conclusion of several employee updates
‘must upd#te the Department record entries, to be consistent with the updated
Employee record information,

Each workspace has a maximum capacity of 32K bytes of storage, which

is a system APL/360 implementation restriction of this version at KSU.
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The two information structures collectively with their associated functions
take up 44 K bytes (assuming each strur:tufe not having more than 12 entries).
The above figures dictate that two separate workspaces must be used in order
to fit everything in the restricted workspace and at the same time leave
ample space to store intermediate results at execution time. (This problem
would be eliminated by the installation of the new version of APL in the

coming Fall),

Example SEQUENCE

The flowchart of Tabie 1 illustrates the general sequence flow which
8 novice user probably would follow in order to do certain updates or queries
concerning employee or department recoxrds.

A stepwise explanation of the flowchart has been given below. The
user signs-on to the system as shown in the SIGN-ON procedure in Appendix I
using his APL account number. If the user is using the system for the first
time, then it becomes necessary to go throﬁgh the initialization procedure,
which initializes the database. Before executing the INITIALIZE function all
functions must be loaded into the adﬁve workspace, from the Employee record
workspace (EMPREC). In case of o1d users, after loading the Employee record
workspace "")LOAD EMPREC" the INITIALIZE function must not be executed.

Before performing any updates, department record information is copied
- into the active workspace by using the system command ')COPY DEPREC'. Now
wWe are re#dy to perform employee updates; a number of updates or queries can
be performed; on completion of all updates and queries we execute the UPDATE
function to make the department information consistent with the updated
employee information.

After we are finished with all updates concerning employee records,

‘we save the Employee record information by the use of a system command
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~ )COPY DEPREC DREC | EXECUIE
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JLOAD DEPREC ) SAVE ' DEPREC
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JCOPY EMPREC DREC :
)SAVE DEPREC P
Figure 3

SEQUENCE FLOWCHART
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"")SAVE EMPREC."

In oxrder to transfer the updatéd file (DREC) back to the Department
record workspace we load the active workspace with the Department record
workspace ')LOAD DEPREC.'" Now, to transfer the updated inforﬁation into this
workspace we execute a COPY command ')COPY EMPREC DREC." lNote if this copy
operation is not performed the Department record information would not be
consistent with the current employee records, though an updated copy would
exist in the EMPREC workspace.

At this point in tims, we can sign-off as shown in Appendix I or we
can follow the dotted path of flowchart Figure 3 and repeat the above cycle
again or load the Department record workspace, perform updates and queries,

save the workspace and sign-off, or reiterate through the whole process.
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LIST OF EMPLOYEE RECORD FUNCTIONS

FUNCTION
DESCRIBE
PRINTALL
TOTALS
PRINTSEL
PRINTLINE
CODES
DELETE
INITIALIZE
UPDATE
ADD

ALTER
INSERT
CHANGE
HEADING
ARRANGE
DATE

NAME

P &

LW

Table 1

QUERY.

DATA BASE UPDATE

INTERNAL

19
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LIST OF DEPARTMENT RECORD FUNCTIONS

FUNCTION
DESCRIBE
DPRINTALL
DTOTALS

I 4

DPRINTSEL
DPRINTLINE
DCODES
DCHANGE
DDELETE >

DINITIALIZE
HEADING
ARRANGE

Table 2

NAME

QUERY

DATA BASE UPDATE

INTERNAL
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CHAPTER III

DATABASE STRUCTURES
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STRUCTURES :

The whole infofmation has been divided into two main structures,
namely

i. Employee Record Structure

ii. Department Record Structure.

Each of the above structures have been diagrammed to give a better
understanding of the information structures.

A couple of entries have been‘shown in each of these structures to

show how the coded information looks.

SYSTEM INFORMATION:

The data structures store all information concerning an employee or a
department. Figures 4 and 5 show the physical appearance of the two respec-
tive data structures. Each field of the structure has been described on the

following pages.

EMPLOYEE RECORD:
In actuality the information structure is composed of two matrices,one
of them being the character matrix, which holds all the employee names, while

the other is the integer number matrix holding all the numeric information.
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Description of Fields of Employee Record

Name

Social Security Number
Rank

Position
Period

Annual Tenths
Annual Salary
Dept Code
Budget

Fund Code
Date 1

Date 2

Name of the employee

Social Security Number of the employee

One digit specifying the rank of the employee
Classified = 1, Unclassified = 2

Salary spread period (9 or 12 months)

Number of tenths of appointment.

- Salary Total annual rate in pennies

Code of the employer department
Annual Budget for the Employee
Not used

Beginning date

Contract termination date
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DEPARTMENT RECORD:

The informatim:t structure stores all related information concerning
a certain department which is in the College of Arfs and Sciences.

In actuality, the structure consists of two matrices ohe of them
being the character matrix, which holds all the different names of depart-
ments, while the other is the integer matrix holding ail the numeric

information concerning the departments.
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Description of Department Record Fields

Department Name

Department Code

Loaned Tenths
Allocated Dollars
Assigned Dollars
Allocated Tenths
Assigned Tenths

Free Tenths

" Name of the Department

2 digit unique code which identifies
the department

Tenths loaned out by the department

Total annual allocation of money in pennies
Total annual assigned monéy in pennies
Total allocated tenths

Total assigned tenths

Unused tenths within a department
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AUXI:

The information structure stores all related information concerning
department updates which become necessary during the process of Employeé
record updates and additions. The structure is common to the two workspaces
and serves as the basis for communication.

( The AUXI structure consists of a n x 3 matrix as shown on the next

page. It contains only numeric information concerning a department,

regarding changes in assigned tenths and dollars,



AUXI STRUCTURE WITH SAMPLE ENTRIES
CHANGE IN CHANGE IN
DEPARTMENT CODE ASSIG. TENTHS ASSIG. DOLLARS
18 -4 -416500
6 -2 -221300
9 0 -14465
BYTE STRUCTURE OF AUXI
AUXI [n;3]
A
P
CHANGE IN CHANGE IN

DEPARTMENT CODE

ASSIGNED TENTHS

ASSIGNED DOLLARS

I\

J\.

v
4 BYTES

-
4 BYTES

Figure 8

.
4 BYTES
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Description of AUXI Fields

Department code
Change in assigned tenths

Change in assigned dollars

Numeric code identifying the department
uniquely

Increase or decrease in the assigned
tenths figure of a department

Increase or decrease in the assigned
money figure of a department, in pennies
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LIST OF EMPLOYEE RECORD FUNCTIONS

FUNCTION NAME PAGE
DESCRIBE 37
CODES 38
PRINTALL 39
TOTALS 40
PRINTSEL 41
PRINTLINE 42
INITIALIZE 43
DELETE 44
ALTER 45
ADD 47
UPDATE 48
INSERT 49
CHANGE 50
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All functions have been described in the same manner. Information has
been divided into different groups.

USER INFORMATION groups all the information which a novice user may
need. Calling form is the name or names by which the command may be called.
User response lists the first typical response which the function may expect
from the user; all the responses have not been listed due to the possibility
of large combinations., The output response title indicates the expected or
unexpected output. The function paragraph defines the basic purpose of the
command along with some of the important requirements and characteristics of
the function. |

PROGRAM INFORMATION groups information important from the programmer's
point of view. This information is not recommended for reading by the novice
user, Parametric inputs, variable outputs, global variabies and sub-functions
invoked have been listed,

Figure 9 shows the difference between user inputs and outputs from
programming point of view., The column numbers are an important input response
during most function executions, which are shown in Figure 4 and Figure 6 for

Employee record structure and Department record structure, respectively.
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VARIABLE INPUTS & OUTPUTS

(PROGRAM INFORMATION)
|

FUNCTION

TERMINAL INPUTS & OUTPUTS

(USER INFORMATION)

Figure 9
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DESCRIBE

USER INFORMATION:

1) Calling form: DESCRIBE

2) User Response: None

3) Output Response: One line description of each function present
within that work space along with the short name.

4) Function: The describe function is a helper function and is designed
to help beginner users who need primary information on the type of
functions which are at his disposal. One line description of each

user funciton is given.

PROGRAM INFORMATION:
1) Inputs: None
2) Outputs: None
3) Global Variables: None

4)- Sub-functions Invoked: None
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CODES

USER INFORMATION:
1) Calling Form: CODES
2) User Response: None
3) Output Response: Complete explanation of all short names used in
labeling the output,
4) Function: The function was implemented to provide the user with
general information, regarding labels used in outputs produced by

different functions.

| PROGRAM INFORMATION:

1) Inputs: None

2) Outputs: None

3) Global Variables: None

4) Sub-functions Invoked: None
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PRINTALL

USER INFORMATION:

1) Calling Forms: PRINTALL or PRTALL

2) User Response: Input Column Values between 1 § 11 or type ALL.

3) Output Response: Complete listing of all employee entries, each
having the specified columns, as input by the user, or error
message indicating wrong column values as input.

4) Function: The PRINTALL function has been designed to provide the
user with a facility that permits him to print out the complete
employee record. The user has the choice of colums which he
needs to get printed. If the user does not insert column values
between 1 § 11 separated by blanks, then an appropriate error

message is printed out and function comes to halt.

PROGRAM INFORMATION:
| 1) Inputs: None
2) Outputs: None
3) Global Variables: EREC
COL
NAME

4) Sub-functions Invoked: HEADING
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TOTALS

USER INFORMATION:

1) Calling Forms: TOTALS or TOTS

2) User Response: Input Column Values between 1 § 11 or type ALL.

3) Output Response: Totals of all legal columns as input by the user,
or an error message indicating wrong colum values.

4) Function: The totals function has been designed to provide the user
with useful totals. All totals when printed are appropriately
labeled; money totals are in pennies. There are certain columns
over which the totals are not available, such columns within the
range of 1 to 11 if provided as input would be automatically
masked out by the function, However, if the calumns are not within
the range of 1 to 11, then an error message is printed out and

function comes to halt.

PROGRAM INFORMATION:
1) Inputs: None
2) Outputs: None
3) Global Variables: EREC
oL

4) Sub-functions Invoked: None
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PRINTSEL

USER INFORMATION:
1) Calling Forms: PRINTSEL or PRTSEL
2) User Response: (i) Input colum Values between 1 & 1l separated
by blanks or type ALL. J
(ii) Input selection condition

3) Output Response: All employee entries fulfilling the selection
condition are printed, or a message indicating no one entry
fulfills the given condition, |

4) Function: The function has been implemented to provide the user
with full control over printing. The entries when printed would
include only those c;lumns as specified by the user. Qefore
printing starts all columns to be printed are appropriately
labeled. If the given user condition is not satisfied by any

entry then a message indicating this is printed.

PROGRAM INFORMATION:
1) Inputs: None
2) Outputs: None
3) Global Variables: EREC
COL
NAME

4) Sub-functions Invoked: HEADING
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PRINTLINE

USER INFORMATION:

1) Calling Forms: PRINTLINE or PRTIN

2)

3

4)

User Response: Input the social security of the employee whose
information is to be printed.

Output Response: Complete entry of the employee whose social
security was input is printed, or a message indicating no such
social security number exists,

Function: The function was implemented to provide the user with

a single selection entry facility for printing. The entry when
printed is appropriately labeled so as to indicate the meaning of
different columns, If the given social security number is not

found, then an appropriate message indicating so is printed out.

PROGRAM INFORMATION:

1
2)
3

4)

Inputs: None

Outputs: None

Global Variables: EREC
COL
NAME

Sub-functions Invoked: HEADING
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INITIALIZE

USER INFORMATION:
1) Calling Forms: INITIALIZE
2) User Response: Enter the name of the employee whose entry is to be

inserted. The INITIALIZE function is to be only called when a new

data structure employee record is to be created.

3) Normal Output Response: Echo check of the first employee entry
which was inserted, or an error message indicating incomplete
information insertion.

4) Function: The function was designed to provide the user with a
command which would provide an easy starting, énd initializing

of the data base.

PROGRAM INFORMATION:

1) Inputs: None
2) Outputs: EREC
NAME
AUXI

3) Global Variables: EREC

NAME

AUXI

. 4)lSub-functions Invoked: ADD

DELETE
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NELETE

USER INFORMATION:

1)
2)

3)

4)

Calling Forms: DELETE or DEL

User Response: Input the social security of the employee whose
information is to be deleted, and date as specified.

Normal Qutput Response: A message indicating that the entry has
been deleted, along with the deleted entry as output or a message
indicating entry to be déleted not found.

Function: The delete function was designed to implement the
deletion of unwanted information from the employee record infor-
mation structure. Social security'nuq%er of an employee is input
to identify the entry to be deleted. The function responses back
by indicating that the entry has been deleted and also outputs the
deleted entry. In case the entry is not found which was to be
deleted, then in such a case a message indicating this fact is
output. All information effecting Department record is stored in

AUXI at deletion time.

PROGRAM INFORMATION:

1) Inputs: None

2)

Qutputs: AUXI

3) Global Variables: EREC

CoL
NAME
AUXI

4) Sub-functions Invoked: HEADING

DATE- o G
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ALTER

USER INFORMATION:

1) Calling Forms: ALTER or ALT

2) User Response: Insert the social security number of the employee
whose information is to be altered.

3) Output Response: Echo check of the old entry and the altered entry,
or an error message indicating wrong column selection, or an error
message indicating incomplete information, or an error message
indicating the entry to be updated not found.

4) Function: The function was designed to provide the user with the
facility of updating employee information, The function besides
updating the entry in the employee record structure also keeps
track of information by which a particular department may be
affected. All such information is stored in AUXI, where it is
processed by the UPDATE function. In case complete updating is
not performed by the user, an error message is output and function
comes to halt. The requested column selection should be between
1 and 11 iﬁclusive, colums 6 and 8 need not be altered by the
user since their values depend upon other columﬁs and the function

takes care of them,

PROGRAM INFORMATION:
1) Inputs: None

2) OQutputs: AUXI



3) Global Variables: EREC
' NAME
coL
AUXI
4) Sub-functions invoked: HEADING

DATE

46
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USER INFORMATION:
| 1) Calling Forms: ADD

2) User Response: (i) Enter the name of the employee, Last, First,
Middle, whose information is to be inserted. (ii) Insert the
complete information regarding the employee. Columns 6 and 8
need not be inserted (calculated by the function).

3) Normal Output:Response: Echo check of the employee entry which was
just inserted or message indicating incomplete information insertion.

4) Function: The function has been designed to provide the user with
the facility of inserting new employee entries. ADD calls the
ARRANGE function to find the exact location of insertion in alpha-
betic order. The function makes a check to see if complete infor-
mation was inserted or not. As the entry is being inserted in the
employee record structure, all necessary information relating to
the employee's department is stored in the aﬁxiliary storage array

AUXI,

PROGRAM INFORMATION:
1) Inputs: None
2) Outputs: AUXI
3) Global Variables: EREC
NAME
oL
AUXI
4) Sub-functions Invoked: ARRANGE
HEADING

DATE
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UPDATE

USER INFORMATION:

1) Calling Forms: UPDATE or UPD

2) User Response: None

3) Output Response: * * * and a list of system commands to be executed
or an error message indicating the absence of a department to be
updated.

4) Function: The function was implemented to perform all outstanding
updating which results from new or updated employee entries. The
function. takes information from AUXI, updates respéctive department
records accordingly. If the function does not find a department
which is to be updated, then an appropriate error message is output.
After updating is complete, a list of system commands is output

which are to be executed immediately.

PROGRAM INFORMATION:
‘ 1) Inputs: AUXI
2) Outputs: DREC
3) Global Variables: DREC
AUXI

4} Sub-functions: None
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INSERT

USER INFORMATION: .

1) Calling Forms: INSERT or INS

2) User Response: Insert the name of the employee whose information
is to be inserted.

3) Output Response: Echo check of the inserted entry or an error
message indicating incomplete information insertion.

4) Function: The function has been designed to provide the user with
the facility of inserting new employee entries. INSERT calls the
ARRANGE function to locate the correct position of insertion in
alphabetic order. The function checks to make sure if complete
information was inserted or not. If the inserted information is
incomplete, then an appropriate error message is output, indicating

the user to try again.

PROGRAM INFORMATION:
1) Inputs: None
2) Outputs: None
3) Global Variables: EREC
NAME
COL
4) Sub-functions Invoked: ARRANGE
HEADING
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CHANGE

USER INFORMATION:

1) Calling Forms: CHANGE or CHG

2) User Response: Input the social security number of the employee
whose information is to be changed.

3) Output Response: Complete information entry regarding the employee
is shown after updating has been performed or an error message
indicating incomplete information insertion,

4) Function: The change function was implemented to provide the user
with a general updating facility. Social security number of an
employee is input to identify the particular employee. Then the
appropriate column numbers are inserted which the user plans to
change. The function comes back and prints out the old information
and waits for new inputs. On receiving the new inputs it carries
on a number of validity checks. If the inputs are valid, then the
updated entry is printed else an appropriate error message is output

and function terminates.

PROGRAM INFORMATION:
1) Inputs: None
2) Outputs: None
3) Global Variables: EREC
NAME
COoL

4) Sub-functions Invoked: HEADING
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HEADING

USER INFORMATION:

1) Calling Forms: NOT TO BE CALLED BY USER.

2) User Response: None

3) Output Response: None

4) Function: The HEADING function was designed to provide the user
with a nice labeled output. A number of functions call the
HEADING function to produce labels before printing out the
required information, Complete label information is stored

as a character vector and used what is needed.

PROGRAM INFORMATION:
1) Inputs: None
2) Outputs: HEAD
3) Global Variables: COL

4) Sub-functions Invoked: None
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DATE

USER INFORMATION:

1) Calling Forms: NOT TO BE.CALLED BY USER.

2) User Response: None

3) Output Response: None

4) Function: The DATE function was designed to calculate the difference
in months, between two given dates in arregular fashion. The dates
which are input to the function should have days as 28, 31, 30 or 1,
since these are the only legal days of the month for hiring or
relieving an employee. The DATE function is invoked by the ADD

and ALTER functions,

PROGRAM INFORMATION:
1) Inputs: None
2) Outputs: MIHS, difference in months between DATE 1 and DATE 2 of
EMPREC structure entry;
3) Global Variables: EREC
MTHS

4) Sub-function Invoked: None
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ARRANGE

USER INFORMATION:

1) Calling Forms: NOT TO BE CALLED BY USER.

2) User Response: None

3) Output Response: None

4) Function: The ARRANGE function was designed to provide INSERT and
ADD functions, with the capability of‘entering all new entries in
the Employee record in an alphabetic order. ARRANGE function
simply looks at the first 5 characters of the last name of an
employee-and finds the correct location of insertion in the

Employee Record Structure,

PROGRAM INFORMATION:
1) Inputs: Name of the employee whose entry is tolbe inserted in
alphabetic order, in the Employee Record Structure.
2) Outputs: Integer number indicating the correct position of
insertion. (Index into the Empldyee Record Structure).
3) Global Variables: EREC
NAME
1 (Index returned to the INSERT function.)

4) Sub-functions Invoked: None
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Following is the complete listing of all the Department record functions.
Each functions' normal and short names have been listed. The page number
refers to an equivalent Employee record function whose purpose is exactly the

same for the Employee record structure,

LIST OF DEPARTMENT RECORD FUNCTIONS

FUNCTION NAME SHORT NAME PAGE
DESCRIBE DESCRIBE 37
DCODES DCODES 38
DPRINTALL DPALL 39
DTOTALS DTOTS 40
DPRINTSEL DPSEL 41
DPRINTLINE DPL 42
DINITIALIZE DINITIALIZE 43
DDELETE DDEL 44
DINSERT DIN 49
DCHANGE DCH 50
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All the Department record functions are similar to the Employee record
functions which have been described earlier in the report. Department record
structure as seen by the user has been shown on page 27 of this report.

The Calling Forms are similar to that of Employee record functions, a
list of all functions and their short names is given on page 56. The structure
has only seven columns, therefore column values inserted by the user should
ﬁlways be between 1 and 7 inclusive. All functions help the user by printing
out appropriate messages at appropriate times.

The Department record functions use three global variables, namely
DREC, DNAME and COL which store the numeric information of all departments,
the name of the departments and column values respectively. |

In real life situations the total number of entries in the Department
record would not be more than 25 as compared to Employee record, which may
have several thousand entries. Thus the comparaéive response time may be

 low in this case.
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USER'S GUIDE

Appendix I contains comprehensive execution examples of all the user
and system APL/360 commands, The first two pages of the Appendix lists the
contents of the Appendix.

Appendix I can be subdivided into three sub-groups:

(i) Employee-Record commands,
(ii) Department-Record commands.
(iii) APL/360 system commands.

Appendix I which has also been labeled as the user manual with examples
and commands is quite self explanatory.

All the keying which is done by the user has been shown with a shaded
background, After each line which is keyed by the user a RETURN key hit is
implied, Since a RETURN hit on system APL/360 does not produce any printed
symbol, the user, while going through the execution examples, must bear this
fact in mind.

The user gives a command by typing the short or long name of a command.
The system would reply back appropriately and ask for a specific type of
input. All dollar figures to be input should be first converted to pennies
by the user and then.input. A good thing to remember is fhat the use of a
decimal point, while inputting any numeric information is taboo. The same
holds true for the information output by the system. All dollar figures are
in pennies and should be converted appropriately for any real life situation
use.

All the individﬁal execution examples terminate with a * * * termination
symbol which clearly indicates to the user that the function has terminated

and he should proceed with the next command. The symbol * * * does not in
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any way indicate a successful termination.

All the commands have also been illustrated with abnormal terminations.
An appropriate error message is given to the user to indicate his problem,
The message(s) are self explanatory and easy to read.

In the very last section of Appendix I, some of the very useful
system APL/360 commands have been illustrated. All commands have been
appropriately labeled. A more detailed discussion of these system commands

can be found in [2], [3].
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11.
12.
13.

EXECUTION EXAMPLES EMPLOYEE RECORD FUNCTIONS

FUNCTION NAME

USE OF
USE OF
USE OF
USE OF
USE OF
USE OF
USE OF
USE OF
USE OF
USE OF
USE OF

USE OF

USE OF

DESCRIBE FUNCTION
CODES FUNCTION
INITIALIZE FUNCTION
PRINTALL FUNCTION
PRINTLINE FUNCTION
PRINTSEL FUNCTION
ADD FUNCTION
ALTER FUNCTION
UPDATE FUNCTION
TOTALS FUNCTION
DELETE FUNCTION
INSERT FUNCTION

CHANGE FUNCTION

PAGE

63
63
64
65
66
67
68
70
72
73
75
77
78
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EXECUTION EXAMPLES OF DEPARTMENT RECORD FUNCTIONS

FUNCTION NAME |

USE

USE

USE
USE
USE
USE
USE
USE
USE

USE

OF
OF
OF
OF
OF
OF
OF
OF
OF

OF

DESCRIBE FUNCTION
DCODES FUNCTION
DINITIALIZE FUNCTION
DPRINTSEL FUNCTION
DTOTALS FUNCTION
DPRINTALL FUNCTION
DPRINTLINE FUNCTION
DCHANGE FUNCTION
DINSERT FUNCTION

DDELETE FUNCTION

PAGE
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92
93
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EXECUTION EXAMPLES OF APL/360 SYSTEM COMMANDS

COMMAND _
INITIALIZATION OF ACCOUNT
SIGN-ON AND SIGN-OFF
WSID (WORKSPACE IDENTIFICATION) COMMAND
COPY COMMAND
SAVE COMMAND
LOAD COMMAND
CORRECTION OF MISTAKES

LIBRARY COMMAND
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CONCLUSIONS

Maximum size of the database was limited to 200-250 entries, which
was a serious implementation restriction. The average cost of an update was
64 cents, including the 6 cent cost for sign-on and sign-off.

I think that the interactive system is far easier to use as compared
to a conventional batch system, There is continuous guidance available to the

user when working with an interactive system.
| The cost of development for this prototype was estimated to be signi--
ficantly less than for the related batch system [4]. Of course, there is not
a good basis for comparison because
(i) The batch system implemented several more functions which were
not included in the interactive prototype.

(ii) The batch system included considerable code for the schema and
sdﬁ schema required for the IDMS system. The code provides considerable
execution efficiency and protection of shared data which is not available in
the interactive prototype.

The question was raised whether a batch or an interactive system is
more effective. In general we can observe that if high volume of data is to
be processed and if a knowledgeable user can prepare data with few errors,
then.féwer reruns of a program would be needed, which would considerably
decrease linkage overhead and long delays. Also if the user has other work
he can do while waiting for the runs to complete, then a batch system is
effective.

If, on the other hand, 16w volume of data is to be processed and the

user is a novice and prone to errors (for example, due to infrequent use,
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the user forgets the commands) then an interactive system would be more
effeétive, because it can afford the user a chance to correct errors and
provide immediate results. Further, if the user has no other work to do
while waiting for the results (for example, his next activity depends upon
results of the computation) then the immediate processing of a transaction is
very effective.

Other questions related to user acceptance of the interactive system
were answered during development of the system, Representatives from the
"Dean's office were requested to watch a demonstration and try a few commands.
(Dean Carpenter tried executing few commands; he had previous experience with'
a time sharing BASIC terminal. Mrs. Olson watched but did not try the
terminal; She had never used a computer terminal). From the demonstration
we reached the following conclusions:

(i) Dollar figures in pennies were acceptable as long as conmsistency
was maintained throughout the database in specifying employee salaries,
allocated dollars, assigned dollars, etc., in terms of pennies.

(ii) Department codes were acceptable since they are used in the
present systeﬁ, used in the Dean's office.

(iii) It seems (opinion) that commands are acceptable if there is
one-to-one correspondence with the logical operations perforﬁed in the office.
A user would not tolerate having to memorize a sequence of commands to perform
what is Logicaily a single step. Several of the commands in the prototype do
havé a oﬁe—to—one correspondence with the operations commonly performed in
the Dean's office.

Example: Hire an employee . . . . . . . « ADD

Fire an employee . . . . . + . . DELETE

Allocate money to a department . DCHANGE



102

Unfortunately, in the prototype the user has to execute several other commands
such as
UPDATE
) SAVE
JLOAD, etc.
But these could be eliminated when a better version of APL/360 becomes
available at Kansas State University.
Some approximate figures are given regarding the programming effort
of this prototype:
“ (i)} Design 30 hours
(ii) Programming & Debugging 120 hours
(iii) Pocumentation 20 hours
The above figure for programming and debugging was low due to
(i) Assorted built-in operators offered by APL/360, which greatly
reduce the size of the programs and the associated programming effort,
(ii) Interactive debugging, which allows the interrogation of the
values of all the associated variables at the termination of a program,

which significantly helps the debugging process.

The code generated for the whole system was approximately

1600 lines. There were a total of 27 modules with an average

of 55 lines. The number of lines coded per hour were 8.
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A prototype to illustrate interaction with a personnel database for
the college of Arts and Sciences.

The report deals with the implementation of a protot}pe interactive
system, using the interactive language APL/360 which was chosen because

(i) It is highly interactive -
(ii) It is available at KSU

(iii) It has built-in structures which facilitate operations

on data arrays.

The system is composed of two major data structures, Employee record
and Department recard. Due to the réstrictions of available version of
APL/360, the structures had to be stored in separate workspaces (files) with
a limit of 250 to 200 entries per structure, Each workspace includes local
functions which manipulate the local data structures. Limited inter-communi-
cation between the two workspaces has also been implemented with the help of

(i) ADD function, to add additional employee entries

(ii) ALTER function, to update the eiisting employee entries.

All other functions work with information structures within a single workspace.

The problem was coded as small modules, each module being an APL
function, the largest one being 90 lines. All input and output is through
the IBM-2741 interactive terminal. The system does demonstrate the advan-
tages which a person has, when using an interactive system.

| The programs as they stand now do not implement a complete solution
to all the data maintenance problems,

The report includes a descfiption of programs, inputs, outputs, and

sample execution of all the programs,



