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APL AS A LANGUAGE FOP HANDLING A REIATICNAL DATRA-EASE
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Abstract

Afl has received a good acceptance as a larguage tc be
used ir an interactive systen, The t(cwer of an Al systenm
can bhe dramatically increased ty prcviding data-fkase
capaltilities. The larquage may then be used tor creatinjy,
updating and r~etrieving informaticn,

We relieve that the mcst rpremising ygeneral approach to
mcdelling a wile variety of data-structures is relaticral,
We skcw hecw the APL larguage may bhe used to handle a
relaticnal data-tase,

Tlte tasic elencnt o¢f data is called a data-item, Sone
data-items, called entities, are given a unigue idertifier.
Data-iters may te linked tc entitiecs ac attributes., Entitics
may be linked tetwecen themselves ty 1relaticns. Ey
intrcducing the uriverse ¢t disccurse as teinc the crderaed
set of all identifiers, a 1elational wmodel becomes 1an
Yarray" model as in AFL and the pcwer cit expressicr ct the
APL larguage 1is autcrmatically available.

The arrays rapresenting attrilutes and relaticns 1re
sparse and rTeqguire an arprcgriate physical representation.
But this paper is concerned only with a lcgical view ct the
data and does not propose any implermentaticn.

languvage, AFIL, data-base, date-trank, files, r1e€elaticnh,
relaticnal rnmodel, irfcrrwaticn retrioeoval, rroblem-solvinyg,
interactive.
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INTRODUCT ION

The last few years have seen spectacular developments
in the functional capabilities, performance and availability
of time-sharing <cystems, By creating a new interactive
environment for computer usage they have stimulated interest
in rew applicaticns and 1in new approaches to more
conventional ones, But the «crucial importance of respcnse
time, the complexity of new applicaticns, the fact that the
user is more protably an applicaticn specialist rather than
a professional programmer have <ccntributed tc make scme
needs mcre arparent.,

let us try to get more insight intc these requirements
by considering ar irguiry system,

In such a system the organizationm of data on auxiliary
storage is most important. Informaticn must te stcred and
retrieved with gccd performance, This generally requires a
sophisticated data-base structure. A language must be
available to specify the queries, This requires nct cnly
logical but also arithmetic and editing capabilities. It is
also necessary to be able to keep track «c¢f the data
structure when infcrmaticn is brought into core for further
selection and processing,

But it is 1interesting to ncte that 1interactive
applications which seem to te very different in nature cften
tend tc require very similar or even identical features, And
the regquirements for an inquiry system are alsc valid fcr
any cn-line propler sclving application.

We sunrarize these requirements as follows:

- handling of data structures 1in core and cn auxiliary
storage

- use of a general language for retrieval and
processing cf data.

As already mentioned, an interactive envircnrent asks
for tools which serve best the needs of application
programmers, We feel that a new approach tc data
organizaticn, at a fpurely 1logical level, would facilitate
the development of interactive aprplications, It must be
emphasized thkat these requirements are only more apparent in
interactive applications, They do hold for data frccessing
in ceneral, Sore arplications will wuse powerful data
structures in core; some others will ke more orierted tcward
the manirpulaticn of a data-base. But most applications
require simultaneously data structures and data base
facilities, They wculd therefore alsc benefit from a logical
and integrated view of data, Such a view 1is propcsed in this

paper. It is based c¢n fcur concepts which concern
successively the data structure, the language, the
information coding and the array representation of

relaticns,
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CONCEPTS

Data_structure

Most programming 1languages support some kind of basic
data structures, for example vectors and arrays. Others
include features needed to handle more <complex structures
such as pointers, lists and rings. On auxiliary storage the
structure of data generally appears under another form:
fields in records, records in files, indexes etc. This dual
view of data is rather artificial in the sense that it has
been imposed by the hardware technology. It 1is responsible
for a drawback in programming. Input/output statements are
required as soon as auxiliary storage must be used,

On a purely logical 1level the user wants to address
data in the data universe. He should be unaware of a dual
cores/auxiliary storage residence, (This does not preclude
the existence of a dual view at a lower level in order to
take full advantage of the available hardware.)

But even the assumption of an "infinite" core 1s only a
partial solution because the user wants to address data not
by core address but rather by references meaningful to his
application., In order to progress 1n such a direction a new
logical view of data is needed. Ke feel that the relational
approach proposed by E. Codd (2) constitutes an excellent
frame tor a new data definition,

For reference, let us recall Ccdd's definition ot an
n-ary relation. Given n sets S1,S2... Sn not necessarily
distinct, an n-ary relation K on these sets 1is a set of
n~-turles, each of which has 1its ith element in Si. S1i is
called the ith domain of R. 1In order to refer to some
specific domains of R, the domain name may be used only if
it is unique in the relation R. If not, a role name must be
used to specify a domain without ambiguity.

At this point it is sufticient to understand
intuitively that elements involved in relations are atoms of

data, also called data-items. They will ke defined later.

Example : for illustration we shall use an example
suggested in {2). In a firm there exists a set ot
projects, a set of parts, a set of suppliers. A
relation

Supply (part,project,supplier)

is a set of n-tuples. Supply is the name of this
set. The first element of an n-tuple 1s a part, the
second one a proiject, the last one a supplier. It
indicates what parts are supplied to which project,
by what supplier.,.

But relations may also be used to specify complex data
structures in <core. Consider a binary relation R(S,S)
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defined on two identical domains S. It wmay be used to
organize cells into a list. The domain S is the set of
cells. A 2-tuple (si,sj) is a member of the set R if the
cell sj follovws immediately the cell si in the list. If one
assumes that two particular cells 'top* and *bottom' are
also members of S, then the 1list 1is represented by R
containing the following n-tuples :

top,si
s1,s2
52,0‘-
si,si
«sey,botton

Lanquage_ requirements

Several lanquages exist for specification of processing
in an interactive environment, It is beyond the scope of
this ©paper to analyze or compare the characteristics of
these languages, But the pover of expression of APL
{5) (7 (8) {9) {11) has been recognized and 1its acceptance
enhanced by the 1increasing number of users in different
fields,

Specialized 1lanquages have also been proposed for
specification of data retrieval, for queries for example
(3) » These lanquages must always be imbedded in a general
purpose lanquage ia order to allow processing of retrieved
information, We feel that an inteqrated approach, a single
lanquage with a uniform syntax, should be used. We shall see
how APL can be used for such a purpose.

In this paper we always refer to APL as a language,
never as a particular implementation or systen,

We suppose the reader is familiar with the general
concepts of APL. References to the language will use only
basic statements and will be annotated. Only the final
example requires a more extensive knowledge of APL.

A remark is necessary concerning the level of language
wvhich 1is considered here. The description of a computer
central processing unit implies the description of the data
representation or data model (character, word, address) and
the definition of a "machine langquage", A machine language
is a set of instructions (or statements) wvhich specify
operations to be performed on the data. The same
relationship exists between the higher level lanquage APL
and the data model on which it operates., The APL data model
is based on arrays. But what about the common criticism on
APL: how to introduce input/output operations, how to
implement complex data structures?

our ansWer consists of defining a m@more powerful
relational data model, on which the APL language may
operate, without any syntax alteration. The scope of this
paper is precisely the definition of this model. We do not
intend to discuss the implementation of such a machine. We
are looking only at the APL interface.

It is also clear that a higher level language could be
designed., Statements would then be compiled or interpreted
into APL formn.
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Any represertaticn of data in a computer implies an
internal coding. We now define the coding schera used ir the
model,

One must first define the atom of information, the
smallest piece of data which can te invclved in a relaticn.
This ncticn is irtuitive, But we define it more formally by
reference to the APL definition of a variable,

A data-item is a scalar or an array. The scalar cr any
element in the array rmay have «cne of the following types:
legical (-1, 1integer, floating ©fcint, character. All
clements in an array have the same type, A single element of
an array can be selected by specifying its indices., The
numbter of indices required is called the rank cf the array.
A  function P arrlied +tc an array A yields the size (or
shape) of A, that 1is, a vector whose <ccmponents are the
dimersions cf A, The ith dimersicn represents the number of
different values which can te assigned tc the ith index,.

Gcing tack tc the definition of a relation, we now say
that the elements in the sets S are data-items. A data-iten
is atomic as far as relaticns are ccncerned.

Several coding mechanisms may be used to reference a
data-item., let us first consider tvwo crposite mechanisns.,

a) The internal machine code is used to represent the
numbers or characters of the data-item. This means that any
reference to a data-item 1is done ty specifying the whcle
value cf the data-item, If it must be stored the whole value
is stcred. If the data-item 1s fetched, the creraticn
returns the value, This 1s very convenient if the data is
referenced only once, If it is referenced several times it
becomes uneccncmic as far as space 15 concerned., The higaly
variable format of different 1ata-itcrs  cculd alsc
constitute a majcr rroblem,

) Fach atcw c¢f infcrrmaticn within the system 1is
assigned a unique identifier (referred tc as id). We assunme,
without loss of generality, that the 1id is a positive
integer. All relations between data-items are stcred by
using the id's, Such coding has bheen used in (6) and (12).
It assures a good use of space as the id's generally cccury
less <=space than the data-items themselves, It also
standardizes the format. But for e€ach such data-iter cne
intrcduces a new abstract data-item <called entity. The

original data-item is in fact an attribute cf the ertity.

This is consistent with a definition cf entity given by N,

Webster: "the existence of something as ccntrasted with its
attritutes cr rprcrerties”,

In the proposed data model we adopt the mechanism b)
for the representation of relations tetween data-items, but
We also allcw tie mechanism a) tc be used for a common
srecial case, This is illustrated Lty an examgle.



Ccnsider the tabhle A (it could also be a file)
containing the descriptions of parts.,

Part Number Description

M1637FT12 descriptichessessse

G123888dd descripticnieesesse
Table A

Such informaticn «can be cecded by defining entities called
PART with an attribtute PAFT_NUMBER, entities called DESC
with an attribute CESCRIPTICN, and a relaticn

D (EART_Id, LESC_id)

relating each entity PART tc the ccrrestonding entity DESC.
But this is probably the cnly rlace where the descriptions
are ever used, and the introducticn c¢cf an id fcr each cf
them offers nc advantage. If %e ccnsider each description as
being the value of an attribute T[FSC cf an entity PART, the

information concerniny the descriptions can te specified by
DESC (PABT_Id) = descrigticn

Corresgendingly
PART-NUMBER (PART_Id) = number

Tn summary, several attributes may te defired fcr an entity.
A giver attribute takes a single value for a given entity.

Array _rerpresentaticn_of relaticns

The three previcus ccncerts lead us to the protlem of
representing attributes and relaticns uscing APL syrtax.
Tte functicnal exrressicns,

Supply (id_part_1,id_project_2,id_supplier_3)

o u
-
ry
[
®

(2)
attribute (id) = value

for the speciticaticn ctf relations and attributes are cuite

natural. But APL - cr any cther precyramwming language - doas
not allow this use of a function at the left «cf the
assicnrent sign, By introcducing U, the universe of

discourse, as being the set of all pcssitle id's, an r-ary
relaticn may be seer as a lcgical n-dimensional array where
inlices are id's of entities and when a particular elerment
has a value 1 if and c¢nly if the corresponding n-tuple of
id's satisfies +he ralation, Fxpressicns (2) Leccre, using
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AFL notation
Supply (id_part_1,id_project_2,id_supplier_3 ] « 1
attribute [id ] <« value
A n-ary relaticn has thus an array forn
R[11;12;1i3,40.3in ]

A geometric interpretation follows immediately. A n-ary
relaticn is a set of points in a n-dimensional space (where
only integer ccordirates are used). For example a relation R

centaining the 2-tuples (2,3), (4,2) and 5,3) gray be
represented ty A,B,C in Fig. 1.




EAGE 8

CATA MOLCEL

Universe

let us denote bty N the maximum number of entities in
the system. Then the Universe cf discourse is defined as

U <« i/

J is the integer vector (1 2 3 ... N).

Fntities may be grcuped into sets called Fclasses. Each
Fclass is referred to ty an id. The characteristic «c¢f the
set cf ¥Fclasses 1is defined as a vectcr ECLASS of N logical
elements whore FCLASS [ 1 ] has a value 1 if and cnly if 1 1is
the id of an Fclass, This vecter is iunltialized by

ECLASS <« N0

NAMF is defined Aas an array of characters cf size (N,n)
where NAMF [i; ] 1is a character vector associated with 1,
Name is initialized by

NAME « (N,n) o' 7?
At this level we igncre the fact that the nane may be

varialrle in length., Fig.2 gives a geometrical
interpretation.

ID N A ML

W e

XXXKXXKX NAMELT ; |

I

FIG. 2
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A functicn ID perrits us to retrieve the id corresponding to
a given name, By definition

IT MAMEL i3] =1 is true

LCefiriticn of an_Eclass
An Eclass with id=i can be defined by using
EcLAsSs [i] « 1
An Eclass must also he named by a statement

NAMFE [i;] «'eclassname!

One associates with the Fclass a lcgical vector which is the
ctaracteristic of the Wclass ard initializes it hy

aclassname <« Ne?d

Defipiticn of attrikutes

Ar attribute is a varialle which may have a unique
value for a giver entity., Ncte that 'variable' is wused in
the API sense and may be an array.

The characteristic c¢f the set of attributes is defined
anl initialized by

ATTEF <« N p0

An attritute is referred tc by an id., An attribute with id=j
can be defined by

ATTE [ 4] « 1
An attritute must be named by a statement
NAME [ j;] « tattrname!

A variatbtle must ke defined with this name and appropriate
shape and type by

Attrname « (N,x) py
where x specifies the share wanted for the attritute «cf a

single entity ard y the default value of the attritute.
Pig.3 represents an attribute geometrically.
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FIG., 3

If the attribute of a single entity 1is a scalar, the
statement becores

attrrname + N py

link between attritute and Fclass

R ot o o e e s o S —— . i — -

Ttere exists a system relation ATIRIBRUTE with the
corresponding array fcrm

ATTRIBUTE [i;5 ]

where 1 is the id ¢f an FEclass and j the id of an attritute
and

ATTRIRUTE [i;5 1]

has a value 1 if and only if an attritute J ray te afpplied
to eptities in Eclass 1.

Note that NAME may be considered as a4 systenmn attribute valid
for all Eclasses,

2 pmaipen i e L oL Qo R e s Lo SRR~ me L S — = A=l

An entity with id=k is defined and assigned to the
Eclass 'eclassname' by

eclassname [k ] <«
Trte form cf statements assigning valtes tc attritutes cf an
entity k, derends cn the shape or pcrtion of the value which
must be assigned,.
Fcr exanple, if the value is a scalar,

attrname [k J« scalar

If 1t is a vector,
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attrname [ x; J« vectcr
If only one element of the vector has to be changed,

attrnama [ k3h;1l ] « scalar

Relaticn_and FEelation class (Rclass)

. e - — " —_— — o o~ - o 2o ot e S >

We hav=a se2r hcw an n-ary relaticn R is represented by
a n-c¢irensicnal array., The relaticn £EK itself 1s an entity
and attributes may te defined and values assigned tc thenm,
Thus a ccmplete rarallelism exists between ECIASS, entity
class, entity and the following definitions.
Relaticrh ray ke grouped intc an Rclass, The
characteristic c¢f the set of Rclasses 1is defined and
initialized by
ECIASS <« Np O

The defiriticn cf an Rclass with i1d=r is done by
RCLASS [ tr J«

and

NAME [r; ] «'relclass!?

Attributes may e defined and assigned exactly as fcr
Eclasses,

A relation with id=m, in Rclass freclclass! is defined
by

relclass[ m J« 1
and
NA¥E[ m;] « 'rname?

and tte nunrber «¢f dcmains, n, on which the relaticn 1is
defined, is specified by

rname <« (np N) p 2
This also initializes the relation as enapty.
Basic operations on relations include
n-tuple insertion in R R 1;JiKkess] «1

deleticn in § R i333kKees J« ©
existence test R [Ai;jskees ]
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System attritutes may be applied tc relaticns tc
specify scme physical c¢r lcgical prcperties, For example

sysatt1 [ mn J« 1

wculd 1indicate that +this particular rfprcperty hclds for
relaticn m, The choice of these attritutes is inplenentaticn
dependent.

Domain definition

A higher level language should te atle tc identify the
dcmain of a relation, This infcrmation must be included in
the data model.

A domain may be an Eclass o¢or the union of several
Eclasses, A systcem relation is defined, with an array fcrrnm

CCEAIN [isi:p ]

where 1 is the id c¢f a relation, j the id of an Eclass and t
an integer and

DOMAIN [1i;7:P]
has a value 1 1f and only if the pth dcrmain of relaticr 1 is
Eclass j cr includes j as a sukset.

It is ipitialized by

DOMAIN « [{N,N,N) o O

Role definition

A higher level language must alsc te atle tc refer tc a
particular dcmairn by name. ¥e already mentioned the
necessity of introducing a role name when the dcrmains are
not unique., This is alsoc trve for a domain which is not
defined by a single Fclass. The informaticn ccrcerning the
roles rust alsc aprear in the rmrcdel.

The characteristic of the set of roles 1is defined and
initialized as

FATTR « N p0

A role 1is referred to by an id. A role with 1d=j can be
defined by

FATTE [§] « 1

NAFKE [ ] <«'rclename?

There exists a system relaticn
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ROLE [i;3;p ]

where i is the id of a relation, j the id of an Eclass or an
attribute, p is an integer and

ECLE [i;3;p]

has a value 1 if ard only if the pth domain of relaticn i
may te referred tc by role 7.
It is initialized by

ECLE <« (N,N,N) p O

MORE COMPLEX OPERATIONS

The reader who 1is familiar with AFL will see
immediately how the power of expressicn of the language may
be used in ccnjurcticn with the r[roposed data model. Fut it
is wcrthwhile to point out some tasic functions.

- 1If an Fclass 1is called ?'eclassnane! a vectcr
containing the id's cf all entities in the Eclass is

eclassnape/U

as this expressicn selects from U the id's for which
eclassname [ id] has a value 1,

- Set creraticrs are fperformed on the characteristics.,
If C1, C2 are the characteristics of two sets, C1 v (2 is
the characteristic of the set ottained ty taking the uricno
of tte two sets ard C1 A C2 the characteristic of the set
obtained by intersecting the two sets,

- In a relaticn R[i;jskes. ] the characteristic cf the
set cf all j's satisfying R[ifC;j:k0...] = 1 is

R [i0;:k0...]

- A very common operation used in relaticr fprccessing
is the prcjecticn which eliminates some dcrairs <¢f a
relation, We refer to (2) for analysis of this oreraticn and
the follewing cnes., Elimination cf dcmain 1 may be written

as
vy [1] &

(compression alcng the ith dimension, using the OR
orperation) .

- A permutation of domains 1in a relation is equivalent

to the APL transgpcse cperatcr.

- Another impcrtant operaticn on relations 1is called
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join. We consider the join betseen two binary relations
(extension tc higher order relaticn is immediate). If K[ i;jl
and S [k;l] are two relations jcinaktle on the idertical
domains cf j and k, then the AND cuter product

Z+R0¢As

yields a U-dimensional array 2 in whick 2 [i;3d;k;1]1 = 1
if B [i;3) = 1 and s [k;1] = 1 ; and the transpcse cperaticn

1223 ¢ 2

eliminates the ccmrcn dcmain., The join may thus be written
as

1223 ¢R °aS

Conclusicn

This paper has shown how APL may <cperate cr a
relaticnal data-hbase. Any inmplementation based on this model
needs to define the physical <characteristics cf the data,
that is, the way they are actually stored on auxiliary
storage, and then code the algorithms corresgcnding tc the
APL orerators. This wculd epable 1implementations to be
compatible with existing data-bases. Only a sutset cf the
operatcrs may be imrlemented if ore wishes to specialize the
system for pure data retrieval.

It is ctvious that an isplementation could not use the
cenventional physical representaticn ¢t arrays as in the APL
System {10), Fcrtran or PL/I. As arrays representing
classes, attributes and relations are sparsely fpcpulated,
one wants tc adcrt a mwcre compact representation. Eecause
auxiliary storage is used, a segmentation ct infcrmaticn
must exist and be based c¢n lcgical criteria, Bkeport (4)
describes a specific 1implementaticn cf a relaticnal
data-ktase, which is based on these principles., Such an
approach may be used to organize physically the infcrmaticn
centéined in starse arrays.
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APPENDI X

FXANMELE

An extensive exanple is presented., The context of the
~xamrle has been mentioncd tefore., One defines cets <cf
entities: rrojects, farts, suppliers, Farts may have an
attribute (quantity on hand). A relaticn is defined

F (pAart,project,supplier)
(R is used instead of Supply for conciseness) .

The exanyrle bhas heen tested using a simulaticn c¢n a
standard APL systenm with a very small universe.

The first ten 1lines are used for simulation., They
initialize the system values and relaticns,
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DEMO

<25

U< i

NAME< (N ,4)p ' X!
ECLASS<«NpO0
AlTR«RCLASS<RATIR<ECLASS
ATTRIBUTE«(W,i)p0
DOMATN<(N N, i)p0
ROLKE<~DOMAIN

a

ECLA55[1 2 3 uj+«1
NAME[1 1« '"PARL!
NAMELZ 3 ]« "PROJ!
NVAME[ 33 1«'SUPP!
NAMETL Uy j<tdsoB!
PART<~PROJ<«SUPFP<AS5B+iip0
a

PARIL7 8 9 10 20 21]+«1
PROJL11 12 13 14«1
SUPPL15 16 17 22 23]f<«1
a

ATTR[S5 1«1
NAMELS 3 J«'"gUOH!
QUOH<Np O

P

RCLASS[6]+1
NAME[6 3 J«"RULL!
RCL1<WpO

RCL1[18]1+1
VAMEL18; ]« 'R
R<(3pli)p0

A

RATTR[19]+«1
NAME[19;1<'"COMP"
DOMAIN[18; 1 4 ;1]+«1
DOMATiw[18;32;2]1«1
DOMATI[1833;3]1+«1
ROLE[18;1931]1+«1
ROLE[18;2;2 1«1
ROLE[186;3;3 1«1
APPRIBUTE[135])+1

A

v

DIMENSION OF 1THE UNIVERSE
=25
UNIVERSE VECTOR
NVAME ARRAY
INITIALIZE CHARACTERISTIC FOR rCLASS,
FOR ATTR, RCLASS
ATTRIBUTE(ECLASS ,ATTR)
DOMAIN(RELATION ,ZCLASS ,POSITION)
ROLE(RELATION ,ATTR OR &£CLASS,POSITION)
DEFINE FOUR ECLASSES
WITH THEIR NAMES

CHARACTERISTICS OF ECLASSES

DEFINE SOME PARTS
PROJECTS
SUPPLIERS

DEFINE '"QUANTITY ON HAWD' AL ATTRIBUTE

DEFINE AN RCLASS

DEFINE A RELATION

R IS5 A 3-ARY RELATIOW
DEFINE A ROLE NAME

FIRST DOMAIN IS UNION OF ECLASSES 1,4
SECOND DOMAIN

THIRD DOMAIN

FIRST ROLE NAME IS 'COMP'

SECOND ROLE NAME IS5 ECLASS NAME

THIRD ROLE NAME IS ECLASS WAME

QUOH IS ATTRIBUTE OF PARTS






NAME[LATTRIBUTE[ ;51/U; ] FOR WHICH ECLASS IS AYTRIBUTE 5 VALID?

PART
WAMELECLASS/U; ] FIND NAMES OF ALL ECLASSES
PARY
PROJ
SUPP
ASSB
NAMECLATTR/U; ] FIND NAMES OF ALL ATTRIBUTES
QUOH
PROJ /U FIND ALL PROJECTS
11 12 13 14
NAME[DOMAIN[18;3;11/U; ] FIND ECLASSES INVOLVED IN THE DEFINITION
PART OF FIRST DOMAIN OF RELATION 18
ASSB
NAMEL (V/ROLE)Y[18;1/U3 1] FIND THE ROLE NAMES
PROJ
SUPP
COMP
x COMMENT

THE ABOVE QUESTIONS SHOW HOW THE DESCRIPTION OF
THE DATA-BASE CAN BE INTERROGATED WITH THE SAME
LANGUAGE .






DEMO?2
VDEMO2[ ]
Vv DEMO?2
[1] R[7;11;17]+«1
[2] R[7;11;23]«1
[3] R[7;12;16]«1
Cu] R[7;13;16]«1
[5] R[7;14;23]«1
[6] R[8;13;15]+«1
[71] RF[9;13322 1«1
[8] R[10;13;16]<«1
L9] R[20;13;17]«1
[10] R[9;12;22]+«1
(111 R[10;123171«1
[12] R{10;14;17]+«1
[13] R[10;14;22]<«1
[1u] RL103;11;22]<«1
[15] RL103;11;17]«1
[161 R[10;133;17]<«1
[17] R[10;13;16]1«1

(18] v

RL7311;517]

R[7;11;171<«0
R[73;11;17]

R[7311;17]+1

R[7;11;1/0U
17 23

R[;133161/U
7 10

(v/Vv/R)/U
7 8 9 10 20
o(V#V/R)/U
I
(VAV/R)/U
11 12 13 14
QUOHL 71«12
QUOH[ 81«26
QUOHL10]+«99

(A225)/A«QUOHLPART /U]

26 99

MAKE ENTRIES IN RELATION R

EXISTENCE TEST
ANSWER IS YES
DELETE ENTRY IN R
EXISTENCE TEST
ANSWER IS NO
MAKE ENTRY
WHO SUPPLIES PART 7 TO PROJECT 11

WHAT PARTS ARE SUPPLIED BY 16 T0
PROJECT 13

FIND ALL PARTS BEING SUPPLIED
NUMBER OF PROJECTS WHICH ARE SUPPLIED
FIND THESE PROJECTS

Sl VALUES FOR QUOH

FIND VALUES OF QUOH WHICH ARE 225






Y«<(v/[21R)L7;]
(SUPPA~Y) /U
15 22

(AFPROJ#V#R)/U
17 22

(V#A/L2]1PROJ/[21R) /U
17

R[;133;161/U
7 10

Z<V#R
(AFZL;151#2)/U
15 i6 17 22

CHARACTERISTIC OF SUPPLIERS WHO SUFPLY
PART 7 AND ALL SUPPLIERS WHO DO
NOT SUPPLY PART 7

FIND ALL SUPPLIER> WHO SUPPLY TO ALL PROJuCIS

FIND ALL SUPPLIERS WHO SUPPLY THE
SAME PART TO ALL PROJECTS

FIND ALL PARTS SUPPLIED BY 16 I0
PROJECT 13

FIND ALL SUPPLIERS WHO SUPPLY AT LEAST
THOSE PROJECTS WHICH ARE SUPPLIED
BY 15






n
(2

(?

()

(5)

(€)

(9)

(19

a1

(12
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