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I Introduction

A business applications system consists conceptually of three
maln parts, a data entry system, a data processing activity and a
report generating facility. The data entry system enables the clerks
to input data directly, or from forms, into the system for process-
ing. The data processing activity consists mainly of applications
programs, e.g., inventory control, billing, which operate on the
data and produce logical images of reports. Finally, the report
gemerating facility prints out the reports from ready data accord-
ing to desired format. All these functions together provide most
of the needed facilities, especially for a small business.

Currently used programming languages try to provide constructs

which emable a programmer to program any part of a business system,

As a rvesult they are rather low level, rich and hard to master, Thelr
use requires a high level of expertise which is hard to expect from
the casual user. It is desirable, however, to generate the appro-
priate tools such that casual users and non-programmers can write

small business applications. In this manner computer systems can be
within reach of small businesses. Small businesses can now afford

the cost of minicomputers. The only stumbling block is the high cost

of producing or acquiring the right software. [Brodie & Tsichritzis]

a4t this point, many nice data entry systems are in the markert

o

(Feddlwman and Bernstein 1973]. We can also assume that the output
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report generating facility can be packaged in the right manner.
The data processing activity, however, will be hard to completely
package in the right set of generalized models and parameters.
Businesses differ substantially in their needs, assumptions, rules
and requirements. Each one has a certain way for "doing business'’.
It is very difficult to produce a general model which fits all
businesses even in the same market sector. We propose to leave this
part of an application system unspecified, but to provide the right
tools for its specification.

Let's assume in our hypothetical environment that all data is
entered into input files using a data entry system. Assume also
that a report generating facility exists which enables us to print

out data from output files in the right format. We will therefore

refer to this activity as data manipulation.

We need two main features in the data manipulation activity.
First, we need to obtain from the input and master files the right
subset of data and update them accordingly. Second, we need to per-
form some operations on the data.

We propose to obtain the first feature through

of the relstional model [Codd 1970]. By manipulating
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gualifying domains and tuples we can isolate any data we (!
our data base for processing. We will not elaborate on the fac
tles by a velational system, or on its advantages iehritez

huster 1974 ,Datvre 1972). We just point out that a

be both complete [Codd 1972] and advantageous for
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The second feature of data manipulation is the ability to
describe some computation on the data. We believe that complicated
or unrestricted contrel structures are not needed. Most business
oriented programming logic is rather simple. We propose,therefore,
decision tables as the maln vehilcle for representing such logilc.
Decision tables have been used extensively in the past [SIGPLAN 1971}
in data processing. We propose to build them in ocur language as

feature.

foder
ind
G
o
by
o

In the following sections you will find a d egscription of a

proposad language which combines relational commands and decision

;. We believe that this language can be adeguate for generai~

ing the right data manipulation programs in a business. If we assume

sepavrately, this language can provide a nice environment
for business application system generation.

There are many issues which are important in a real world
business application system, e.g., backup, security. We will not
discuss them. We are aware of their Importance. Instead, we concen-

ly on the features of the language.

the proposed language 1s to simplify application

"

maintaning the clearest possible statement of the

tlon, To accomplish this, s methodology for appli-

relopwment is proposed. A main feature of the method~

ie the division of responsibility. The applicastion progranmmer

which attempts to aveld techmnical and

allowing concentration on the problem
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to be solved. The technical aspects are handled by the Data Base
Administrator (DBA). This division is made in the languages offered,
both of which are oriented to the relational model of data. The
syStem is based on a simple relational data base management sysien

[Brodie 19737.

The DBA is responsible for technical aspectsy data def

. such

input of data and the development of application primitive

&

as programs to produce reports, For data definition, input and our~

put the DBA may use any combination of the self-contained language,

a host language with embedded commands (see appendix I) and entry or

report packages.
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& presented with a simple view of the vrelational
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data for the applicatiocn and a simple decision table language to

operate on the data base, The language consists of

actions including four data base manipulation cowmands. The actd

are either simple statements or invocations of application primi-

tives developed by the DBA at the programmer’s request,

the language are: cur
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data I/0 and unstructured branching. The programmer may deal
with the data base, greatly reducing the need to introduce vari-
ables,
& sgram consists of one waln decision table which wmay
by several secondary decision tables. 4 progrvam is )
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s set of tuples.

The features of the language are now illustrated and then

bed individually.
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Conditions

major programming tool in this language is selection which

two forms. The For statement reduces the scope of dnter-

base to a set of tuples. The rules are then

tuples into cases for processing. The ch

t sets and subsets of tuples must be made caref

w3

ion expressed in the where clause can be expressed as a

5

withi

n a rule; however, the reverse is not true {e.g.

try conditions must be expressed within rules). In

conditions 4in the where clause of the for

few in number while those in th

eclision tabl
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ules,; are complicated and numerous. The

the complicated cases that decisicn t

business
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«3 Data Manlpulation Commands

Syntax: <command> <yrelation name> [with kev <attribute name>#

2ve <gcommand> 1is Get, Update, Put or Delete.

[N
-
o

fFach of these cowmmands refers to one tuple only, whether

in the decision table. In the decision table there

each relation, Implicitly, these tuples are the

Update and the destinmationm of Get. At

table refer to the tuples in the decision

4

vaventhesized values which must be given in the oxdex

vralation definition.

[y

For statement makes these keyved rvetrievals

T

©

data manipulation.

with key Ewmpl_#

aus ¢ o= 100

trol Statements

tements Stop and Resume can be used only with Un con-

entire application.

which invoked the currvent
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5 Message Statement

Syntax: Print message <parameter list>

The syntax for the parameter list is taken from SP/K.
This statement is used to print short messages on the pro
report. This facility is useful for testing, debugging and appl

cation development.

9
da

ample: On exception_Condition: Print message 'Exception Found:

2.8 Comments

Comments may occur within /*, %/ on complete lines only,

where in the decision table.

Lase statement, 1if then [elsel, ds while or cvel

any-

These features are impli
in the decision table forcing the programmer to use them to deve

the program in a structured Way .
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Recently E.W. Dijkstra proposed two guarded command struc

Lk,
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for programwming languages. Within two types of brackets

<+« end, there are lists of statements which are

he guard condition preceding the statement list

4
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tructure is wvery siwmilar to decision tables.

sment list is
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same as guards and a stat

ed actions within a rule.
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Example: guardedconsgtruct and equivalent decision table

FOY « 0+ Where guardO

) quardl (Y | Y N
do guardd guard2 [N | Y | see 1Y
T guardl : act :

guard?2 : actions2
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guardn : actionsn actions2 2
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gelf~contained DBA language has four functions: data defi~

cutput and data manipulation. These commands may also

e used a2s extermal procedure calls from a host language.

lata Definition

nition facilitates the description of new data com-

the altervation of existing ones. There are four commands

Domain

This command adds or deletes a domain to or frowm the schens.

ratues must be given explicitly in terms of domeins that exist

'v. Five domains or user defined data types initially exist:

ric or fleat, Iinteger, picture, strimg and charvactey

i BFelation
adds or deletes a rvrelation description, For each

ing 48 71

i

fos
[EEN

quired: 2 unigue name, attribute and

key must be given.
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Example:

Relation Planning with attributes

Item_# integex

QOH integer

ON integer

string

tells the ds e which

daexed,

for performance reasons,
ample: Declare Index Planning.Item #
3.0.4 Declare/Drop User

attributes

are TO

command names a user and gives his capabilities. The
ie part of the security and integrity features of the svs

3.2 Input and Outvun
J commands are used to read data into relations and t

from relations created by an application program or pr

commands involve reading data, deleting data and wri
Packages for data entry and report generation already
these purposes.
3.3 Manipulation
ALl the data manipulation commands, listed in 4ppendix I

£o DBA. They are used primarily ¢

requested by the progr

used to

o of manipulation cowmmands 1s to te

been developed
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system. Although the data manipulation syntax is used an

native syntax to that of the DBA (section II.3) is offered. A

inventory system is presented. The method has complete

o

lon on master cards and inventorv transactilions on fransact:

v
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lations are used to represent the system in the rela-

tional data (Fig, 1L},
Maester card information has been seperated into two

On hand contains current status o

ving contalns information regarding future transaciions.

_card is a relation each tuple c¢f which describes an

action. Outstanding conditions are stored in Transac-

Finally, a Status report relation contains all iufor-

ue assume that data has been entered into the relations

entry program), so that the data base reflects the current

the dinventory. The required data manipulations, as descy

e
ot
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s of Transaction card, may be performed by executing the
— s v P ¥y 54

tion Inventory updatinmg (Fig. II1). For each Tramsaction_cvard

selected by the code and type of the
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Planning

On_hand

Iransaction_card

Transaction_register

“Status _report

with attributes

Item #

QOH
On_order
avallable
Order_ point

with attributes

Item #
Item_description
Opening balance
Receipts

Issues
Adjustments

with attributes

Item #
Transaction~code
Quantity

Type

with attributes
Item_#

Quantity overshipped

Below_order point

with attributes

Item #

Item description
QOH

Cn_order

Quantity received
Quantity issued
Quantity adjusted

Quantitymovexshippeé

Below_order point

II Inventory Control Data Base Descri

nume
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Domains numeric
Available numeric
Below-order-point numeric
Issues numeric
ITtem—degcription string

numeric
On=-Order numeric
Opening=-balance numeric
Order-point numeric
QOH numeric
Quality-adjusted numeric
Quantity-issued numeric
Quantity-overshipped numeric
Quantity-received numeric
Receipts numeric
Transaction-code numeric
type string

Planning (Item-#*, QOH, On-Order, Available, Order-poi
Key (Item-g#t)

On-~hand (Item-#¥, Item-description, Opening-balance,
Receipts, Issues, Adjustments)

Key (Item- ¢f)
Transaction-card (Itemwﬁﬁg Transaction=code, Quantity,
Type)
Key (Item-g)

Transaction-register (Item-gi¢, Quantity-overshilled,
Below=order—-point)

Xey (Item- #t)
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Statuswreport (Item-#, Item-description,

lof

On-Order, Quantity-received,

LY
(910!

£
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Ed
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-issued, Quantity-adjusted, Quantity-

~overshipped, Below-order-point)

Key (Item-

Figure Ilea Inventory Control Data Base Degcription

(An alternative syntax)
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Inventory control local to Inventory updating
/% This decision table examines the data base after the transact of Invent #/
/* Planning is examined for conditions that require action, #/
/# These conditions are noted in the Transaction register or on Transac #/
/% Finally, a Status report is printed, %/

For all of planning

On_order < O
Available - Order point<0O

Put Transaction register (Item #, On order, 0)

On_order s= O 2
Update Planning with Xey Item_ # 3

i

Put Transaction_card (Item_ £, 2, On order, ! ')

Put Transaction register {(Item #, 0, Available - Order_point) 1

On end : Print Statug_report { format parameters)
Stop

igure III (cont,) Data Manipulation Decisione Table for Inv entory Control
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ITT Conclusions

We have proposed a self contained language which can provide
a nice environment for business applications. Many features of the
language are tentative. We may want to change the details in

another iteration. An interpreter for such a language will not be

ble

to implement, provided there are available a reasona
able host language and a relational system.

applications generating system can be. based on suth

The concept can be applicable on any size of machines.,

we belleve it will be especially appropriate for small

small business systems. An implementation of the

a machine like a PDP-11/45 or HP 3000 can be a very use-

™
3

4

s

uture experimentation.
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Appendix I

Commands of the Relational Data Base Management System

The language is based on a simple relational data base mana-
gewent system which supports the following commands:

Commands

e’
Pt
e d
o
re
e
I
fos
bady

3
=
L/w
;”‘?
%Ae
ﬁ

2. UPDATE

referring to a keyed tuple
"
wd

e
&, DELETE

5. For [all of | at most n of | one of] <subrelation»

6. JOIN

8. PROJECT

on Commands

e
o

9. Define/D Domain
10, Define/Drop Relation

+ y

11, Define/Drop Index

12, Define/Drop User
L3, Read Tuple
14, Wrire Tuple

“Seveéral syvstems which supplies these kinds of commands on =z

 @&&& base have proposed [Brodie 1973, Moris 1972 CGAMMA-O






