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All has r~ceived a good acceptancE as a la~suag€ tc he 
us~d ir an inter~ctiv~ Ey~t~rr. Thp ~c~pr of an AfT system 
can he dramntically increaserl ry rrcviding data-t~~c 

capatilities. ThE la[lu~ge nay then he uS0d toe creatin11 
updating and r0trievin~ information. 

WE r e l Le t t s t p r c mi s i nq ':jen€,ral a p p o a c h tov s h a the a c r 

mcdAlling a wiie variety of data-structurEE i~ rE]atiCTdl. 
Wf.= shew hew the A?L La r.o ua qe may he US0d to h an d l c a 
rp 1a ticn a 1 d a t. d. - t asp • 

TtE" r a s i c s l e nc n t of data i s c r Ll.e d a a a t a e i t o m, So:ne 
data-items, called e n t i t i.e s , a r e q i v e n a u n i q u e i d s n t i f i e r , 
Data-iteIfs may te Li n ke d tc o n t i t i.e s a s a t t r i.b u t o s , En t i.t.Lo s 
may be Li.n k e.t tet-'vlccn th~msf'lves t y r e La t i c n s , f'y 

i, n t r c nu c ins t h e uri v € r s e c f d i s c cur SEa s t e i n ~ t. h e c r d € r t~ (1 
set all Id n r m od co m s not e t i f i e s , a relational e l b e e s
"array" mo1el as in APL and the p cv s r ct s x pr c s s i c r: ct t he 
APL larguagE is a u t c na t i c a l Ly a va i Ia b Le 

Thp a r r a y s r e p r es en t i.n q ar t r Ll u t e s a n d rc l a t i c ns ire 
s r a r s (= ann r p 1 11 .i r e a n aFt [C Fria t e Ph l' sicaIr f.J p [' 0 sen tat ion • 
But this p a pe r is co n c e r n e d only with a lcqical v i c v cf thp 
1ata and jo~s not propose Qny irr~ltrrEntaticn. 

La nq ua qe , AfL, data-base, d at a-tank, files, rElrtticD, 
relaticnal rrodel, irfcrmaticn retri~val, p r o b Le n-r s o I vin -], 
interactive. 

3 • 6 l.I, ~. Ie, 3. 7] I 3. 74, 4. 2 g • 
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INTRODUCT ION 
~~~~ .... ~,...~..-.-..-~ 
....... _ .... _~ ..... ..,......~ ...... ~~11111111110
 

The last few years have seen spectacular developments 
in the functional capabilities, performancE and availability 
of time-sharing s y s te as , By creating a new interactive 
environ.ent for computer usage they havE stimulated interest 
in rev applicaticns and in new approaches to more 
conventional ones. But the crucial importancE of re~fcnse 

time, the complexity of new applications, the fact that the 
user is more probably an applicaticn specialist rather than 
a professional programmer have contributEd tc make ~cme 

needs mere apparent. 
let us tLy to get more insight into these regui[ement~ 

by considering ar inquiry ~ystem. 

In such a system the organization of data on auxiliary 
storage is most important. Informaticn must te stcred and 
retrieved with geed Ferformance. This generally requires a 
sophisticated data-base structure. A languag~ must bE 
available to specify the queries. This requirEs net cnly 
logical but also arithmetic and editing capabilities. It is 
also nec~ssary to be able to keep track cf the data 
structure when infcrmaticn is brought into cOLe for fucther 
selection and processing. 

But it is interesting to n c t c that interactive 
applications which seem to te very different in nature eften 
tend to rEquire ve~y similar or even identical features. And 
the reguirements for an inquiry system arE alsc valid fer 
any en-line Froplerr solving apFlication. 

We sum~arize these requirementE as follows: 
- handling of data str~ctures in corE and en auxiliary 

storagE 
use of a q on er a I Lan qu aq e for r e t r i e va I and 

procEssing of data. 
As already mentioned, an interactivE envircnrrent asks 

for tools which serve best the needs of application 
p r oq ra aae r s, We feel that a new a p p r o a c h tc data 
o r qa n Iz a t Lcn , at a purely logical level, would facilitate 
the development of interactive apFlications. It IUEt be 
emphasized that these requirements are only more apparent in 
interactive applications. They do hold for data FrCC€ssing 
in ~eneral. Soree aFFlication~ will u~e rowe~ful data 
structures in core; some others will t € more oriented tcward 
the mani~ulatian of a data-base. Hut most applications 
require simultaneously data at r u ct.u r e s and data base 
facilities. They wculd therefore alsc benefit from a logical 
and integrated view of data. Such a ViEW is ~roFcsed in this 
paper. It is based en fcur concepts which concecn 
successively the data structure, t h c La n q u a q c , the 
information coding and the array representation of 
relations. 
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CONCEPTS 
======== 

Most proqramming languages 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 stoLage the 
structure of data qenerally 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 technoloqy. It is responsible 
for a drawback in proqramminq. Input/output statements are 
required as soon as auxiliary storaqe must be used. 

On a purely loqical level the user wants to address 
data in the data universe. He should be unaware of a dual 
core/auxiliary storaqe residence. (This does not preclude 
the existence of a dual view at a lower level in order to 
take full advantaqe of the available hardware.) 

But even the assumpt.ion ot an l1infini te" core is only a 
partial solution because the user wants to address data not 
by core address but rather by ~efeLences meaningful to his 
application. In order to proqress in such a direction a new 
loqical view of data is needed. We feel that the relational 
approach proposed by E. Codd (2) constitutes an excellent 
frame for a new data definition. 

For reference, let us recall Codd's deflnition ot an 
n-arY.f,gl-.9!1:gn. Given n sets 51,52 ••• Sn not necessarily 
distinct. an n-ary r e.La t i.on R on these sets is a set of 
n-tuples, each of which has its ith element III Si. si is 
called the ith gQ~~iD of R. In order to refer to some 
specific domains of R, the domain name may be used only if 
it is unique in the relat~on R. If not, a ~Ql~ name must be 
used to specify a domain without amb~quity. 

At this point it is sufticient to understand 
intuitively that elements involved in relations are atoms of 
data, also called data-items. They will te defined later. 

~x~~~lg : for illustration we shall use an example 
suqgested in (2). In a firm there exists a set ot 
projects, a set of parts, a set of suppliers. A 
relation 

5 upp Ly (pa rt, pro lee t, su ppl .i.e r ) 

is a set of n-tuples. Supply is the name of this 
set. The first element of an n-tuple is a part, the 
second one a pro;ect, the last one a supplier. It 
indicates what parts are supplied to whl.ch project, 
hy what supplier. 

But relations may also be used to specify complex data 
structures in core. Consider a binary relat10n R(S,S) 
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defined on two identical domains s. It may be used to 
orqanize cells into a list. The domain 5 is the set of 
cells. A 2-tuple (si.sj) is a member of the set R if the 
cell 51 follows immediately the cell si in the list. If one 
assuaes that two particular cells 'top' and 'bottom' are 
also members of S. then the list is represented by R 
containinq the followinq n-tuples : 

top,s1 
S1,52 
52, ••• 
si,si 
••• ,bottom 

Several lanquaqes 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 lanquaqes. But the power of expression of APL 
(5) (7) (8) (9) {11} has been recognized and its acceptance 
enhanced by the increasing number of users in different 
fields. 

Specialized lanquaqes have also been proposed for 
specification of data retrieval, for queries for example 
(3). These lanquaqes must always be imbedded in a general 
purpose lanquaqe in order to a~lov processing of retrieved 
information. We feel that an inteqrated approach, a single 
lanquaqe 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 system. 

We suppose the reader is familiar with the general 
concepts of APL. References to the lanquage 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 lanquage 
which is considered here. The description of a computer 
central processinq unit i.plies the description of the data 
representation or data model (character, word, address) and 
the definition of a "machine language". A machine language 
is a set of instructions (or statements) which specify 
operations to be performed on the data. The same 
relationship exists between the higher level languaqe 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 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 lookinq only at the APL interface. 

It is also clear that a higher level language could be 
designed. statements would then be compiled or inte~preted 

into APL form. 
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Any representaticn of data in a computer implies an 
internal coding. We now define the coding Eche~a used i[ the 
model. 

One must first define the atom of information, the 
smallest piece of data which can tE invclved in a r e La t i c n, 
This ncticn is irtuitive. But we define it more fOLmally by 
refeIence to the APL definition of a variable. 

A data-item is a scalar or an a r r ay , The scalar CI any 
element in the array may have cne of the following types: 
logical (0-1), integer, floating Feint, c h a r a c t e r , All 
elements in an array have the same type. A single element of 
an array can be selected by specifying its indices. The 
numtEr of indices required is calleo the rank cf thE alt~y. 

A function P a p p Li e d tc an a r ra y A yields the size (o r 
shape) of A, that is, a vector WhOSE ccmron~nts are the 
dimersions af A. The ith dimersicn represents the number of 
different values which can te assigned to the ith index. 

Gcing tack t c the definition of a relation, we now say 
that the elements in the sets S arE data-items. A data-item 
is a t o n i c as far a s re Ja t i cn s are c cnc e r ne d , 

Several coiing mechanisms may be used to reference a 
data-item. Let us first consider two c pp os i t e mec ha nLs ns , 

a) The internal machine code is used to reFresent the 
numbers or characters of the data-item. This means that any 
re f e re nce to a data-item is done ty s pe c i t y i n q t he whcle 
valuE cf the data-item. If it must be stored the whole value 
is stored. If the data-item is fetched, the creraticn 
returns the value. 'Ibis a s very convenient if the data is 
referenced only once. If it is r e f r d v r a l t i e ite e n c e s e e n s 

b € com e E U nee en c mi c a .s far a E E pa c e i s G 0 nc C' r ned. The h i 9 n1 y 
variable format of d i f f er o n t -l a t a-r i t c m.: c c u Ld a Ls c 

constitute a majcr Froblem. 

b) Each atcm cf infcrrraticn ~ithin the system is 
assigned a unique identifier (referred to as Ld j • WE a s s u ne , 
without loss of generality, that the id is a positive 
integer. All relations between data-items are stcred by 

id1s.using the Such coding has bpen used in (6) and (12). 
It assures a good use of space as thE id's geDerally cccufY 
less space than the da ta i t e n s t he mse Lve s , It alsov 

standardizes the format. But for Each such data-it€[ cne 
intrcduces a new abstr-act data-item called ~!ll!!l. 'Ihe 
original data-item is in fact an ~!!~~~y!~ of the ertity. 
This i~ consistent with a definition cf ~ll!~!l givEn by N. 
webster: "the existence of something as ccntrasted .ith its 
at t r i t u t e S C r ~ r c p E r tie s" • 

In the proposed data wodel we adopt the mechanism b) 
for the representation of relations tetW€€D data-iterrE, but 
WE also allcw tt:e mechanism a) to be used for a common 
special case. This is illustrated ty an €xamFle. 
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Ccnsider t h s t.able A (it could also be a file) 
containing the descriptions of parts. 

Part Number Descri ption 

M1637FT12 
G123888dd ...... 

descr i pt i en •••••••• 
des cr i pt i en. • • • • • • • 
•••••••• 

'Ia b Ie A 

Such informaticn can he ceded by defining entities called 
PART ~ith an a t t r i.r-u t e PAFT_NUMBFR, entities called DESC 
with an attribute rESCRIPTION. and a r e La t i c n 

[) ( f " £iT _ I d , r f S C_ i d ) 

relating each ent.ity PART tc the c c r r es po n d i n q entity DESC. 
Rut this is p~ohably the cnly Flace where the descriptions 
are ever uspd, and the introduction cf an id fer each cf 
t h e n offers no advantage. If ~e c c ns i de r e ac h descr-iption as 
heing the value of an a!!fib]!~ CEse cf an Entity PAR!, the 
information concernin] the descriptions can te SF€cified by 

DESC (PART_Id) = d es cr i pt i c n 

corrESFondingly 

PAR1-NUMR"SR (PART_Id) = number 

Tn s umma r y, several a t t r Lbu t es may ce d e t i ne d fer an entity. 
A g i ve r a t t rib u t ptak es a sin 91 e valU E for a 9 i v e n E ntit Y• 

The thrEe previcu~ ccnceFts lead us to the protlem of 
re p r e sen t i n q attributes and relations u c i n q APL s y nt a x , 

Tre functicn~l €x~re~~icn~, 

SUPI=ly (io_paLt_1,id_p['oject_2#id_su~plier_J)	 = true 
:: 1 (2) 

attribute (id) = v a l u c 

fOL the speciticaticn cf relations and attritutes dec quite 
natural. nut APL - CL any c t h e r j.r o.j r a nu i.n q La n q ua q e - do os 
not allow t h Ls use of a function at the Lc t t ct the 
a s s i cn r e n r sign. By introducing U, the universe of 
discourse, as bBing the set of all pcssitle id's, an r,-dry 
relrtticn may b£ seer as a lcgical n-dimensional aLLdy whoLe 
Lnl i ce s id's of entities and when a p a r t i c u l a e l e n e n tare r 
has a value 1 i t va nd only if the c o r re s po nd i n q n-tuple of 
i.d r s satisfies the r o La t i o n , Fx pr s s s i c n s (2)	 l.e c c ne , u s i nq 
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AP L nota tion 

attribute [id ] +- value 

A n-ary relaticn has thus an array fo~m 

R [ i 1 ; i 2 ; i3 •••• ; in] 

A geometric interpretation follows immediately. A n-ary 
relaticn is a set of points in a n-dimEnsional s~ac€ (where 
only integer coordinates are use d} , FOI example a relatio.n R 
containing the 2-tuples (2,3), (4 1 2 ) and (5,3) lay be 
r e p r es s n t e d by A,B,C in Fig.l. 

U 
2 

6 

5 

4 

3 

2 

A C 

B 

1 

o 

o 1 2 3 4 5 6 U 
1 

FIG. 1
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DATA MOCEL 
.========-== 

let us denote ty N thE maximum nurnrEL of €ntiti€~ in 
the syst€m. !hEn the UniverEe af diEcourse is defined as 

U + 1 [I 

U is the Ln t.e q e r vector (1 2 3 ••• N)" 

Entities may be grcu~ed into ~et~ called Ecl~sses. Each 
EclaEs 
SEt cf 
e Le n s n t s 
the I d 

is 
Fc

of 

referrAJ to ty an 
lasses i~ definerl a s 
whr?rp ECIASS [ i J h as 

an Fclas~. 'l h i s vec t 

id. 
a 
a 

o r 

The characteristic 
ve c t c r ECI.ASS of N 
v a Iu s 1 it and cnly 
is .i i.Lt i a Li ze d by 

cf 
Lo q
if 

i 
i 

the 
c a I 
i~ 

EC LA SS + N p 0 

NAME is dcfinect ~s an array of c h a r a c t e r s cf s i z e (N,n) 
whErE NAMF [i; J is d character vector a s so c i a t e d with i , 
Name iE initialized by 

NAME +- (N,n) p 

At t.his levEl W~ igncre the fact that the narrE nay he 
variarl~ in lEngth. Fig.2 giVAS a qe ome t r i.c a L 
in te r pre ta ti OIl .. 

ID lV A M £' 

1
 
2
 
3
 

uA/4E [I ; JI xxxxxxx 

FIG. 2
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A functicn ID perlits us to retrieve the id corresponding to 
a given namp. By definition 

I L ~ AME [ i; ] = i is t r u € 

An Eclass with id=i can be defined by using 

ECLASS [i] +- 1 

An Eclass must also he named by a statEment 

NA~ E [i : J +-, eel as s n am€ ' 

One associatEs with the Ecla£s a lcgical v€ctor which is the 
C~rtract€ristic of the ~claEE and initializes it by 

e c Las s n a n e +- N p o 

An attribute is a variatle which may havE a unigue 
v a Lu s for a q i v e r entity. Note that 'variable 1 is used in 
the API sense and may be an array. 

The characteristic of the set of attribut~s is defined 
a n1 in i t i ali ze d b y 

ATT F +- N p 0 

An attritute is rEf€rre~ to by an i~. An attribut~ with id=j 
can be defined by 

ATT F [ j] +- 1 

An attritute must be named by a statement 

NAME [j;] + • a t t rna me • 

A variable must tE defined with this name and appropriate 
shape and type by 

~ t t I:' n am 0 +- (N , x ) p y 

wher€ x sp~cifiE~ the shaI=~ wanted for the attritutE cf a 
single entity ard y the dAfault valu~ of the attritute. 
Fig.) represents an attribute geometrically. 
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I 

u 

1 2 3 4 N 

FIG. 3 

If the attribute of ~ single entity is a scalar, the 
statEment bEcowes 

attrnarre -+- N Py 

Ttere exist5 a system relation ATTRIEU1:E witt the 
corresFonding array ferm 

ATTRIBUTE [i; j J 

whErE i is the id cf an Eclass and j the id of an attritute 
and 

ATTFlnUTE [i;j ] 

has a value 1 if rtnd only if an attritutE j rray te afIlied 
to €ntiti~s in Ec]ass i. 

Note that NAME may be considered as d system attribute valid 
for all Eclasses. 

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

eclassname [k ] +1 

The form of stat€nent~ assigning vallEs tc attritut€E cf dn 
entity k, de~ends en the shape or Fcrtion of the value ~hLCh 

must be assiqned. 
Fer Exarrr1€, if the value Ls a scalar, 

attrname [k ]+ scalar 

If it is a vector, 
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attrname [ K; ]~ vectcr 

If only one element of the vector has to be changed, 

~ t t rnam,3 [ k ; h ; 1] ~ s ca 1a r 

WE ba v> se~r hew an n ar y relaticn R is r e p r e s e n t s d byr 

a n-i c i ee ns i c na I array. 'The relaticn B .i t se Lr is an entity 
and attributes may te defined and v a Iu s s a s s i q ns d tc them. 
Thus a ccm~letE Faralleli~m exi~tE betwepn ECIASS, entity 
clas£, entity 1n~ the following dEfinitions. 

RE la tic n rray be grouped intc an Rc l a s s , lhe 
charactEristic af the set of Be la s se s is defined and 
i nit i ali ze d b Y 

Eel 1\5S ~ N p 0 

ThE d e t i ni t Lon cf a n Rc La s s with id=r is done by 

RCLASS [r J~ 1 

and 

~AME [r:]~'rElclasst 

Attributes may te defined and ass Lq n e d r x a c t Ly a s fer 
Eclass€s. 

'A relation with iJ=m, in Hclass • t c Lc I a s s ' is dEfined 
1:y 

r € lela s S [ ID J+- 1 

and 

NA ~ E [ :n:J ~ 'r n a mel 

and t h e nu nhe r cf d cn a i n s , n, on which thE rElaticn i~ 

d e f i n e d, is specified by 

r n am € +- (n p N) p 0 

This also initializes the relation as Empty. 

Basic operations all relations include 

n-tuFle ins~rtion in R R [ i: j ; k • ..J +- 1 
d. e Ie tic n i n F R [ i;j;k ••• ]+ C
 
cx i s t e n c e t s s t R [i; j ; k • •• ]
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System attributes may be appliEd tc r€laticn~ tc 
specify seIDe physical cr lcgical Frcperties. For example 

sysatt 1 [ m J~ 1 

would indicate that this particular pr c pe r t y h c l d s for 
relaticn m. The choice of these attritutEs is infl€uEDtaticn 
dependent • 

.A higher level languaqe should t c able t.c identify the 
dcmain of a relation. This information must be included in 
the data model. 

A domain may be an Eclass or the union of sev€cal 
Eclasses. rt system relation is defined, with an array t c r n 

r:C~AIN [i;j;p] 

where i is the id cf a r e Ia tien, j rh c .i d of an Eclass anJ r 
an intEgEr and 

DOr-)AIN [i;j;p] 

has a value 1 if and only if the pth d c na i n of r e l a t i c n i is 
Ecla£s j cr includes j as a $utset. 

It is initialized by 

DOMAIN + [( N, N , N) p 0 

A higher level language must alsc it atle tc rEfer tc a 
particulaL domain by name. We already mentioned the 
nece£sity of introducing a role namE when tbe dcrrains are 
not unique. This Ls also true for a domain which is not 
defined by a single Eclass. The informaticn ccrcEIning the 
rol€~ rrust alsc a~~Ear in the rrcdel. 

Thp characteristic of the Eet of roles is defined and 
i ni tia Li, Led as 

EATT B +- N pO 

A role is rEferred to by an in. A role with id=j can be 
defined by 

FATT~ ri : + 1 

NI\~E [1;] +'Iclename' 

There exists a system relation 
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ROLE t i , j; F ] 

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

Bel E t i • j ; p] 

has a value 1 if and only if the p t.h domain of relaticn 
may te referred tc by role j. 

It is initialized by 

BCL~ + (N, N, N) p 0 

MORE COMPLEX OPERA1IONS 

The reader who is familiar with AFl will see 
immediately how the power of expressicn of the language may 
be used in ccnjuncticn with the p r op o se d data model. Eut it 
is werth while to point out some tasic functions. 

If an Eclass is called 'Eclassname ' a vec t c r 
containing the id's cf all entities in the Eelass is 

ec 1 ass na lDel U 

as this €xpreSSicD selects from 0 the id's for which 
eclassname [ id] has a v a Iu e 1. 

- s €t CFeraticns are Ferformed on thE characteriEtics. 
If C 1, C2 are the c ha rac te r Ls t i.c s of t'WQ sets, C1 v C2 is 
the characteristic of the set ottained ty taking the unicn 
oft t:e tvo sets and C 1 " C2 the cha rae te r i.s t i,c of the set 
obtained by intersecting the tvo sets. 

- In a relaticn R [i;j;k ••• J the characteristic cf the 
5 et c f a 11 j' s sat i E f yin g R [ i 0 ; j ; k 0 • • • ] = 1 i 5 

R [i0; ; k 0 •••J 

- A very common operation used in r e La t.i c n p r cce s si n q 
is the ~~~j~£!jf] which eliminates some dcaair~ cf a 
relation. We refer to (2) for analysis of this o pe r a t i c n and 
the following cnes. Elimination cf domain i may be written 
as 

v / [i] B 

(com~rEssion alcng the itb dimension, us in 9 the OR 
oper at ion) • 

- A E~£~yt~1iQrr of domains in a relation is equivalent 
to the APL tranSfCE€ o~eratcr. 

- Another irrpcrtant o pe ra t i c n on re La t i on s is called 
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j~!n. We consider the ]01D bet.een two binary relations 
(Extension tc hiqher order relation is immediate). If 11 [ i ;jJ 
and S [k;l] are two relations jcinatle on the idertical 
domains of j and k, then the AND cuter product 

Z + R 0./\ S 

yields a 4-dimensional array Z in which Z [i;j;k;lJ = 
if R [i; j] = 1 and S [k;l] = 1 ; and the transpcs€ CferaticD 

1223¢ Z 

eliminatEs the ccmacn dcmain. ~he join may thus be written 
aE 

1 2 2 3 ¢ R O.A S 

Conclusicn 

This paper has shown how APL may CfErate c[ a 
relaticnal data-base. Any izrplementation based on this model 
Deed~ to define the physical characteristics cf the data, 
that is, the way they are actually stored on auxiliary 
storage, and then code the algorithms corres~cnding tc the 
APt o pe r a t o r s , 'Ihis wcu.ld enable a np Le ne n t a t.Lon s to be 
compatible with existing data-basEs. Only a sutset cf the 
operatcrs may he iurlemented if one wishes to speciali2€ the 
system for pure data retrieval. 

It is cbviou~ that an inplementation could not use the 
conventional physical representation ct arrays as in the APt 
SystEm (10), f'crtran or PIjI. As arrays representing 
classes, attributes and relations aLE sparsely ~crulated, 

one wants tc adcrt a mere compact representation. Eecause 
auxiliary storage is used, a segmentation at infcrnaticn 
must Exist and be based cn lcgical criteria. Eeport (4) 
describes a specific implementation cf a r e La t i c na I 
d at a-e b as e , which is ha s ed on these principles. Such an 
approach may be used to organize physically thE infcrnaticn 
contained in SIars€ array~. 
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A PPENDI X 

======== 

~XA~IIE 

An pxtensivp. Exarrfl~ I s pr o se n t e d , The c o n t o x t of the 
pX1m~le has be~n rnnntioncd tEfor~. OnE GEfin€E Eet~ cf 
e nt Lt i e s ; p r o j ec t s , t;lrt~, s up pLio r s , Pa r t s may h a v c tin 
attribute (fjuantit_y on h an d ) , A r e l at Lc n is d c r i nc d 

F (p a r t p r o j e ct s s u p p Li c r ) j 

(R .i s uspd Ln o t e a d of SIlPply for conciseness) • 

Th~ pxarrr12 haE heen teEted using a sirrul~ticn cn a 
standard APL systEIr with a very s na I I univer-se. 

The first t cn Li ncs are u so d for simulation. Th~~y 

initiali2P th0 3ystGffi v~lups and r~laticns. 





'7DEMO[OJ 
V DEMO 

[1 J iv +- 25 

[ 2 J U+- t LV 

[ j ] iJAldE+(lv,4)p 'X' 
[4J ECLASS+-!vp 0 
[5 ] A J..I TR+RCLA S /:;' +-RA171~1R+E CLAS:3 
[ 6 J A J.TJ 'j7RIB U:tE+ c«, lV') p 0 
[ 7 J D0 ~1A ILl +- ( j v< , II , IV ) p U 
[ 8 J ROLb'+DOlvJA i.t 
[ 9 J A 

[1 0 J ECLASS[l 2 3 4J+1 
[11J IvAl~ iJ' [ 1 ; ] +- , J?AR11

, 

[12J lJAil1E[ 2 ; J+' PROJ' 
[13J IvA }ifE [ 3 ; ] +- , Sf UPP , 
[14J LV AuE [ 4 ; J+- t A i30 B ' 
[15J PAR~r+-PROJ+:JUPP+-ASSB+jv"p 0 
[16J ~ 

[17J PAR~[7 8 9 1U 20 21J+-1 
[1b] FROJ[11 12 13 14J+-1 
[19J $UPP[15 16 17 22 23J+1 
[20J A 

[21J A~T~rR[ 5 J+1 
[22J ifAMn' [ 5 ; J+- , ~ U0 n 1 

[20J QUOH+-I'J p U 

[24J A 

[25J RCLAS/:;'1[ 6J+1 
[26J lv' AI~1 E [ 6 ; ] +- ' R L/{; 1 ' 
[27J RCL1+-/.vp 0 
[28J RCL1[18J+-l 
[29J Iv'A i~l E [ 1 8 ; J+- , R ' 
[30J R+ ( 3 p Iv ) p 0 

[31J A 

[32J RA.TTR [ 1 9 ] +-1 
[33J 1/AME [ 1 9 ; ] +- 1 COldP , 
[34J DO[1AI iV' [ 1 8; 1 4 ; 1 ] +-1 
[35J DOiVAI1v [ 1 8 ; 2 ; 2 J+-1 
[36J DO lviIi I I / [ 1 8 ; 3 ; 3 J+1 
[37J ROLE[18;19;lJ+-l 
[38J R 0 L ~,[ 1 b ; 2 ; 2 J+1 
[ 39 J ROLE[18;3;3J+-l 
[40J AJ.1(_rRIBU1'1~I[1 ; 5 J+-1 

[41J A 

v 
[42J 

DIMElvf3I01~ OF ~tHE UiVIVE'RSE 
lv=25 

U1VIVERSE VEC170R 

ilA14E ARBA Y 
II~I'.1'IALIZE CHARAC11ERI:317IC FOR i/CLA/::;'/.:;, 

FOR ATTR, RCLASS •.• 
ATTRIBUTE(ECLASS,ATTR) 
DOMAIN(RELATIOh,ECLASS,POSIPIOil) 
ROLE (RE LATION, A (.t2'R OR ~'C LASS, PO:3IT i o«, 

DEFINE FOUR ECLA3~ES 

WIllE ~tHEIR ivAMES 

CHARACTERISTICS OF ECLASSES 

DEFINE SOME PARTS 
PROJECTS 
SUPPLI~lR51 

DEFIiVE] 'QUAIJTI:tY olv' HAivD' A01 

A'.Pl'RIBur~tE 

DEF IIV £1 AIV RC£AS:3 

DEFIiv'E A R~'LA1IIOiv' 

R IS A 3-ARY RELATIOLV' 

DEFINE A ROLE NAME 

FIRST DOMAIN IS UNION OF ECLASSES 1,4 
SEC01VD DOMAIloJ 
(.PHIRD DOMAILV 
FIRST ROLE NAME IS 'COMP' 
SECOND ROLE NAME IS ECLASS NAME 
THIRD ROLE NAME IS ECLASS NAME 
QUOll IS ATTRIBUTE OF PARTS 





FOR WHICH ECLASS IS A:lTRIBUTE 5 VALID?NAME[ATTRIBUTE[;5]/U;] 
PART 

lJAME[ECLASS/Uj J FIND NAMES OF ALL ECLASSES 
PAR~t 

PROJ 
SUpp 
ABSE 

FIND NAMES OF ALL ATTRIBUTES 
QUOE 

PROJjU FIND ALL PROJECTS 
11 12 13 14 

NAME[DOMAIN[18;;1J/U;] F IIV D ECLASSES I Iv VOL VED I II lIRE DEFI lV ITIDLV 
PAR:P OF FIRST DOMAIN OF RELATION 18 
ASSB 

ivAME [ ( v / R0 1E~ ) [ 1 8 ; ] / u ; ] FIND THE ROLE NAMES 
PROJ 
SUFF 
COMP 

* COMMENT 

THE ABOVE QUESTIO/IS SHOW HOW THE1 DESCRIPTI01V OF
 
THE DATA-BASE CAN BE INTERROGATED WITH THE SAME
 
LANGUAGE. 





DEM02 
'lDEM02[OJ 

r:y DE/ld02 
[lJ R[7jll;17J+l MAKE ENTRIES IN RELATION R 
[2J R[7;11;23J+l 
[3J R[7;12;16J+l 
[4J R[7;13;16J+l 
[5J R[7;14;23J+1 
[6J R[8;13;15J+l 
[7J R[9;13;22J+l 
[8J R[10;13;16J+l 
[ 9 J R[20;13;17J+-l 
[10J R[9;12;22J+l 
[11J R[10;12;17J+-l 
[12J R[10;14;17J+l 
[13J R[10;14;22J+l 
[14J R[10;11;22J+l 
[15J R[10;11;17J+-1 
[16J R[10;13;17J+-1 
[17J R[10;13;16J+-l 

v 
[18J 

R[7;11j17] E7 XI S TENCE TEST 
1 ANSWER IS YES 

R[7;11;17J+O DELETE ENTRY IN R 
R[7;11;17] EXISTENCE TEST 

o ANSWER IS NO 
R[7;11;17J+l MAKE EIlTRY 
R[7jl1;]/U WHO SUPPLIES PART 7 TO PROJECT 11 

17 23 
R[;13;16]/U WHAT PARTS ARE SUPPLIED BY 16 TO 

7 10 PROJECT 13 

(V/V/R)/U FIND ALL PARTS BEING SUPPLIED 
7 8 9 10 20 

p(vfv/R)/U NUMBER OF PROJHCTS WHICH ARE SUPPLIED 
4 

(vfv/R)/U FIND THESE PROJECTS 
11 12 13 14 

QUOH[7J+12 
QUOH[8J+-26 

3&P VALUES FOR QUOH 

'=dUOH[10]+99 
(A~25)/A+-QUOH[PART/UJ FIivD VALUb7S OF QUOH WHICH ARE ~25 

26 99 





Y+(V/[2]R)[7;] CHARACTERISTIC OF SUPPLIERS WHO SUPPLY 
(SUPPA~Y)/U PART 7 AND ALL SUPPLIERS WHO DO 

15 22 NOT SUPPLY PARt 7 

17 
(AfPROJfvfR)/U 

22 
FIND ALL SUPPLIERS WHO SUPPLY 110 ALL PROJ£JC17~ 

17 
(vIA/[2]PROJ/[2]R)/U FIIJD ALL SUPPLIER5~ 

SAME PART TO 
WHO 
ALL 

SUPPLY rn: 
PROJECTS 

7 10 
R[;13;16]/U FIND ALL PARTS SUPPLIED 

PROJECT 13 
BY 16 ']'0 

15 

Z+vfR 
(AtZ[ ;15JIZ)/U 

16 17 22 

FIND ALL SUPPLIERS WHO SUPPLY AT LEAST 
THOSE PROJEC~PS WllICR ARE7 SUPPLIED 
BY 15 
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