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Chapter I

INTRODOCTION

It has been recognized for some time that
automation of +the administrative tracking of Conputer
Science Graduate Candidates would enhance the responsiveness
of the department to the needs of the student. This tracking
process Lbegins with an ipitial student inquiry, progresses
through an approved program of study and research project
and terminates upon successful completicn of all
requirements for .graduation. Autcmating this tracking
function will facilitate a more rapid response to student
informaticn needed for wmanaging the many aspects of his
academic career. As a result of this automation effort the
ease of creating and maintaining student files as well as
producing desired reports and letters should be greatly

enhanced, reducing the department administrative workload.



1.2

DEFINITIONS

EDITOR

The editor of +this transaction processing
system is a suitability edit that verifies whether
the data in a transaction nmeets the «criteria
established prior to the processing of the
transaction.

MENU,

A menu is a list of items that ©presents
choices to users of a system. A collection of menus
used to present the functions o0f, or information
about, a particular applicatiecn program or software
system is a menu-driven interface. (8)

SCREEN FXIELD CODE

A screen field code is a unigque identifier
assigned to each field of each screen skeletal
fcrmat. (12)

SCREEN FORMAT IDENTIFIER

A screen format identifier is a unigue

‘identifier assigned to each screen skeletal format

managed by the screen formatter progranm. (12)

SCREEN FORMATTER PROGRAM

The screen formatter frrogram is a component
of the transaction processing system that drives the
user terminal. In the context of this report it

receives the desired user function through the
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PLoCessor progran, converts it +to a screen format
itentifier, retrieves the necessary screen formats
for the function, and passes them to the processor
program for disgplay.
TRANSACTIORN

.\ transaction is a logical nunit of
information that is processed in its entirety before
another unit is processed.

TRANSACTION PROCESSING SYSTEHM

N

A transaction processing system 1is a systen
in which the mode of user computer processing lies
hetween batch processing (no user control during
execution) and interactive processing (conplete user
control during execution) . Iransaction processing
limits the wuser to a certain set of resources and
funciions as batch processing does but still provides
the on-line capability of interactive processing.

GSER FRIENDLY

A systemn is said to be user friendly if it
is easy to learn, easy to reaemher-and easy to use.
Userrfriendliness ¥as a key consideration beginrning
with the initial design and analysis of this project

all the way through implementation.



1.3 OBJECTIVE

———

The objective of this report 1is to outline the
design of a tramsaction processing system which will
interact with the user via a series of menus, and interface
with both the data base management system, INGRES, which is
a relational based model, and the output processing systen.
The design philosophy and analysis approach will be
presented as a basis for system definition. Problens
encountered during the design will be discussed with

recommendations for future enhancements cutlined.

1.4 ENVIRONMENT

The Graduate Student Record System (GRASTURS),
includes two distinct but identically formatted data bases
as a key part of its environment. An active-data base
includes all students who are currently enrolled as graduate
students in the computer science program. Once students have
graduated, or have discontinued the program, they are purqged
to an inactive data base. The structure used in the
development of these data bases was the relatiaonal model,
with all relaticns in third normal form as verified by
Bernstein's Alqorithm Number Two. The data base resides on
the Computer Science Department's Perkin Elmer, model 3220,
minicomputer. The operating environment is the Bell
Laboratories!' UNIX operating system and ;ersion €.3 of the

INGRES Data Base Hanagement Systemn. Data base gueries will
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be formulated using INGRES data manipulation language, QUEL
while all the application programs, and interfaces, will be
written in Pascal. The transaction processor was designed
to allow for a controlled number of input stations with
various other stations capable of read only access and
selected output generation. Multiple input stations vwere
considered during the design and will be 1included in a

future expanded system implementation.

1.5 METEHODS

The design effort began with an analysis of the
input and output documents used by both the Graduate School
and the Computer Science Department to establish and
maintain graduate student records. Initial menus were then
developed based on.user requirements and desired fun?tions.
With wuser friendliness a key ingredient throughout the
design phase. of the project, formatted screens were
designed. User advice was solicited at every ogportunity.
Data fields within the screens were verified against the
relations of the data base to insure that the data were
being stored, and that their sequence coincided wvwith the
domain seguence of the relations. A suitability editor was
designed with edit criteria established for each data field
that appears on a formatted screen. Finally the transaction
processor progral was analyzed in terms of controlling the

functions and procedures to facilitate menu storage, screen
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formatting, data base interaction, input editing and output
processor interface. This program acts as the driver, and

ties all the components into a cohesive operational system.

1.6 PROBLENS ENCOUNTERED

Perhaps the greatest problem encountered was
visualizing how formatted screen data was to be entered into
the established relational data base by using a Pascal
program to interface with the INGHEES data manipulation
language, QUEL. Reversing this process and getting the sanme
data out of the data base posed the other side of this
problem. The author's lack of experience in using both the
relational model and the INGRES data base management systen
contributed greatly to this problenm. Thé unavailability of
intelligent +terminals for use by the system added —scme
‘ additional problems. This meant that protection for fields
on the formatted screens had to be written into the software
as opposed to utilizing a built in hardware feature of an
intelligent terminal. Further, it meant that system (UNIX)
files had to be built for data entered on the various
screens instead of using storage within the terminal.
Finally, keeping user friendliness constantly in the fore
throughout the design process, sometimes at the expense of
simplicity and ease of future prograaming, was a constant

concern.



1.7 REPORT QUTLINE

The remaining chapters of +this report detail the
design and functions of the tramnsaction processing systenm.
In chapter two, system interfaces with the user, the data
base, and the output fprocessor will be explained as well as
system security and transaction editing. Chapter three
outlines the system functions available to the user. In
chapter four the iuplementation is analyzed, discussed and
critiqued., Chapter five summarizes the report and uses this

as a basis for specifying future system enhancements,



Chapter II

GENERAL DESIGN

2.1 INTRODOCTIOR

In designing the transaction processing system, a modular
approach was adopted. After a good definition of the
problem, the first area to be considered vwas the security of
the system and all the implications of access control and
data integrity. Specifics were outlined regarding the types
of users and their required system access, with a logon
procedure developed to support these requirements. Systenm
functions for the user to add, maintain and use data within
the data base, and how the wuser interfaced with these
functions, was next considered. Analysis of the data
elements required to be maintained on graduate students and
how best to have the user input these data elements, via
formatted séreens, was the concern here. As user friend-
liness was the overriding consideration in designing this
system, a great deal of analysis effort was devoted +to
screen layouts, prompts and aids, and user instructions. 1In
considering the next logical area, both the INGRES data base
management system and the relations with their domains vere
analyzed to insure that the transfer of data from screen to

data base and back again c¢ould be accomplished. Related to
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this probleﬁ was that of 1interfacing ?ith the output
processor so that formatted screens collected the necessary
data to provide the required outputs. Finally, edit criteria
were estabklished for data entered into the system to insure
a degree of accuracy for the data base.

Designing the system in terms of these logical entities
allowed the author greater flexibility in adapting to change
without having to redesign the entire system. Purther, as
bottlenecks arose in one area, there was very 1little
difficulty in shifting effort to another to nmaxzimize time
ntilization and design effort. In the sections which follow,
specifics regarding the design of each of the logical

entities will be presented.

2.2 SECURITY
In locking at the security requirements for both the
system and the data base, the following factors were
considered:
1. Who are the primary users?
2. What level of access is required for each?
3. How is security to be rrovided?
4. Is a transaction audit trail reguired?
In ansvwering these questions, +two types of users were
defined as requiring access to the system. The first type,
in the @majority, were the professors and departmental

administrators who require student information for academic
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counseling, review and analysis. It was determined that the
requirements for these users involved viewing student
information and outputting status reports, Wwith very little
need to change any of the data. Based on these requirements,
users of this type were provided a read only access
capability along with an ability to fproduce summary type
outputs.

The second type of user was one éequirinq total access-
to the system and the data base. These users include the
data base administrator and selected administrative
personnel. Total access to system information was required
as it 1is their resronsibility to create and maintain the
data base as well as use it to produce departmental letters
and student information reports.

Having identified the wusers and the extent of their
access, logon procedures were developed and an access
facility built which provided for the degree of security
necessary to meet the specified requirements. A layered
apprcach (See figure 2.1) was adopted. In this aprroach a
user first logs onto the UONIX system by entering his user
identification and password. If he is a valid system user,
as verified by the UNIX users file, +the 1logon will be
accepted. The next layer of security is invoked when the
user attempts to enter the Graduate Student Record Systen
(GRASTURS). The user enters the system pname, GRASTURS, which

invokes the system transaction processing prograam. This
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program maintains a second users file containing the
passwords, user identifications, and level of access (read
only, read-write) of all personnel authorized to access
GRASTURS. Should an individuval not be authorized access, a
systemn message will be returned so stating. Cnce a valid
user has entered the Graduate Student Record Systen, a
second program, the data base interface program, 1logs the
user onto the INGRES data base management system. Here the
third level of security is implemented, in that the data
base administrator, through the use of the INGRES "Permit"
command, specifies the level of access at the time of data
base creation. This provides an extra degree of security in
that, even if an wubauthorized user were +to breach the
application program level of security, he would still have
to breach.the data hase management system level of security.
It should be cautioned that both the GRASTURS users file and
the '"permit™" commands granting access must stay in
synchronization if system security and data base inteqgrity
are to be insured.

Analysis indicated a transaction audit trail was
desirable but beyond the scope of this report. It is
envisioned, hovever, that this audit trail would record and
maintain, for some sgecified period of time, the date, time,
user ID, and screen field code of all data items that vere
changed during a session. It would also record and maintain

the date, time, and user ID of all unauthorized attempts at
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accessing the data base. These transaction audit trails
could then be reviewed periodically by the data Lase
administrator to help determine if an unauthorized user had
attempted entering, or in fact had entered the systenm.

It should be emphasized that GRASTURS has only a minimunm
level of security; there 1is a great deal of room for
improvement. As time and resources fpermnit a more detailed
and extensive security subsystem should be develcped to

encompass both system security and data base security needs.

2.3 USER INTERFACE

The user interface is where human and machine meet. As
Schofield (10) states, the user interface consists of "all
messages that can pass between the user and the machine and
the conditions under which they can cccur®. As previously
mentioned, one of the goals of this project was to design
this interface so that it would be as‘ user friendly as
possible. Unfortunately the attributes of user friendliness
cannot be as accurately defined as the interface itself.
This is +true because ve all have different opinions as to
what exactly makes an interface friendly. Por this report,
the friendliness of an interface will be the relative ease
by which an individuval can use the interface without
referring to a users' manual or some other non-machine aid.

A menu~-driven apgroach was adopted as the design

philosophy tc maximize the interface friendliness. That is,
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all cperations are invoked through the prompting that is
provided by menus. As a result, the operator is required to
recall very little to perform an operation when the options
at any particular stage are presented on the screen. Aderet
(11) indicates, regarding menu-driven systems, that "The
greater the deqgree of prompting, the 1less the lang-ternm
memory requirements; hence it may be predicted that menu-
driven systems should be of benefit inasmuch as they are
likely to ease cognitive overload for new ofperators,
decrease learning time, reduce error and increase product
acceptability».

The transaction processor progranm (See figure 2.2) 1is
the key ©rrogram in the +transaction fprocessing system that
interfaces with the user. It is responsible for logging the
user onto the system and verifying the 1level of systen
access. It resgponds to the user- by displaying menus,
prompts, outputs, and error messages in order to allow hinm
to complete his processing as easily and quickly as
possible. It controls the screens displayed on the termimal
by passing to the screen formatter ©rprogram the function
selected by tke user. The formatter program converts this
function to a screen format identifier, which is used to
locate the desired screen. The formatter program then passes
the screen back to the processor program for display on the

terminal.
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In designing the screen formats for the various system
functions several factors were taken intc consideration. The
first, and probably the most important, Leing the experience
of the read-write users. The experience of the read only
users was only marginally considered as their access, and
therefore the functions they can perform, was limited. The
read-write users'! responsibility for data base maintenance
made their experience factor paramount. Analysis indicated
that the experience of these users was at the mid-novice
level. With this in mind, prompts and aids vere developed to
explain and walk the user throﬁgh a session. It should be
pointed out, hovever, that the screens were developed so
that as a user dJained experience on the system these same
prompts would not slow him down with +trivial guestions and
unecessary instructions.

Instructions on the system in general, and the specific
functions within the system, were ©provided as a separate
function which the user could ask for. This eliminated the
need for lengthy "how-to" instructions on each screen. The
level of rroampts used on all screens was the fill-in-the-
blank prompt. In some instances a comrand and a list of its
parameters are presented, wvhere the user selects the
parameter he desires and enters it in the space provided. In
others, a format is provided into which the user enters the
specific data requested. In all cases an underlined area was

provided for a regquired data entry elimipating ccnfusion as
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to where data was to be entered, and in many cases, how data
vas to be entered.

Another factor considered was the ease of reading a
screen full of data within a format. In this case, a screen
would tend to be very busy making it difficult for users to
discern data from format. This problem can be overcome by
varying the light intemnsity of the input data. By making it
of higher intensity than the‘screen format it would become
much easier to read and use.

Still ancther factor considered was error handling. 1In
all cases error messages were designed to be as descriptive
as possible. They are highlighted and are displayed at the
same location on every screen. This should make it easier
for the user to recognize that an error has occured and to
determine what that error is. Error handling was made as
user friendly as possible in that the system does not crash
or lcck the keyboard, or ring bells when an error condition
is encountered. BError recovery procedures are described in
the system explanation function and in most cases all that
is required is a change to the entry in guestion £for the
system to continune processing. 1f, hovever, the |user
continues to get deeper into trouble with each attempted
correction, an escape mechanism has been provided on every
screen. This mechanism will allow him to terminate either
the function he is presently im or the syster altagether,

without damaging the data base.
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Finally, in considering screen design, the location of
data items and their layout on the screens was analyzed.
Users vwere consulted to determine which source documents
would be entering the system first., It was the data items
from these documents that were placed together on the first
screen. This apprcach prevailed throughout the design. Data
items which logically occurred together or came from the
same source document were kept together. Further, data that
could be displayed 1in tabular form was placed in tables to
make it easier for the user to read and use.

Associated with each data item location on a screen is a
screen field code. The use of this code facilitates the
positioning cf the cursor at the next data item location to
be filled with data. This is accomplished by depressing the
carriage return. This code also allcws the user to access
certain frequently changed data fields directly, without
having tc scroll through a series of screens to locate then.

To summarize, it's iaportant to note that the design of
a user friendly interface is still an art and nct an exact
science, regquiring the consiéeration of many factors. 1In
this project as many of theée factors as possitle were
incorporated into the interface. Any future inplementation
should nct consider these sanRe factors as being all
inclusive, but should readily make changes to them as the

rquirements of the user so dictate.



2.4 DATA BASE AND QUTPUT PROCESSOR INTERFACE

daving loocked at how the user interfaces with the
system, we turn now to the various processes Wwithin the
system and tow they interact and interface with Loth tha
data base and the cutrut processor. To facilitate a clear
understanding of this ©process thkese interfaces will te
describted a*t the functional level.

The transaction Fprocessor program not only interfaces
directly with the user but acts as the driver for the entire
Graduate Student Record System. Derending on the actiorn
requested by the user, this program transfers ccntrol to the
appropriate program for processing. Results are then passed
tack <hkrcugh the —rrccessor program for display on the
terminal. In the <case of output processing, this progranm
acts as the interface between the transaction processinq
s?stem and the output processing system and +*ransfers
control to +the output processor whenever the user.selects
the output function or desires a printed copy of the current
screen, The user selected output function, keys the
processor Dprogran *o transfer «cecntrol to the output
processor program for the processing of a departmental
letter or report, The requested output is then passed Lack
through the processor program and is displayed on ‘the
screen. Should the user desire a printed copy of the output,
or any screen currently being displayed, a PRINT action is

selected which tells the processor program to call the
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outputr processor fcr printing of the ocutput. Once the output
kas teen routed tc the printing device, control is again
passed back tc the transaction processcr progranm. The key
design issue here is that all requests for printed output as
well as any department letters or student infcrmation
reports are transfered +o the output processor —rrogram for
ELOCESSing.

The da*a base interface program, as its name implies, is
the +transacticn Fprocessing system's dinterface with the
INGRES data base management system. It is responsible for
logging the user onto the INGRES system, formatting the
input data and generating the INGERES commands +o add,
change, or delete data from either the active or inactive
data base. This is where the bulk of the work of the systen
is performed ard is prcbably the most ccmplex program in the
systen. W“hen data 1s to be entered intoc the data tase *he
processor program transfers an edited =creen of data to the
interface program. The interface program then builds a IJNIX
system f£ile for each relation or the screen. Semicclaons
separate the data items on +the screen which <corresgond .
exactly to the domains within +*he relations of +he data
base. The special character "#" is used *o signify the end
of a file which corresronds to the end of a relaticn. VWhen
the UNIX files are pullt all special characters are renmoved
before data is entered into the data tase, Cnce all the

screen da+a has been poved into 1NIX files a seriss of
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INGRE3 "Ccpy From”" commaBRds are geperated hy the interface
program tc append the data to the appropriate darta hase. The
"Copy" command is somewhat simplified by having the sequence
of the Aata items on the screen map exactly +to the domairns
of the data lLase.

If the  user wants to view <thke data cn a student, tke
reverse of this process is executed. The processor progran
passes the name of the student alonqg with the desired screen
format to the interface program. The interface program then
generates a series of INGRES "Retrieve All" commands which
nove the data from +he appropriate data base into INIX
syster files. The interface program then moves the data from
+he NNIX files into the formatted screen and passes it to
the frocessor program £for display. Should the name not Le
found in the requested data base, an error message *o that
effect is cenerated and passed back *tc the processbz rrogran
for disglay.

An important consideration in the desigmn of this proqranm
is 1its compatibility with the INGFES data manigpulation
language, QUEL. A thorough understanding of the lanquage and
all 1its facilities 1is necessary 4in implemehtinq the
interface program if the system is +*tc functicn ©properly.
Further, the building of UNIX system files is a key design
issue which facilitates thke mapping of an entire relation
ints the Jdata tase using the “Copy“ ccmmand, and out of the

data ©base using the M"Retrieve All" command. Had an
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alternative approach been taken, that of appendiang data to
the da+ta base using the "Append" command and retrieving data
from *he data base using only the "Retrieve" command, this
process would have Leen far more complex. For examgle, to
append da*ta *o ah existing relation , each of the domains
and their value wculd have to be specified. i.e.

Append To Danatiqn(Bame="Frank",Amount=5,Ext=20u)
An "pAppend™ command of this nature would have +2 be
generated for each relation in order +to enter data irto the
data base. The problem is compounded wken ane realizes that
one of the relaticns in the data tase has thirty-ons
dormains. 'Ising the "Retrieve®"” <command to access existing
data also vproves +c ke somewhat ccmplex. i.e.

Retrieve (P.Amount,P.Ext) Where P.Name="Frank"

Agaip, a "Retrieve" command similar t¢ this would have to bhe
generated for each relation in the data base, with all
domains specified.

Compare the ccmplexity of these +*wc commands to the
simplicity of the "Copy" command using NMNIX files for adding
data to the data base:

Copy Donation () From "the UONIX file"
and the "Retrieve All" command for retrieving data from the
data base:
Retrieve (All) where P.Name="Frank".
There wculd still have to be a "Cory" and "Retrieve All"

command for each relatior in the data base, but *he commands



23
are 1o where near as complicated. The aprroach taken
simplifies tke progranming requirements and should, when

implemented, reduce precessing tinme,

2.5 EDITOR FUNCTION

The final ©prcqgram to consider in the transaction
processing system is the edit program, which is invoked any
time data 1is to be saved in the data base «c¢r an output
letter or report is to be printed. The edit is a suitability
edit that wverifies whether the dJdata entered meets +he
criteria established for reasonableness. The dJdesign focus
was cne cf simplicity and data format (syntax) as ofposed to
data content (semantics). The edit prograr maintains a table
of screen field ccdes with corresponding edi*t criteria. If a
data value 1is entered wﬁich does not meet the suitability
criteria for it, an error messaqe and the screen field code
of the data item is passed to *he processor program. The
processor progral® then positions the cursor at the screen
field code location which correspords to the data item and
displays the error message, "ERROR AT CIRSORY. The user has
the option +to correct the data item and reinitiate either
the printed output function or the SAVE action once aqain.
This new data value is again edited and the process
continued wuntil a screen of data &reets all the edi*
criteria. Once it does, the edit frrogram indicates this

result to the user and control 1is rpassed kack to the
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processor program feor further processing of the screen by
eitter the outfput prccessor or the interface program. Taktles
1-7 outline the edit criteria for each data field and list
the screen field codes and field lengths. Though rot listed
as part of the edit criteria, all data itenms, with the
exception of *he name field, may also be tlank.

As was discussed earlier, the Xey design issue for this
program was one of simplicity while at +the sare tine
rroviding some assurance of data inteqrity. The edit progranm

S an area that can te expanded to provide a more stringent

e

suitability edit or even a compatakility edit should
experience indicate the irctegrity level of the data kase is

inadequate.
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TABLE 1

EDIT CRITERIA I

LATA ITEM LENGTH CODE CRITERiA
Name 35 1 A
last 15 A
first 10 A
middle 10 A
SSAN 9 2 A/N
Current Addr 47 3 A/N
street 25 A/N
city 15 A
state 2 A
zip 5 N
Permanent Address 47 4 A/N
street 25 A/N
city 15 A
State 2 A
zirg 5 N
local Telephone Yum 7 5 N
Sex 1 € M,F
Date KS Residency Began 5 7 A/N
month 3 A
vyear 2 N

S g T e R e e

Citizemship 10 8 A

Previous Name 15 9 A

Grad Sch Application Date 7 10 A/N
day 2 N
mcnth 3 A
year 2 N

R i e e o M e e i A — ——— T T T T T e e o o — —



TABLE 2

EDIT CRITERIA II

LATA ITE=Y LENGTIH .CODE CEITERIA
GREE Scores:
official ] 11 Y,N
verkal 3 12 N
guantitative 3 13 N
analytical 3 14 v

- e T — i —— e  f e o S A e e . —— T . e . e = - — o m — — — —_—
P T T T N S S T N S S S S S NS S S o oA S T S S S E SR RS T oo o =SS oSS ===E==D=====

Advanced GRE Score:

official 1 15 v, N

field 2 1€ A

sccre 3 17 N

TOEFL:

official 1 18 Y,N

sccrea 3 19 N

date 5 20 LA
mon+h 3 A
year 2 N

e R T B e T T e R T R T T

Foreign S+udent Kequirements

finance 1 21 Y, K
wedical 1 22 e
letrers Of Recommendation 1 23 1,2,
carricalea s 2 a
adviser 15 25 .

5
zcnth 3 A
2



TABLE 3

EDIT CRITERIA III

CATA ITEM LENGTH COBE CRITERIA

Expected Grad Date 5 27 A/N
month 3 A
year 2 N

T T T e T e e e e e e e e . e e . . . e e = - — . — ——
e e e e e e o B el

5
maonth 3 A
2

CMPSC Info Sheet Date 7
day 2 N

month ) 3

2

T N T I T NS E S E e e e e T e e e o o e e e  ——  —— — ————— — — — —

Processing Fees Paid ) 31 P |

B e e e e e £ K L ¥ L T N

Fall 1 32 A

L e T et ey i o e i D . o S D e . —— o —— ] ok, oy . ]

Spring 1 33 A

—— — — ——— ——— —— - — e ————— — T —— . _— i . T T " e e . R e

e s i . T L D o W . T —— — — i e " S et il e i . o . i S . i s . e s

year 2 35 N

T —— . g D g i e A S — —— — — . i T il " e = — —_— - o i ety e

SPEC 1 38 A
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TABLE 4

EDIT CRITERIA IV

DATA ITEHN LENGTH CODE CRITERIA
Student Status (Can be replicated four times)
date g 39 A/N
regular 1 40 A
provisicnal 1 41 A
special 1 42 A
probation 1 43 A
Universities Attended (Can be replicated four times)
school 25 59 A
dates {from—to) 10 £0 A/N
month 3 A
year 2 N
month 3 A
year 2 N
Ba jor 5 61 A
GPA 3 62 N
scale 4 63 N
degree 3 64 A
deqgree date 5 65 A/N
month 3 A
year 2 N

e o S T S e e I I S S S e e S et T S et T T S e e T 8 ——— — — — —
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TABLE 5
EDIT CRITERIA V

DATA ITEHM LENGTH CODE CRITERIA

TA Qualified To Teach:
CMPSC 200 1 87 A
E;PSC_ZOI o —-—-—--—-----*--—-;-—------—gg-——-——-——;———
cuesc 202 I 89 A
cmesc 203 1 90 a4
CHPSC‘2OQ - ---_*_*—-‘---*.-: —————— 91 h N A o
CHPSC_:ZOS - ) - 1 92 -——-—-—--;—--
cwesc 206 T e s
capsc 300 0w a
capsc 305 1 95 a
cmpsc 3c6 T T e
CHPSC—HOS o ) o 1- ‘;;_---d‘--_;-‘-
cMPSC 410 T e
E;PSC 420 - - B o 1-—— _;;——_—-_———;-——
cpsc 430 B v 0 oA
cmpsc 450 I T
cmesc se0 1 102 &
cwesc se0 v 103 a2
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TABLE 6
EDIT CRITERIA VI
DATA ITEN LENGTH CODE CRITERIA

Research COption: o
thesis 1 10U .\

regort 1 105 A
parper 1 10€ A

Propocsal Submit Date 5 107 A/N
month 3 A
year 2 N

Orals Date 5 110 A/N
month 3 A

Orals Result:
pass 1 111 A

fail 1 112 A

conditional pass ' 1 113 A

Advisory Committee:
major professor 15 114 A

member 15 115 A

member 15 116 A
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TABLE 7

ELCIT CRITERIA VII

DATA ITEM LENGTH CODE CRITERTA

Graduate Courses (Can be replicated 1¢ times)
course number 9 117 A/N
course name 20 1s A
:;edi; hours 1 o _119-— ) N i
grade N T 120 a2
se;;;;er/year ) Z - 121—----———;;;-
deficiency- -; ;;2 —-—;——-
;;peat o o ;-—- 123 T A o
=a jor ) ) v a2 r
support T s a

curreat c2a 3 261 %

e e e — — o — — — — i e R e e o o e e T S S e " —— —— - i e T o o i e




Chapter III

PUNCTIORS

3.1 INTRODUCTION

The ipplementation of +the functiocns of data Lase load,
maintenance and use centers around a general screen menu of
options. These options allow the user to select prcmpts or
alds to generate transactions, to store transactions in the
data base and to obtain desired retrieval results. With
these functions ccnstituting the prime user-system
interface, -it wvas important that user friendliness become
the overriding design philosophy in development. Screens
were designed for ease of functionm selection; data entry,
modification and deletion; and output generation. Initial
screens of each function give a short explanaticn as to what
the function does, with some 1instructions provided on
expected user response. A single screen transaction must be
completely rprocessed independently of any other screen
transaction and a single transaction cannot he processed
against multiple records of the same type. The specifics of
the functions and how the user interacts with each one are

detailed in the sections which follow.
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Once a user has properly 1logged onto the system the
first formatted screen that appears is the General Menu.
{See figure 3.1)

The General Menu gives a short explanation regarding the
syster and then lists the following six system functions:

1. Systea Explanaticn

2. Add A Student

3. Change/Viev Student Information

4., Purge A Student To Inactive Data Base

5. Delete A Student

6. Qutputs
The user selects the function he desires and types the item
number into the space provided. This will then display the
first formatted screen of the selected function. If the
user has been granted read only access he may cnly select
the System Explanation, Change/View Student Information, or
Nutputs functions, If an invalid item numkter is selected, an
error message to that effect will be displayed. Recovery is
accomplished by entering a valid itenm number or exiting the

systen.
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3.3 SYSTEM EXPLANATIOR

The first item on the General Menu 1is the Systenm
Explanation function. It 1is envisioned that the nev user,
after 1logging on the system, will make this his first
selection. This function will display a series of screens of
textual infermatiaon describing the system in general and
each function specifically. (See figures 3.2-3.5) Though not
intended to replace a user's manual, much of the information
included in such a manual has been incorporated into this
function. To scroll to the next screen, the VIEW action in
the DESIRED ACTION portion of the screen is required, and it
may ke selected by placing an "X" in the space provided. The
screens will continue to scroll as long as the VIEW action
is selected. When the user wants to terminate this function
the QUIT action should be selected. This actionm will return
him to the Gemeral Menu for further processing. The
TEBRMINATE action will terminate the function and allow the

user to exit the systesn.
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3.4 DATA BASE ADD TRANSACTIONS

The data base load 1is accomplished through the Add
function which must be selected initially to create a new
rTecord for each student. The function is divided into three
formatted screens which make up all the information on a
student required for the data Ltase. {See figures 3.€-3.8)
Protected fields on the screens provide an outline for
entering data with expected data formats often times
outlined within parenthesis. The user responds by entering
data into the wunderlined areas only, and then hitting the
carriage return which automatically sfpaces to the neit data
field. Once the user has finished entering data, the SAVE
action in the DESIRED ACTION portion of the screen must be
selected. This initiates the data load prccess. If the data
passes the suitability edit, it is mapped into the data base
and the next screen of the function is displayed. If not, an
"ERROR AT CURSOR" message 1is disrlayed and the cursor is
positioned at the data field in guestion. The data field
must then be corrected and the SAVE action selected again.
Several other options are available in the DESIRED ACTICN
portion of the screen. Pirst, if the user desires a printed
copy of the screen, and its data, the PRINT action may be
selected. This action will print, wvithout destroying the
data, as many copies as the number of times the action is

selected. Second, as discussed in the Systen Explanation
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section, if the user desires to termipate the function, the
QUIT action may be selected. This will return him to the
General Menu without saving any data to the data Lase.
Pinally, to terminate the function and exit the system the
user may select the TERMINATE action. It is important to
rTeiterate that the only way data is entered inte the data
base is through the SAVE action, and then only after it has
passed the edit. The general format and procedures for the
remaining two screens of the Add function are the same as
the first, with +the error process and desired actions
identical. The SA?E action on the final screen, however,
will return the user to the General Menu for further

processing.
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3.5 DATA BASE MAINTENANCE TRANSACTIONS

Having loaded the data base with student information,
the maintenance of this data, to insure data integrity, now
becomes the concern. For the purposes of this systen
maintenance is caoncerned with the <changing of data items in
a student record or the elimination of a record from ane aor
both of the data bases. Data base maintenance is performed
through the functions of "Change/View Student Informationm™,
"Purge A Student To Inactive Data Base", and "Delete A
Student"™. Once the user selects any of these three
functions, the first screen is displayed with a request for
the student's full name. The student's name is the only key
the user is expected to Xnow to access all the information
in the system. In the case of the change and delete
functions, a student status ({(active or inactive) must also
be entered to let the system know which data base to access.

The Change/View function should te selected whenever a
student record, wvhether complete or not, has already been
established through +the Add function. In looking at this
function two options are available +to the user for
retrieving information. In both cases all three screens of
the student record may be accessed, the difference, however,
being the position of the cursor at a specified data field.
In the first option, entering the Full Record item number

(i.2.00) in the space provided will display the first screen
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of the student record with the cursor positioned at the
first data item. (See figures 3.9-3.10) Changes to the data
may then be made by moving the curscr to the desired data
field making changes in the field's «ccntents, and then
selecting the SAVE action. If the changed data rpasses the
edit it will become a permanent part c¢f the data bhase. If it
does not pass\the edit an error message will be displayed
and the recovery rprocess described for the add function
should be followed. The SAVE action will cause the display
of the second screen of the student record. If the user does
not want to change information on any screen the VIEW action
may ke selected to bring up the next screen. The VIEW action
will continue to screll to the next screen of the record as
many times as it is selected. This action was desiqned so
that the read only user <counld view all information
maintained on a student.

The second option for retrieving informaticn is for the
user to enter the item number of the specific field he
desires to change. This will bring forth the screen on which
the data item resides and position the cursor at that data
item. Changes can then be made, and the SAVE action selected
in order to make them a permanent rpart of the data base.
This option 1is designed to save the user time in locating
specific data items within the three screen reccrd.

Should the student name not be found in the data base

specified, an error mnessage to that effect will &Le
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displayed. To recover, both the spelling of the student's
name and his status should bhe checked. To assist in this
process, a listing may be obtained from the Output function
which alphabetically lists students in the data base. If a
read only user attempts to save data to the data base by
selecting the Save action, an error message wWill be returned
indicating "SAVE NOT ACCEPTED". To recover, ah appropriate
acticn should be selected. (ie Print, Quit, Terminate, View)
Finally, the Change/View function facilitates printing of
screens, terminating the function and exiting the systenm
through the various DESIRED ACTIONS as described previously.

The second portion of the maintenance asrpect for the
system is the elimination of data. The functions supporting
this aspect are "Purge A Student To Inactive Data Base" and
"Delete A Student®. (See figures 3.11-3.12) Bothlfunctions
are similar in that one eliminates data from the active data
base while the other eliminates it from the system. After
selection of either function from the General Menu, the
initial screen appears reguesting the full name of the
student, In the case of the delete function a student
status aust also Le selected. The system responds by
displaying the full student name and Social Security Number
and asks if this is the student to be purged or deleted. The
user must either enter yes or no (Y/N) before the process
can be completed. The purge function moves the student

informaticn from the active data base to the inactive, while
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the delete function eliminates the data from the desired
data base. This two step process provides some extra
assurance to the user that the appropriate student has teen
eliminated. If the name is not found in the data base, an
error message is displayed with the same recovery procedures
necessary as were discussed in the Change/View section. The
only actions provided by the DESIRED ACTIONS partion of the
screen, for either of these functicns, are the CUIT and

TERMINATE actions which vwere discussed previously.



51

*9Seq PlED 2Y} WOIJ SIUSBPNIS SOSPID

dLYNIWNYAL LINd
(X} :uotr3oy pairsag

¢T (I/4¥) snie3s DATIORPUT 10 BATIOF ¢ -/

(eTPPTN/1SITA/ IS RT) 23272p 03 UsTmM nok juapnis

843} Jo ameu TInJ ayj iajug
N *P3313T8Q ydwWRU TINJ 3JU3PNIS,
* (8/X) &23012p 03 YSTA nok juspn3ys ayy sryy s

w2184 pauINidI UPSS DU BWRU TTnF JUIPn3s,

243 Jo sweu [Tny ayy Iajuym

(OTPPTW/3ISATI/3S®RT) 239T9P ©03 YsTm nok 3uapnis

"UOTIOY P2ITSaq aYy3 uT X ne aoerd apeuw us8q @ARY SUOTIDB[IaP [ 22U

Y9TYA UOTIDUNF ALITIq OY3 DPOIDBTAS aAeY nOX

DELETE PUNCTION

FIGORE 3.11



52

S o 300 ok o e e o koK ok ol ok ol ok o ok ok ok ook ok ok ek ke ok ok ok ko dLYNINYAL LInd
*  “H'd JAILOY NI ANNOd LON dWVNx (x) :uotvioy paxrsaqg
sk o o e o o s s ok o ok ok o o sk 0K ok e o ok ok ok o ok oKk ok ok

: F /
(TPPTW/3SITI/3seT) 2bhand 03 yYsTm nok juapnis ay3 Jo auweu TIny ayly I23uld
*3S5Bq e3lep 9AT3IORUT 03 pabind y,2weu TInJ juapnisy
: (N/X) ¢@2baind 03 YsTa nod juspnis 8y} sTY3} SI
wdIaYy pauinial uess pue auweu TINF IUBPn3IS,

T / T/
(®TpPPTH/3saTd/3seT) abaind 03 ystm nok usapniys 243} Jo 2ueu TIny ayy iajug

"uoT3}OY pairsag oY1
ut x ue aoeld pabind usaq sey eipp TIe SDOUQ "8Seq BIRD AATIDEUT By} 03 2AT}O®
943 WOly UOTIPWIOJUT 3JUSPNIS SDAOW YOTYAM UOTIOUNI FOUNd ©Y3 POIOD[2S ALY NOX

PURGE FUNCTION

FIGURE 3.12



53

3.6 DATA BASE UTILIZATION TRANSACTIGONS

In the area of system utilization two types of users

have been defined. The first type, the read-write users, are
responsible for locading and maintaining the data as well as
producing the various outputs required by the Computer
Science Department. These users have full access to the
system and are the key element in data base inteqrity and
total system functioning. The second type of user 1is the
read only user wvho may view stndent data and produce certain
outputs but cannot, 1in any way, change the data. All the
functions available to both types of users have been
discussed in previous sections of this chapter. We now
consider the final function, the "Outputs" function.

Once selected from the General Menu, the first screen of
this function will be returned asking wvhether Department
Letters or Student Information Reports are required. (See
figure 3.13) Selecting either one of these will display a
screen which provides a 1list of that type of output.(See
figures 3.14-3.15) The specific output may then ke selected
and brought to the screen. In each instance a letter or
report will be displayed with spaces provided for data
entry. In the case of Department Letters, spaces will be
provided for such items as name, address and date.

For 5Student Information Reports data are required +to

build OQUEL gqueries for processing by the system output
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processor. A Student Summary may be produced which is an
outline of all data available on a given student. It is
intended for faculty use in acedemic counseling. Once the
specified output has been completely formatted on the
screen, i.e., all needed data inserted, the PRIRT action may
be selected to produce a printed copy. In desiqning these
screens, the Department Letters vere designed for the read-
write user; the read only user would almost always te
concerned with the Student Informationm Reports. The sanme
actions of PRINT, QUIT, and TERMINATE vwere provided as in
other functions, hovever the SAVE action was not, as
analysis indicated that it was not Dnecessary to maintain
letters/reports as a part of the data base. These are stored

as UNIX files.



Chapter 1V

IMPLEMENTATION

4.1 INTBODUCTION

Once the general design of the tramsaction processor had
been completed, with screen formats and user functicas
develaped, the envircnment in which the system was to
'execute was next analyzed. Specifically, implementation of
the tramnsaction ©processor using the INGRES data bhase
management system running under the control of the Bell
laboratories' UNIX operating system vas considered. The
decision to use both these software packages vas made by the
department and was based on the fact that both UONIX and
INGRES vere already available on the department Perkin Elmer
minicomputer. Actual implementation of the transaction
processor utilizing a prototype approach was considered
infeasible due to time and resource constraints.
Additionally, rTesearch on the part of one of the Derartment
Ssoftware Technicians, revealed that a major change release
on the INGRES data base management system was due for user
distribution in the January 1983 time frame. This meant that
any implementation that was done prior to this date would
more than likely have to be redome in terms of the new

INGRES release. 4 logical analysis of the implementation,

~ 88 -
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hovever, was conducted to establish a framework upon which a
future prototype system could expand. The capabilities and
constraints of both the UNIX and INGRES software packages,
their interaction and influence gn system design, are

outlined in the sections that follow.

4.2 USE OF UNIX

UNIX was develcgped at Bell Telephone Lahgratories and
has a simple command language that interfaces with a
powerful, device independent file handling system. UNIX is
used throughout the Bell System and in several hundred
colleges, government agencies, and industrial installations,
all of whom apply it to a wide range of applicaticns. (15)
Though UONIX posed no significant problems in the design of
the transaction processor, several of its capabilities and
limitations had to be taken 1into consideration. The first,
and probahly most important, is the file structure. The
foundation of UONIX 1is a hierarchically structured file
system, with mnultiple directories for different users and
projects. There are no required access wmethods; the
operating system handles the ©physical aspects of file
management {device, track, sector, etc.) so that a file
appears to a program as a sequence of bytes, upon which any
desired structure may be imposed. Each user has a private
directory which contains only the files that belong to him.

These files are organized into a tree, with it possitle for
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any user to "walk" around this tree and find any file in the
System, by starting at the root of the tree and walking
along the proper set of branches. This freedom of access
impacted system security by forcing a layered approach into
the design, so as to prohibit unauthorized users fron
entering the data Lkase and programs which access the data
base. The only rrotection provided by UNIX is a @minimal
logon procedure (user ID and password) and a facility to
protect files and directories with a read only control
access, What this meant was that additional security for the
GRASTUORS system had to be provided in +the application
software and INGRES data base management system. Though not
an overly complex problem, one that would not have had to be
considered had a more sophisticated operating system been
emplcyed.

Perhaps the greatest advantage UNIX provides is its
established interface with the INGRES data base management
system. INGRES was designed to run under UNIX and there are,
therefore, several OUNIX -facilities which nmake data base
creation, maintenance and use much easier. For example, UNIX
allows for a sinqgle "INGRES Superuser" wvho is the only one
that can authorize certain actions and procedures against a
data base. This helps to insure data base inteqrity and adds
to the security of the data bhase. Additionally, the ease
with which the INGRES system may be entered is illustrated
by the fcllowing UNIXY command:

ingres YDATARASE NAME"M
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This command would be the only one required to be written
into the data base interface program to allow the
transaction ©processor access to the data base. Pinally,
through the use of the "sysmod" command, ONIX ccnverts all
relations in the data base to their best structure for use
in INGRES. This command should be executed immediately after
data base create in order to gain maximum access
performance. Doing so will reduce the amount of time a user
has to wait for the system to resrand to his request for
information.

One of the prime capabilities provided by UONIX which
aided in the desiqgn of the system was the use of the text
editor facility for creating files. As discussed in chapter
tvo, a UONIY system file 1is built for each relaticn on a
screen, facilitating the use of INGRES "Copy From" commands
for adding data to the data base. This eliminates the need
for using the more cumbersome "Append" command. The ease
with which the text editor builds files is shown belcw:

ed -— ENTERS THE TEXT EDITCR

a —— APPENDS TEXT TOC THE BOFFER
"DATA FRCM THE SCREEN"

g —— QUIT TEE TEXT EDITCRH

Using these text editor files allows an entire relation
to be entered intc the data base at one time without the
need for multiple INGRES ‘data manipulaticn lanquaqe
cocmmands. A facility that should prove éxtremely valuable

once a prototype system is undertaken.
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3.3 USE OF INGRES

As mentioned previously, INGRES is a relational model
data base management system, desigpned to run under the UNIX
operating systen. The data manipulaticn language supported
by the INGRES system is called QUEL (CUEry Langquage). It has
several constraints which were considered but had no real
impact on the design of the tramsacticn processor. For
example, a relation cannot have more than 49 domains and the
tuple width cannot exceed 498 bytes. {(9) Further, character
strings can only be frcam 1 to 255 charactrers in length. (8)
Though not impacting the design of the systen, these
constraints nust be kept in mind should future
implementaticn require an expansion of the data base.

As mentioned in the use of UNIX, the prime capability of
Iusazs; with reqard to the transaction processor, is its
ability to enter entire tuples 4into the data base and
retrieve these samre tuples without excessive data
manirpulation commands. This reduces the complexity of these
commands and makes their inclusion in the data base
interface program, vwhere they are executed, a much simpler
process. To assist in building the UNIX files INGRES allows
delimiting characters to be specified for use with its
"Copy" ccmmands. This facility allows the formatted screen
data to be moved into the TOINIX files without losing its
integrity with regard to domain sequence within the

relation. Semicolons were used as delimiters ftetween data
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items which correspond to domains, and the "#" special
character delimited the relations within the data tLase.
These delimiters are removed when copying data into the data
tase.

An area that needs to Le addressed during
implementation, 1is how best to store the data base once it
is created in memory so as to maximize efficiency and
improve processing speed. INGRES can store a relation within
a data base in three different intermal structures. When a
relation is first created it is created as a "Heap", as this
is the most efficient structure to use to initially fill a
relation using the "Copy" or "Append" commands. This storage
structure, however, has two major disadvantages in that
duplicate tuples within a relaticn are not removed and
nothing is known about the location of the tuples. INGRES
would have to read every tuple in the relation to find the
one requested. It is, therefore, more desirable to
restructure the data base into either the "Hash" or "Isanm"
structure once it has been created. Both structures
eliminate duplicate tuples and speed access, as searches are
conducted on key domains. The "Hash" structure is
advantageous far locating tuples referenced in a
qualification by an exadt value. "Isam", on the other hand,
is useful for both exact values and ranges of values. Since
the "Isam" directory must be searched to locate tuples, it

is never as efficient as "Hash". Also, as currently
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designed, the data base should never have to provide a
response to a query based on a range of values. This argues
strongly in favor of the "Hash™ storage structure as being
the most appropriate for the system.

Perhaps the greatest disadvantage to using INGRES in the
design of this system was the relative lack of experience on
the part of the author and the department in general.
Additionally, though the systen documentation proved
adequate, there was very little additional reference
material to be found once something became unclear. This
problem, it is hoped, will be remedied once the new INGRES
change ©package is released to users, with acccmpanying
documentation. Further, as INGRES is installed and becones
operational, the experience factor of depatment technicians
will increase, facilitating greater use and future project

implementation.

4.4 SYSTEM INTERACTICN

The transaction processor's interaction with both the
UNIX operating system and the INGRES data base management
system takes place through a series of Pascal progranms.
Specifically, the data base interface program would contain
Pascal code to execute the commands necessary to isplement
the URIX text editor for building system files. This progran
would also contain the data manipulaticn language necessary

for entering data into and retrieving data from the data
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‘hase. Finally, this. Pascal program m=must contain the
procedures necessary £for logging users onto the INGRES
system. This program is seen as being very complex with
procedures and facilities needed for interactiocn with both
ORIX and INGRES.

A second program of the transaction processing systen
wvhich interacts directly with the UNIX system 1is the
transaction processor. This prograeR 1is responsible fof
displaying both users' menus and data on the terminal. This
would require the progranm to use UNIX input/output
facilities for data transfer and screen formatting. Further,
as part of the system layered approach to security, a second
UNIX users' file wculd be mpaintained by this program to
insure that only authorized users entered ther GRASTURS
system.

The final program that interacts with UONIX is the screen
formatter. This program maintains screen formats, as part of
the systen, on OUNIX files. The procedures for accessing
these formats from the files must be written as part of the
Pascal code.

The problems of system interaction are not seen as being
trivial. If any project is going +tc¢ falter it is going to
be where it interfaces and interacts with its surrounding
environment or its subsystems of which it is made up. What
complicates the task here is that we are dealing with three

distinct entities. The UNIX operating systen, the Pascal
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coded transaction processing system and the INGRES data base
management system. Insuring that all three work together to
accomplish the assigned goal is seen as a prime task in

implementing this systen.



Chapter V

CORCLUSIONS

5.1 SUMBARY

This report has outlined the design of a tramnsaction
processing system to be implemented as a component -of the
Graduate Student Record System (GRASTORS). As an integral
part of GRASTURS, the transaction processor aids in
addressing the problem of automating the administrative
tracking of Computer Science graduate candidates fronm
initiai information request to completion of all
requirements for graduation. Specifically, the report has
concerned itself with the design of a wuser friendly
interface for the 1locading, maintenance and use of student
data, required for this administrative tracking process. The
system interface with the other two components of GRASTURS,
the Graduate Student Record Data Base (active and inactive)
and the Cutput Processor, has also been discussed at a
functional level.

The design approach for the transaction rrocessor was
one of modularity, in that functions within the system were
defined and addressed as separate entities. This allowed
greater flexibility in terms of design and overall systen

development. The operating environment, within which the
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system was designed to function, included the Coaputer
Science Department Perkin Elmer minicomputer running the
ONIX operating system and the INGRES data base management
software packages. The methods emplayed throughout the
design, involved a great deal of interaction with the system
users, as well as the developers of the GRASTURS data base
and output processor functions. Where rossible, a stepwise
methodology was taken in that the design of each function
was acconplished in increments, from beginning to end,
before considering the next function.

In looking at the gemeral design of the system, the
report addresses the security of the system; the user, data
base, and output processor interfaces; and an editor
function.

A layered approach was adopted-for system security, with
two layers of user validation and cne of data base
anthorization decided upon. Tvwo types of users were also
identified. Those requiring full system access and thaose
only requiring a read cnly capability. The key design issue,
with regard to the user interface, was one of
"friendliness". This was true throughout the develorment
procéss and included such consideraticns as menus, aids, and
prompts; error handling; screen layouts; system
instructions; and screen display intensities. The data base
interface centered arcund the ability of the system to

access student data through the INGRES data base management
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systen. The use ¢f the INGRES "Cory From" caommand, as
opposed to the more cumbersome "Append" ccmmand, was felt to
e a more expedient method for adding data to the data base,
while the "Retrieve All" command was used for accessing all
the information cn a student from the data base. With regard
to the output processor interface, the design approach was
not +o have the +transaction processor do any output
processing. Control is passed to the output [frocessor for
formatting, and/or printing of departmental letters, student
information —reports or screen displays. Once output
processing 1is complete, control 1is returned to the
transacticn processor. The final function addressed as part
of the general design was that of an editor function. A
simple suitability editor was designed, with edit criteria
estéblished to aid in data base integrity. The editor
further insures that departmental letter cutput meets
certain minimally established criteria before printing.

The report goes on to explain in detail the various user
initiated functions for loading, maintaining and utilizing
the student data in the GRASTURS systenm. 1his is done
through a series of figqures representing actual screen
formats for the Add, <Change, Purge, Delete, and Output
functions. A thorough explanation is then provided so the
reader gains an appreciation for how student information is
processed through the system using each of the functions and

its associated screens.
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Finally, the refport addresses the capalbilities and
constraints of both the UNIX operating system and the INGRES
data base management systen, their interacticn and their
influence on system design.

As the design of the transaction processing system
progressed, 1t became obvious that there were some areas
that were only partially addressed, and some that were not
addressed at all, v¥ith regard to system capabilities. This
was due primarily to time and resource constraints. The
thrust of the project was to thoroughly design and analyze
as many of these areas as possible within these constraints.
Areas that were 6 not totally addressed were not 1ignored,
however, but were considered as system enhancements and are

presented as future work in the following section.

5.2 PUTURE WORK

The first, and probably the mnost important, area of
consideration for system enhancement is the upgrading from a
single user to a multiple user environment. The ability of
multiple users to access student data from the data Lase and
process that data concurrently, is a key requirement for the
system. This analysis should include not only multiple read
only users but multiple read-write users simultaneously
accessing and modifying student data within the systen.
Though not addressed in the current system, this enhancenment
repained a consideration throughout the design, with nothing

done that would prohibit its future implementation.
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The next consideration for system enhancement 1lies in
the area of security. Specifically, the reguirements of the
Privacy act of 1974 need to be addressed. The system, in the
broadest sense, does provide for the controlled access and
safegarding of sensitive student information, however,
further research and analysis needs toc be done to insure‘
that the system +totally meets the regquirements of the act.
As the report emphasizes, only a ninimum level of security
has heen designed 4into the <current GRASTURS systen. To
further enhance system security, analysis should also be
conducted on a transaction aundit +trail. This audit trail
should record dates, times and changes to the data by the
various users, as well as unauthorized attempts at accessing
the data base. The data base 'administrator could then use
these audit trails to assist in detecting whether systen
security had been breached.

An enhancement to the editor function should also be
considered at a future date should the integrity level of
the data base so dictate. Currently, the editor is only a
siaple suitability edit which checks the syntax of data
entering the data base with no regard tc data content. If
data 4integrity decreases +t¢ unacceptakle levels, this
function should be upgraded to include a more stringent
suitability edit, with analysis conducted into the

possibility of adding a compatability edit.
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$till another area to be looked intge as part of future
enhancements is moving student informaticn from the inactive
back to the active data base. An occasion to use this
facility would occur whenever purged students (i.e.,
inactive status) decided to re-enter the program. Being able
to move all inactive étudent informaticn back to the active
data base, utilizing a few INGRES commands, wWould eliminate
the need for re-entering the +three screens of data required
to be maintained omn each student. This facility could ke
implemented as part of the currrent Purge function, with the
user provided the option of moving information from either
an active to inactive status or inactive to active status.
Pipally, once a prototype system has been implemented
and the user has had an opportunity tec work with the current
screen formats, an analysis should be conducted to determine
the adequacy and ease of use of the formats. One area in
particular that should be looked at, is the gquantity of data
items disrlayed on each screen. The question of how much to
put on a screen became very difficult to address without
seeing the actual screen and being able to evaluate its use
in processing data. With the underlying concern of the
entire system being one of user friendliness the analysis of
this enbhancement shonld be conducted as soocn after

implementaticn as practicable.
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ABSTRACT

A user friendly tramsaction processing system is a
system that is easy to learn, easy to remembher and easy to
use and is one in which the mode of user computer processing
lies between batch processing and interactive processing.
This repcrt discusses the design and implementation of such
a system as part of the Graduate Student Record System for
the Computer science Department at Kansas State University.
Through a series of menus and formatted screens the
transaction processing system interfaces with the user to
add, change, delete and display graduate student
informatian. This rerort outlines the analysis of these
functions as well as the problems encountered during their
design. The interaction of +the INGRES managed, relational
Graduate Student Record Data Base, and the +transaction
processor 1is also discussed. Implementation issues are
cutlined, centering around the interaction of the UNIX
operating systenm, the facilities of the INGRES data base
management system and the Pascal <coded transaction
processing system. The report concludes by summarizing the
systen design issues and uses this as a basis for specifying

future system enhancements.



