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ABSTRACT: Small machines have become increasingly powerful and versatile. The only limiting factoa
is the general software available on them. With adequate software support they can be used, not only

.. a2 P = 1 4  de, d
for scientific and process centrol, but also for business zpplications. There is especially a nee

facilit : E s a 1 rela hich is being imple-
for improved data management facilities. DETAREL is a =wall relational system w
. ’ 1 0 oparations to facilitatzs user sccess to

mented on a small HP2100. It has some elementary r=l onal
the data base. In addition, it has a decision table interfzce to enable the user to specify re%ﬁesgé
and data manipulation commands in a simple way. ALl the facilities are integrated in one high leve

user oriented language.,

INTRODUCTION

The recent developments in minicomputer archi-

© tecture has allowed to build small machineg

which offer a gamma of services comparable with
those provided by large machines. Minicomputers
are cost effective. Small business can now af-
ford the cost of minicomputers. The only stumbl
ing block is the high cost of producing or ac-=
quiring the right software. Indeed small busi-
nesg need more adequate software support. They
do not have the expertise or resources to pro-
duce the software themselves. There are many
organizationg, which have applications that
require data base management but which cannot
afford to develop the required computer system
software. Therefore it is necessary to develop
data base management systems (DBMS) for small
machines. These systems will serve organiza-
tions that have small scazle needs such as small
er data volumes, simpler vtilities and = small
budget, In addition, there iz the possibility
to insert small machines in a distributed sys-
tem: a mini DBMS together with a homogeneous
network facility seems a suitasble environment
te solve the information needs of large organi-
zations, which operate in a decentralized Fash-
ion,

There are three major approaches to data base
nanagenent

1) The hierarchical approach
2) The network approach
3) The relational approach

We believe that the relational approach ls best
suited to our goals and requirements. We will
not elaborate on the facilities offered by a
relational system, or on its advantages, We
just point out that relational systemns offer
some advantage to the non expert programue:r
[Codd 1970 , "coda 4 pate 1974].

The users of our system can vary including:
clerks, secreteries, managers, application pro-
grammers and Data base Administrators. Tt is
desirable for the users of a data base manage-
ment system tc interact with it in a way most
suitable to thelr taste. Codd identifies differ
ent types of languages which have bearn davelop—~

ed for the guery and modification of relational
data bases [ Codd 1974]. They serve two differ-
ent types of users:

casual users (nonprogramuers) and
application programmers

Clerks and managers access the data base via
the nonprogrammer interface. Application pro-
grammers and Data base Administrators access
the data base via the programmer interface, but
may also call on the programmer interface.

The programmer interface provides access to the
data base from a host programming language
(FORTRAN IV in this case) via a set of data ma-
nipulation operations. These operatlions operate
on a tuple-at-a-time. Operations such as GET a
tuple, INSERT a tuple, REPLACE a tuple, DELETE
a tuple are provided. However the purpose of
this paper is to concentrate on the nonpro-
grammer interface.

DETAREL

The nonprogrammer interface is praovided tc allow
casual users access to the data base, without
the aild of a programmer. The casuval user is pre
sented with a simple relationsl view of the
data and a simple decision table languags to
operate on the data. The decision tables con-
trol the flow of his actlions on the data, We
believe that complicated or unrestricted con-
trol structures are not needed. Most business
oriented programming logic s rather simple. We
propose, therefore, declulion tables as the main
vehicle for representing such logic. Decision
tables have been used extensively in_the past
in the data processing [ SIGPLAN 19?1}. We pro-
pose to build them in our language a3 its main
feature. The DEcision TAble RElational Language
(UETAREL} is a non procedural language which
does not make use of variables, quantifiers or
other mathenatical concepts; rather it uses an
English - keyword format. The version of
DETAREL, which 1s now being implemented, includ
es facilities for quexy, insertion, deletion




. [Thanas & Fraccalil

ot
m

ATREL pregram consists of one & n
illustrated in figure 1.

R statement is used to

eraction with the data

of FOR = ment:

a) FOR ALL TUPL

b} FOR EACH TUP
TUPLES <REL

the scope
have two

‘E;ATJUN

first type of FOR shatement involv
ztion and implies that the following
ion table contains only simple '/njltiﬂnc

i.e.. conditions that involve z compa on a
single value. The second type of TOR statement
involves two relations and implies that the fol
lowing decision table contains compound condi-
tions as well as simple conditions, with the
restriction that the simple conditions
fering to <RELATION WAME 1>. By compound
tions we mean condltions that involve a
tion of a domain of <RELATION NAME
set of values salect < RELA
The conditicns are the quaiif

lity. It enables the user to choose a sub
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relation based on Boolean combina
conditions on domain values, have saen
the conditions may he simple Condi
tions are used to determine iie applies{

The condition is stated in nand colunn
and 1ts values are LUSL columnsg
The conditions are with limited

ies ¥, N or bzank Actions are performed
in rules in the integer order given, The
actions with blank entries arc ignored. The

actions are data manipulation commands i.e.,

invocations of system functions, whose syntax
is of the form:

<command:>> ::= { <UPDATE PURASE <INSERT PHRASE>|
<DBELETE PURASLE>[<OUTPUT PHRASE> }

<UPDATE PHRASE> = UFDATE <DOMAIN I\/\ ME >

{BY {<VALUE>|<5TRING>
<DOMAIN NAME>)|{ 1Y ADDING
| BY SUBSTRACTING | BY MULTIPLYING

BY | BY DIVIDING BY}H <VALUR> |

<OMAIN \’AM[‘.>}},<DOM/‘\_IN NAME>{BY
{<VALUE>| <STRING>| <DOMAIN NAMES) |

{ BY ADDING | DY SUBSTPJ‘[ETING

{BY ’\iLJLTTPLY‘H’" 3'5(3 BY DIVIDING
{<VALUE>|<DOMATIN NAME>)

Lo BERY <DOMAIN HAMIE> =
vz\L,Ua/kc'mT\ iG>} [, <DOMATIN NAME>
= {< VALdL)[/“T”NN(‘ 1]
<DELETE PHRASE> DELITE
<QUTPUT PHRASE> ::= QUTPUT <DOMAIN (\IJ\)’\@L‘)L

<DOMAIN NAME> ]
On condition statencnts are used to detect spo-
clal CLLuatfona that may arise at any time dur-
ing cution. When a condition is datected the
associated actions are performed. On conditions
have the form:

<INSLRT PURASL>
(e
¢

<0n condition »: <action>

Conditions are restiricted to those detectable
by the hardware~software support of the inter-
preter plus an end condition to terminate execu
tion. -

ach column on the right hand side of the dec
sion table corresponds to a rule which consists
of a set of conditioﬂs and a cf actions.
The rule holds if and only zach condition
holds a”?OELiﬂg fo its nntry in the column (Bij
may be N for ‘no', Y for 'yes® or blank for
‘don't care'}, Only one rule may hold at a time.
When a rule holds the actions indicated and
ordered by the integer entries in the action
colunn, Ok3i, are performed,

@

DEATEREL 1s intended for people who have need
for interaction with & data basc but who are
not trained programmers. The objeoctive of the
language is to provide a simple, easy~-to-learn

itive actions 1%ed
ion from table
column®. Absent
s, explicit inter
i gquanti-

means of
by peopls
such as "look up a valu i
from the language are: CUrsc
i control st
fiers etoc. We bel
provide a nice envivonm
system also
the Wser, €.¢.
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and systemn functions.

e
S o

ERAMPLES

The faci ETAREL will be introduced by
two sxar i a data base which describ-
es A §r The data base containsg the
follow
LOYEE {(ENO, UNIT, JOB CODE, TITLLE, PRIMARY

SKILL, SECONDARY SKILI, SALARY}
DEPARTMENT (ENO, DEPT, MCGR, FLOCR}

Example 1 (Fig. 2}

- List NAME, JOB CORE, TITLE, of all those work
ing as electrical engineers or in a position
where electrical enginecer (skill code = 1130}
is i i code of the position.

- L T, JOB CODE, PRIMARY SKILL, for
21 primary skill does not corre-

jal code reqguired for the posi-

cse who have the skill of elec

code = 1130} .

- List NAME © have the skill of eleg
trical engi are occupying a position
reguiring a dWLioz@wt job code.

- Find and identify all those employees who are
either skilled as clectrical engineers and
have an annual salary over 10.000 or arve
skilled as wmaechanical engineers (skill code =
1120} and have an annual salary of 11.000 or
more.

- Print AVERAGE SMALARY for all electrical engl-
neers in the company.

- Find how many pcople are employved in the
company .

- Increase SALARY by 5% to every one in the
organization.

£
trical engine
f

sxample 2 (Fig. 3

~ List NAME, ALARY of all those working for
the TOY dcp&rtmunt.

- List NAME, JOB CODRE, SALARY of all those
havinj a5 Managoer ANDERSON.

- List NAME of all those working
on the second f[loor.

~ Update SALARY of all those working for the
SALES department by 1.000.

for departments

IMPLEMENTATION CONSIDERATIONS

It was fellt that a simple approach to the imple
mentation of a mini oriented system should be
followed [Mc od & Heldam 1975]. Some of the
ementation problems in large rela
can be avolded in the environ-
computer.

intricate i
tional syst
ment of a om

=
=gt
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The DETAREL Intcrpreter implements the DETAREL
languaqL using o low level data manag ement Bys-—
tem fo torage and retrieval of data in the
relations. The 1nterpreter must
-procedural DETAREL statements
sequence of tuple~at-a-time
commands. The DETAREL Interpreter is

iutv an afficient
low Iruv«u

a FORTEAN IV vrogram. Its mailn sections are a

ntactic Analyzer, a Rule Mask Algorithm and a
aosiator [Tudﬂﬂh & Praccalind 1;76].




The syntactic Analvzer checks syntax and genei-
ate clean form of the DETAREL commands for
e slator, as well as data structures for
Mask Algorithm.

1 structures created ave: a condition
containing an enLry for every condition
he condition part in the decision table; an
on matrix containing an entry for every ac-
n the action part in the decision table,
ix representing the action entyy of the

on table. Moreover there are created two
ices, the mask matrix and the table
prefer to create matrix data struc-
netead of binary trees because they are
o manipulate.
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We have selected the Rule Mask technique for
processing 5@C151pn tables, we will give a
short description of this algorithrn for a limit
ed-entyy decasion table.

The sntries in a limited- entry decision table
are Le"na”y If we want to represent the deci-
si table in binary logic, we have to use two

T w

for each entry. Gne Nav is to use one bit
¢ indicate whether the entry is a dash (0} or
not {1}, the other bit to indicate whether the
entry 15 2 Y. Thus we get a mask matrix and a
table matrix. The actual preocessing of the deci
sion table is done in the foliowing way. A b
Ty transaction vector is built by placing a "1
@ach true condition position and a "o in
other positions. The conjunction of this
ctor with the first rele column of the mask
trix is built and comparad with the first
lumn of the table matrix. The conjunction £il
DI ou‘ all non-pertinent entries. The comps E
with the teble matrix shows whether the p@r
ent Y-entries match. If they do not match,
conjunction and comparison are repeated for
the second column and sc on. If the decision
table is complete we will certainly £ind a rule
which corresponds to the actual conditions. If
the decision table is redu ndant or ¢nccnsiscentﬁ
we might even find more than one rule. When se-
lecting & method for processing decision tables,
ocbjectives are the minimization of the stor
requirements for the object Program, or
minimization of +«he average execution time.
terms of storage requirements the rule mask
echnigue is very efficient. In our environment
storage requirement is a criticail factor,
0 we have selected the rule mask technigue.

har |
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The Translator makes the semantics checks and
generates the data structures for the iow level
data management system: i.e., it translates the
DETAREL commands represented by the matrix data
structures, as has been mentioned zbove, into
lew level comman represented by command con-
trol blocks. These data structures, describing
the vser and the command type, are built by the
Translatcr and are passed as parametars in a
pfnﬂgdurﬂ call to the low level data management
v

jor
m

ow level data management sybfem is written
5

T

in embler. The main moduie of this system is
tne mon;fcr‘ It receives the low form of the
data manipulation commands, emitted by the Trang
lator , wnLch are represented in a set of data
structures (command control blocks). The monitor
uses the LaCL]Lt{Gq and the information in the
user schema to execute the commands by calling
the various commands procedures. Distinct data
manipulation commands are handled by different
proce “ures. For memory allocation and I/0 opera-
tions we use the Basic Control System and the
facilities offered by the Operating System DOS /M
of the 1P 2100F.

in our system there are two relations types:
i.e., relations with independent existence {or
primary relations) and relntions which are form-
ed from other relations using relational opera-
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relations!. The derived relations
may be ypes, iaekf ejther derived rela-
tions which ave independent after they ave form
ed {snapshots}) or derived relations which con-
tinue tc abide by their definitions and they
change reflecting the data base modifications
{views). The quevies, in our system, are onsa
relation at-a—~time. The user can create, by
using data manipulation commands, only snap-
shots, while the data administrator can create
vliews using rela nal operations. For views
the system retains only the name and recon-
structs on the fly. No later updates are
zllowed on views.

tions

CONCLUDING

REMARK

the Decision Table Rela
m which is being implemented at: the
Elaboxazione delle Informazione of
the National Research Council. The system 1s
implemented on HP ?aOOF with DOS/M. Only a sin-
gle user program may execute at-a-time. We have
implemented the Interpreter and Basic Control
System, and we are now working on the low level
data management sysztem. We hope to have a first
versicon running at the end of 1976. Improve-
ments and additions to the implemented version
of the DETAREL will be made, in particular we
hope to introduce extended entry decision ta-
bles, and add a macro facility. In addition we
plan to implement inverted files as the basic
tool for minimizing tuple retrieval operations
in interpreting a .ery. We hope to use our SYS
tem in a realistic . nvironment %o demonstrate
the practical feasibility of a relational sys-—
tem for small business applications.
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SAL Z

-

PRIMARY SKILL = 1230

AME, UNIT, JOB CODE,

SKILL

LIST TOTAL ({(ENO} [

LIST AVG (SAL}

()

UPDATE SAL BY MULTIPLY 0,05 2

LIST MAME

ENG

)

FOR

OF DEPARTMENT WITH

54

LIST NAME, JOB CODE. SALARY

v
¥ ¥
MAME, TITLE
UPDATE SALARY BY 1600







