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y . . " Chapter I
PRELIMINARIES

1.1 . INTRODUCTION

In the last few years, extensive efforts hhvp been in-
vested in the field of data processing. The major problem
faced by rcsearéh‘rs has been: hqw’to hand}e and manipulate
_efficiently large amounts of data. As rblatfons pe;ueen data
become more and more complex, traditibnal‘ filé management
systems become incre;singly_less.,§f§icient.R To overcome
;hik problenm, many data;base systems wvere designed. As
stated in (Ma), a data base system may be defined as a col-

lectibn of interrelated data stored without harmful or unne-
-cessafy redundancy to serve nultiple applications; the data

are. stored so that they are }ndependeﬁt of the programs
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which use the data. Several data.bdse management éysteﬁé
| .
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are now commercially available. The main fuﬂctionSféﬁ.these.
systems is to defiﬁe and‘uanipulgtg the data baseiconve-
niently vhile striving to  achieve the main objectides of -
data base technology: data independence, non-redundandy, and
relatability. Unfortunatly, no precise measure for any of
these objectxves has been estahlxshed and any arnalysis with
respect to one of them 18 uostly based on 1ntu1t1ve obsenva—
tions. Three approaches have been adopted to achxevq these
:ébjectjves. These are the netwvork abproach:thé hierarchic
approach; and the relational approach. The data baggd ée-
‘signed using these apptoachés are called he;vork. hierarchi- -

cal, and relational, respectively.

-Relatioﬁal data bases are ;élatively easy to unQerstand.
and. to handle. The relaxiona} approach was first coﬁceived .
and studied by Codd(_Col,CoZ,éo:i,Coi). Informally, a rela-.
tional data base is a collection of relations. A relation
lisAa tvo-dimensional tabie vith n columns and a set of rows,
each rov being a n-tuple. Al} the values in a column are of
the ‘same type, and each column is called a donaln.. The type

of the data item is called attribute. Bach tuple of a rela-



tion must have a . key by ‘which the ‘tuple can be uniquely
jdentified and differentiated from other tuples of the same
means of operators to extract or to join domains. For a more
detaile descriptions of . relational © data bases see

(Ca‘,na',na,tn-l),.

Onder the relatxonal approach the desxgners of a data

base system identify and defxne a set of relat1ons, called

the basis, which is expllcxtly stored. Other relat1ons can

be dynam1cally formed from the ba31s by applyxng some opera-
tions to its elements. This structure makqs the data base
more flexible, bﬁt‘at the same ting.incrpase the complexity

of the software needed to-handle the datd, such as the Data.

Definition_Language‘rand the Infornatxon Retrleval System.

Since, as mentiomed above, only the . basis’ is .actually

-stored, two guestions arise here:

a. What is the minimum set. of relations which 'b°“:°3?"

‘plicitly stored, allows all the remaining relations

join, pro;ect. restrxct, etc. ) qﬁ the elements of

this set. . ) t

" relation. Hanxpulat1ons on‘reldrjons can be performed bf,

to be formed by performing sote operationé‘(Such as

PR
v LT d
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b, What is the set‘of relations»vhigh_ uhen explicitly
" stored, permit b1l the remaining relations " to be
A formed with a minimum response time: '

- . } . /’\

‘

To our knowlfdge there is no systematic way to angwer either
of these quqstions for a“,gene;al relational data base; tﬁé-
design of ah efficient 5asis is only intuitive and is Qased
én the obsefvatfons of the deSigner. Some investigaiions in
this area include (Lo) and Mxtoma and Irani (Mz) vho devel-
oped a_methodology that facxlztates " the automath; dé%xgn of

Optimized DBTG schema'structurgg for specified data ganage-

.l"

ment applications. - | : o ' B\

In this .thesis we consider a'ba;:icular class of rela-
tjonnl dath bg?es,'fhe biha;yirklatioﬁal datafb&ses. "As for
general relational Qata bases. a bihafy_relationél data base
'1s a collect:on of bxnary relatxdns. Por. this class of data
bases, we show that usxng soﬁg theoretxcnl results obtained
in (Sa), the two queg:;ons_gqsed a?ove can be answered in a

> ' " Toge .
systematic way. E LoaakEs
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1.2 OUTLINE OF THE THESIS

This thesis focuses on the autometed determination of the
basis of a binary relational data;base, and on the practi-

cal implications of the:binary relational model .,

v

~In the next chapter, the b1nary relational model and some

LY

theoretical results obta;ped.xn {(Sa) -are presented. Rela-

tional graphs are used to build up the set of relations and
to determine the set of constraints; this determination
plays a critical role in the construction of efficient ab-

“stract structures.
>

R

In chapter three it is shown that the integrity problem
is avoihed by . u51ng the constralnts-' a procedure to buiid
the set of constraznts is gzven, and a technique to build
the conceptual model is descr1bed. The theoretical results
presented in chapter "2 are used to determiﬁe efficient ab-
stract structures.. All these conceg&s are illustrated by me-
ans of examples. Finally an overall methodology for the' de-

N .. ‘Eu-r/

sign of space and time efficient abstract struc es 1s

described.

i
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. Chapter four is a detailed exampleﬁof the automated ;;n-
struction of efficient> abstract structures. A software pack-
age,'.implemeqfing the methodology described in the-ihesis,
is applied. to a' conceptual model 'desdribing an ‘'academic’
data bage'. As a result, .a time/space effiﬁignt-aﬁstraét
stfuéture*%mplementing the model is obtained. o ~qk\\

.In chaptﬁg 5 we analyze binarf\Yelational data basés ob-.
tained using }his method with respect to the three main. ob-’
jectives : data independance, data rqﬂatabilitj and shar-
ability and nonredundancy of data. We give some of the
charactéristics of the model and céggpre it to the general

relational model. ,
—, - . . * v
Appendix A contains the Pascal program for the implemen-
tation of the algorithms presented in the thesis.

e
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Chapter II
, = | THE MODEL - .
. A\ y 4
. R ) - . ,
2.1 INTRODUCTION . | - g .

Wihtin the context of the data structure design problem

five levels of data refinement can be identitied}(fo):.

1. Data reality: the real ueiiiévjata object;' ‘
2. Conceptual model: a model o the real world where

only the properties relevant to the specific appli-

-—

cations are contained.

3. Abstract structure: a refinement of the éonc%ptual
model in which only some properties are made expli-

. ‘
cit, the others derivable indirectly through compu-

tation.



4. Storage structure: ~a modéel of the abstract
_structure in terms of representation for -each of

the data type occurrences.

.5.'§?imitive encoding: the computer representation

that concerns the physical devices involved.

Associated with each level of absﬁractiqn‘is a set of op-
' _erations performed on the data. The transition from one lev-
el of abstraction to another will not be considered, here;
insteaé, the focus will be on the design of efficient ab-

v

stract structures for data bases.

-

In chapter 1,»- the problem under consideration has been
briefly and ihﬁormallf described.” In this chapter the model:

and some theoretical results obtained in (Sa) are presened.

“
' . - !



2.2 THE MODEL

2.2.1 Domains

PDefinition: A domain is a 'set of items each of the'

same type.

Unlike traditional definitions, we allow a domain to be
more than simply a set of single valﬁbs.' Each occurrence in
the domain, (i.e., each item) is identified by a single uni-

que value for its type.

2.2.2 ° Relations
-

Logiéa} relationships between the elements of different
domains are called re}atigﬁg; The set of all - relations
should be known at design time; some of them will be expli-
citly stored, others are available through computation. In
our model, only binary felations. among domains ére consid-
ered. Let')‘denote the null element.

- g9 -



Definition: A binary relation r between two domains D1l ana :

D2 is a - non-empty subset of the cartesian pro-

duct D(1)UINIxD(2)U{A} where: I |
(1) va(l) ¢ p(1) 3Jd€2)¢ D(2)U{A} such that
(a(1),d(2))er ,

(2) va(2) € D(2). 3a(1) € D(1)U{A} such that
(a(1),a(2))er |

1

d(1)r) will denote the fact that d(l) is not related to any
element of D(2). For sake of simplicity (d(1).,d(2))er will
be represented by d(1)rd(2). '

The right side (respectively, the left side) of a rela-

tion r denoted by RS(r) (respectively, LS(r) ) is defined as

follows:

-~

RS(r) = { aeD(1)| JbeD(2) such that arb}
: LS(r) = { béD(2)| Ja¢D(1) such that arb}

A binary relation r can then be viewed as a table with
two columns and as many. rows as there are tuples in the re-

lation r, the two columns being RS(r) and LS(r).

¥
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Given a relation r between two domainé D(1) and D(2), the
‘ihverse of ‘r denoted by r ‘is a rélation‘ between D(2) and
D(1)  <consisting of all tuples (d(é);d(l)) such that
(d(1),38(2))er. Conseguently Rs(fa)-Ls(r) and LS(r')=RS(r) .
Notice that if a relation r between D(1}) and D(2) exists

" then r! can be derived from r.

| The ability to cost-efficiently locape records in a file’

given any fields or keys is essential to the effective oper-
ation of today's computer-based information éystems. With,
respect to the above model, let r be a binary relation bet-
ween domains D(1) and D(2); the question (or guery)is: given
a€D(1) determine the set of all beD{(2); such that arb. De-
pending on r, this set can be empty (i.e.' cqg;ains only A)
or non~empty . The value of the query q(r)(a), a€D(l),is
the set of all values beD(2) such that arb. ' '

..11_



.2.2.3 Composition

: The basic  peration on bi ary relations is - the composi-
tion. Let r and r : yinary relations between domains
' D(1) and D{(2), and between D(2) and D(3) respectively. The
composition of r and r' denoted | by r*r' is the binary rela-

tion .defined by:

1. V(a,b)enkl)xn(3) if 3c€b(2) (a,c)er and (c,b)€r’ then
'(a,b)er*r' S 5 ' =
2. va€D(l) if vbeD(3) (a,b)er*r' then (a,)\) €r*r'

3. vbeD(3) if va€D(l) (a,b)€r*r’ then (),b)Er*r’

2.2.4 Constraints . \L\_”//

Consider a set of i domains D{(1),...,D{(i), and.i binary

relations r(l),...,r{i) among them, where r(j)“is'a'binary
relation between D{(j) and D(j+1), 1<j <i, and f(ii is a bi~
nary relation'between D(1) and D(i). 1If r(ii,can be derived
ffom r(l),...;r(i-l) by a sequence of compositions of rela-

tions over common domains (i.e. r(i)=r(1)*r(2)*...*r(i-1),

-12 - %
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vhere * denotes the composiﬁion_operation), then a consi-
i raint'is said to exiso on.the'i :elntions:- in particular,
relation r{(i) is said to be derivable from r{l),...,c{i-1)
through a.sequeﬁce of composition operations. Notice that

‘the order”in which the relations are composed is meaningful.

L A

2.3 THE CONCERTUAL MODEL AND ABSTRACT STRUCTURES

2.3.1 Conceptual model

.As montioned before, the'conoeptual model is a model of
the real ¢ ;orld vhere only the properties relevant to the
specifio applications are contained. lTvo geoeral principles
for the conceptual model, that should be obsé&xpd at all

times, have been stated in (Iso). These are :

- 13 -



100 percent principle

All relevant general stagic and dyn#mic‘aspects, i,e.
all rules, lavs etc., of the universe . of dchOUESe
should be described in the conceptual Schema. The in-
formation system cannot be held responsible for not
meetlng those described elsewhere, including in parti-
cular those in application programs.

conceptualization principle

A conceptual model should only 1ncfude conceptually
relevant aspects, both stat1c and dynamic, of theyuniv-
erse of discourse, thus including all aspects of (ex-
ternal or internal) data representation; physécal data
organization and accesg as well as all aspect; of par-
ticular external user representaion such as message

formats, data structures, etc.

!

in this model, the domains are assumed to be disjoint.
The properties relevant to the specific applications are
those binary relations among the domains -and thg constraznts
.on the relations. Let D denote the set of domains, R denote
the set of relatidns and C the set of constraints. We can

then define a conceptual model as follows:

- 14 - "



Definition: A Conceptual model I is a triple I‘-_(D, R, ©)

vhere D, R-and C Jpe defined as above.

2.3.2 Graph representation
. - .

It is useful to represent the set of domains and the set
of relations among them éf the conceptual model by a la-
Beiled-directed graph (Eha, Got,Tsu,éa). Bach node in the
graph represents a dbmain, .and each edge represents a rela-
tion betweer th domains. 1If I=(D,R,C) is a conceptual;mb-
del, the directed graph representiﬁg~wnﬁand ﬁ is G(D,DxDxR)
where D is the set of nédes of G, and the cartésian product
DxDxR is the set of edges. This directed graph.uill be-uséd
as a mean for_ihe automated design of binary relations and

data bases. In the next chapter, it will be used to define

the conceptual model. : | f.

_15-




2.3.3 The abstract’ structure o

1
s
—  tes H - a =
* . -
*

‘Definitiénz An abstract ét;uctureehrimplementing the concep-
. ;uai model I = (D, R,C) is a ;ripie A =
(D,R(A),Q(A)) where: ™ o

- "

1. D is as defined in'I. - | R

-

2. (R(A))* 2 R vhere (R(A))* denotes the set of all
distinct relations that can be obtained through com-

position of‘elémgnts of R(A).

3. Q(A):R---*s(R(A)) is a query mapping defined as fol-
lows: for all réR, Q(A)(r) is a séquenc; qés(R(a))
of minimum length such that g=r (i.,e. q andr are

'equivélentm)

Given a conceptual model I, there exists at least one ab-
stract structure implementing it:“Consjdef the query mapping
- as being the identity’function‘denqted by J . The triple (D,

'h,ﬂ ) is an abstract structure implementing I.

-.16 -¢ ’



2.4 EPFICIENCY MEASURES

— . . -1
9

2.4.1 DPreliminary considerations:

Given a conceptual model I1=(D,R,C), a large number of ab-
stract structures implementing it may éxist. The guestion
is, what are the properties an abstract structure should sa-
tisfy in order to be chosen.’

Two factors will have a definite. influence on such a de-
cision. These are the two components of the abstract étruc*

ture: the set of relations and the query mapping.

if sforage spéce'is at a premuim, an abstract structure
requiring the minimum amount of storage space to store its
relations should be preferred.AIn'general, thé number of tu-
ples of any two relations hay not be the saﬁe.j‘For sake of
§imb1icity, we will assume that all relations are of same
s&ze';"In_this~gase minimum storage implies,minimﬁmjhumber

of relations.

--17 - %
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There may he some disadvantages in abstract strudture.

with minimum number of relat1ons. To ansver a query, some of
'the unstored relatxons nght be needed-' in th1s caseJ) they
must be formed from stored relations by composzng them. This
will undoubtly increase the response time to the-queries.'On
the other hand if all the relations are explicitly stored,
then every query will requxre the. retrieval of only oee ref
lation; that is, every guery 1is answered with minimum res-

ponse time.,

I

Let us assume thet the retrievef 'of a relation tdkes one

‘unit of time. It is clear from the above discussion that de-

' cre351ng the number of explicitlf stored relations will in

general increase the redponse tlme, and increasing the num-

. L4
ber of stored relations will in general decrease the res-

ponse time. The response time maj be different for different

quer1es for the same abstract structure, , this .is so because -

- some of the queries requ1re the retr1eva1 of a larger number
of.relatlons than others. In thig’ thesis, the response time
of an abstract structure is cons1dered as the -average res-

- ponse time to all gueries that can be.posgsibly asked.



A

In the previous sections, relational graphs 'ﬁ4ve beewn *
. defined. Some useful properties of the relational graphs .
were identifiéd in (Sa) and will be presented here without

giving details of the proofs.

2.4.2 Definitions

First observe that the set of abstract structures and the
set. of relational graphs are isomorphic (Sa). That is for
‘every abstract structure A(i)' there exists a relational
graph Hi repfesenting it, and vicé vefsa. Let F(H*) “denote 
. ;hé set of the isomorphic images of the implementations of

I.

Definition: Given a query q(B and given H(i)eF(H*), the re-
‘trieval time for g in H(i) is defined to be:
o(il)(q) = |Q(iMaq)|
..\
A relational graph H(i)R(H*) is said to be d-time effi-

ciemt if VH({j)eR(H*)

. Q(i)(g) < Q(j)(q)*a
v <19 -



‘1f L(H(i)) denote.the number of arcs in H(i), the r&la-
. e
" tional graph H(i) is said to be d-space efficient if for all

H(j)EF(H*) :

in9

< o L(H(i)) < L(Hj)*d S -

'. ( | ’ | k(\z

Let H(i)EF(H*), SPACE(Hi) be the minimum & such that H{i)

- i . -
is &-space efficient, and TIME(H(i)) be the minimum & such
\ .
that H(i) is &-time efficient.

;Lzsigkiqial graph H{i)EF(H*) is d-time optimal if-it is
d-time efficient and VH(j)€ {H(X)eF(H*) s.t. TIME(H(k)) < d}

¢

SPACE(H(i)) < SPACE(H(j))

Ah;élatidnal graph H(i)€EF(H*) is d-space optimal if it is .
" a-space efficient and VH(j)e[H(K)EF(H*) s.t. SPACE(H(k)) < d}

~

TIME(H(i)) < TIME(H(k))

_20...
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In general increasing the space efficienc& will‘éecrease
the time efficiency.!fahd ldécreasing the space efficiencx;é
‘wili incré#se the time efficiency.‘Thg choice will depend 65‘
the particular application. 1In the n;xt éections the ab-:

stract structures, are classified according to theSe effi-

ciency parameters.

————

2.4.3 Classification of abstract structures

As mentioned in the previous section, for any conceptdal'
model Ehere exists at least one abstract structure imple-
menting it. In this structure, -the querj mapping is the
identity fhnction,'and the set of relations is equal to that
of the conceptual model; this structure shall be referred to
as the trivial abstract structure. The trivial abstract

structure is l-time efficient; in fact all the relations are



explicitly stored, and evéry query required the retrieval of
only one relétion. Thaf is,_the avérage response time -is mi-~
‘nimum and is equal to one. On the other hand, the space ef-
ficiency ofs/the trivial abstract structure is very high
since all the relations are éxplicitly stored, reguiring a
maximum amoqnt of stqrage space. The trivial abstraét struc-
ture represents an extreme case: maximum time efficiency and
minimum space efficiency. An abstract structure with oppo-
site properties (i.e., maximum space efficiency (minimum
. number of explicit;y'stored relations) and minimum time ef-

=~

ficiency) is difficult to determine.

T
'

Conéiﬁe;sa conceptua; model 1I=(D,R,C) and an abstract
structure A=(D,R(Ai,Q(A)) implementation of I. A is égid to
be a perfect implementation of I if (R(I))*=R. Recall in the
definition of an abgﬁract structure it was only required
(R(1))*2R. 1In a perfect abstract structure, only the rela-
tions in.R can be formed. Moreover, an implementation A is
said to be a minimal perfect implementation of I iff A is a
perféct implementation and Vre R(A) there is no_abstract
structure A'=(D,R(A)-r,6(A')).implementing I. ,?hat, i; nd

- . \ .
proper subset R(A') 3 R(A) . and A' exists such that
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A'=(D,R(A'),Q(A")) %s an abstract Stfucture implementing I.
Notice ‘that more than one minimal perfect'implemenﬁation of
a concepéuél'modelkmay exists, and that there always exists
at least oné. One of Ehe advantages of this class of ab-
stract stuétures is that'tpey might be copputed automatical—
ly; it will be shown later how. The second advantage is that
they are space efficient, but yet not optimum. ‘The reason
behind the interest in this 'ciass of abstract structures is
ﬁhat, unlike the space optimﬁm abﬁtract structures, they can
be easily computed. The'onyy obvious ﬁeans to determine an
optimum space abstract struétﬁre {(an abstract sfucture with
minimum number of relations) is to exhaustively search all
possible abstract structures implementing the conceptual mo-

del. This is not feasible for any large data bases.
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2.5 - EXISTING TECHNIQUES

2.5.1 Equivalences

-t

It has been ﬁr&ven that the set of abstract structures
and‘the set of relational .graphs are isomorphicﬂ(Sa). . That
is every 1ébstract structure can be represented by a rela-
tional- graph -and every relational graph is the representa-
tion of an abstract structure. Furthermore, the problem of
finding an efficient abstract structure:- can be redﬁced to
the problem of finding an efficient relational graph. A
methodology to find -an efficient abstract structure.has been

definéd (sa) as follows:

1. Find a minimal perfect implementation A(i) of 1.

2, Derive the naturél graph H{i). _

3. Find in F(H(i)) a graph H(j) that minimizes cérta;n
costs. ‘ |

4. Derive the abstract structure 1I(j)} having H(j) as

its natural graph.

-2
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Steps 2 and 4 are -easy to perform. In thié cﬁaptér, it is
shown how to perform steps 1 and 3. Consider stép'lg that.

is, finding a minimal perfect implementation A(i)'oﬁ I.

An élgorithm to construct a minimal abstract structure
and a proof of correctness have been in (Sa). The algorithm
works recursively. It takes an element of ihe set of const-
raint;'and try to add it to the query mépping. In order to
add an element to the qﬁery\m&pping the algorithﬁ search all
its previous elements.~ An element wouldfbe added to the
query mapping after éhecking'that fthe substitution of any
occufrence of the left side of the newv element. in any gie-
mént of the query mapﬁing by the right side of that element
does not create a cycle. Otherwise, this eleqent cannot be
added to the query mapping. The gquery mapping is then formed
after processing all the elements of the set of constraints:
The set of relations of the minimal perfect implementation
is composed of those relations which do not appear as a left

hand side member of an element of the query mapping.
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2.5.2 ' Hierarchical conceptual model

In cﬁapter 2, the concept of a constraint and cycle-in a
graph have been defined; a description of how to determine
the set of constraints by checking all the cycles of the
graph has been given; and it will be shown that not every
cycle leads to a constraint. In particular, if r(l),...;r(n)
are the edges in the cycle, it is possible that

l ié{i,...,n] s.t. r(ii=r(i+l)*..*r(n)*r(l)*..*r(i-l)
If this is not the case (that is,if for every cycle

r{1),...,r(n) there exists i € {1,...,n} such that

r(i)=r(i+l)*,, . *r(n)*c(1)*..*r(i-1)) we will say that the

conceptual model is hierarchical.

N § ié this class of concgﬁtual models thatl will be con-
sidered in: the next sections. It has been proven (Sa) that
if I is a.hierarchical conceptual model then the following
" properties hold:

1. there exists at lgast ‘one minimal perfect implémenr
tation.
2. h(HD) is a tree

3. HO is 1l-time efficient
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4. HO is (n-1) time efficient S
5. H* is m/n-1 -space efficient

6. H* is 1-time efficient

Later on, it will be made use of properties (1) and (2) to.
find an efficient abstract structure implementing a hier-

archical conceptual model.

2.5.3 The redundant graph

In the previous section the model and efficiency parame-
ters have Been defined, and an algorithm to construct.an ab-
stract structure which 1s space efficient has bgen de-
scribed: the minimal perfect implementation. In
constructing this abstract structure, fhe goal was to de-
;ete, from the original set of relgtions; as many relations

as possible provided that the resulting abstract structure
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. . | ] ,

: A
still implements the original conceptual model. In other
words, only the space efficiency of theabstract structure
was'of'concefn; regardless of the time efficiency; conse-

quently, the time efficiency in this structure may degrade.

The main idea behind the Redundant graph.éoiution is
that, by carefully adding relations to the minimal perfect
implementation, the resulting abstract structure is guaran-
‘teed to implement the original conceptual model with coné;
tant response time aﬁd {n-3)log n + n- 1 explicitly stored
relations. Before describing the main steps of.-the.algor-

ithm, some definitions will be introduced.

Let G(V,E) be a tree whefe V is the set of vertices and B
‘Eﬁe set of edges. Let x€V, and G(V(x),E) denote the directed
trée rooted in x. Let x(1),...,x{k) be the children of x in
v(x); and let g(x(i)) denote the number of vertices™in the
largest. subtree of G(V{(x),E) rooted at x(i) not containiﬁg
a, and denoted G(V(x,x(i)),E(x(i}))). Hithout"loss-oﬁﬂgéﬁer;
ality, assume g(x(1))>g(x(2))>...>g(x(k)). Define:

MaxUnb(x) = g(x(l))-g(x(n))
RelUnb(x) = g(x(1))- g(x(k))
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[ 2

Unb(x) = Min(MaxUnb(x),RelUnb(x))
Node x is said to be a best partition in V if VyeV,
Unb{x)4Unb(y). The algorithm can be.described"aslfollowsz

1. for every x;G“find Unb(x)

2. determine t=min Unb(x) .

3. for all direct children x(1),...,x(k) of x form the
subtree rooted at x{i) and go to'syep 1 with xux(ii,
G(v(x,x(i)),E(x,x{i))) _

4. connect t to all er(i) where y is not a éirect

child of x

This algorzthm have been implementéd and code& in Pascal
programming language. The code appears in Appendix (A) Boo-~
lean matrices are used to represent a graph: entry (1,3) is
1 if and only 1f_there is a relation between domains i and

.

-
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~2.5.4 The guefz mapping

 The objective of the redundant graph construction 1is to
construct an abstract structure which needs O(nlog n) expli-
citly stored relations and a.maximum response time of 2, It
can be easily seen that it is always possible to go from any

node in "the redundant graph to any other by traversing at

most 2 edges. In order for the abstract structure to guaran-

tee a maximum respose time of 2, all the relations corres- .
ponding to the edges added by the prodedure should be expli-
citly stored, in additon to the originai‘graph. Yet another
component needs to be defined: the query mapping. This is
the mean by.which any path in the originalkgraph can be

transformed into a path of length at, most 2 in the new

graph. The query mapping cap be defined as follows:
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for every‘shbtree V(xJ with-x as best partition node do
for every'child x(i)'of x do |
for every yev(x,x(i)) do
for every z y,x,zev(x) do .
'Ii a relation r(y,z) relevant to the application exists
then do e |
- If zeV(x,x(i)) then'replace previous value
of r(y,z)'by r(y,z) = r(y,z)*r(x,z)
end if ‘ )

end if
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Chapter III

"

EFFICIENT IMPLEMENTATIONS.

3.1 INTRODUCTION

In the previous cﬁapter thé binary relationél_,mbdel and
the concept of constraints have been presented. Also, some
theoretical resultégbbtained in (Sa) has been given. In this
éhapter-some practical implicationé of thesg theoretical re-
sults will be considered. It is shown that, with the intro-
duction of the concept of ‘constraints as a cémppnent of the
qonéebtual model,‘ the integrity problem, {(which is one of
" the complei problems of relationai data bases) is.av&ided.

This will be illustrated with an example. It is alsq,shown



't
.

how  to practicaiiy implement‘ the theoretical results pre-
1

sented in chapter 2. A procedure for defining the conceptﬁal

model is given, and the implementation of.the minimal per-

_'fect implementation and of the redundant graph is illus-

trated by examples.

3.2 THE INTEGRITY PROBLEM

{

A

An important proﬁlem in a data model concerns the integr-
ity of the system: that is, the prbperty of obtaining gor-
rect answers. To illustrate this concept, we use an example
given in Cardenas (Ca). Figuré 3.1.(a),(b);(c) shows three
relations : EMPLOYEE, EXPER and EHP-EXP; Joining the two re-
lations EMPLOYEE and EXPER over the domain EXPERTISE we ob-
tain the relation EMP-EXP' shown in Fig. 3.1.(d). This rela-
tion contains the actual information of EMP-EXP but it alse.
contains a#ditioqal information which is incorrect (e.q.
THOMAS is in CHICAGO ) and is indistinguishable from correct
information. In our model, integrity is always preserved:
operations over relations can be performed only accprding to

a predefined set of explicit contraints among the relations.
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A Y

. EMPLOYEE

(b)

- 34 -

~ EMP# E-NAME | EXPERTISE AGE-
- .
1 JONES ACCOUNTING| 30
2 MARTIN COMP-SCI - 35
3 GOMEZ ' MGT-SCI 42
4 CHU COMP-SCI 34
5 DAMES ACCOUNTING| - 40
K 6 THOMAS ACCOUNTING 52
7 WATSON MGT-SCI 39°
. ,
(a)
EXPER
EXPERTISE LOCATION
ACCOUNTING CHICAGO
COMP-SCI LOS ANGELES
MGT-SCI LOS ANGELES
MGT-SCI MEXICO CITY
ACCOUNTING LONDON




EMP-EXP

EMP#| E-NAME| EXPERTISE | AGE|" LOCATION
1 JONES ACCOUNTING| 30| CHICAGO
2 \RTIN| COMP-SCI 35| LOS ANGELES
3 GOMEZ MGT-SCI 42| MEXICO CITY
4 CHU COMP-SCI 34| LOS ANGELES
-5 .| DaMES | ACCOUNTING| 40| cHICAGO
6 THOMAS| ACCOUNTING| 52| LONDON -
7| warTson| wMeGT-scI 39| LOS ANGELES
(c)
.
¥
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Il

EMP-EXP’

| e-Name| ExPERTISE| - AGE| LOCATION
1 . |JONES | ACCOUNTING| 30 | CHICAGO
1 JONES | ACCOUNTING| 30 | LoNDON
2 MARTIN | COMP-SCI 35 | ‘LOS ANGELES
3 |coMEz | MGT-scI 42 | LOS ANGELES
3 GOMEZ | MGT-SCI a2 | MEXICO CITY
3 CHU COMP-SC1 34 | LOS ANGELES
5 DAMES | ACCOUNTING| 40 | CHICAGO .
5 DAMES ACCOUNTING{ 40 | LONDON
.6 THOMAS | ACCOUNTING| 52 | CHICAGO
6  |THOMAS | ACCOUNTING| 52 [ LONDON
7 WATSON | MGT-SCI 39 | LOS ANGELES
7 |waTson | meT-scr 39  nEx1¢b crTy
- -
. (d8)
. Figure 3.1
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-'3:3 CONSTRUCTION OF THE CONCEPTUAL MODEL

3.3.1 Example : »
Let us consider again the example of

EMPLOYEE-EXPERTISE-LOCATION illustrated in the previous sec-
tion, and assume that the basic gqueries which will be asked

are the following:

1- For a given employee find his location.

2- For a given employee find his experise.

3- Por a given expertise £ind its location(s).

4- For a given éxpéritise find emﬁloyeé(s).'

5- For a giwen 1ocation.find éxpertise located there;

6- For a given location find employeé(s).

Let us first observe that the previocus representation does

not conform to our model: firstly, in our inodel all rela-
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tionships among data are binary

relations among domains;

. secondly, 'elements of the domains are uﬁique: finally each

value may fepresent an instance of a record type. To be con-

sistent with our model we then define a new set of record

types as follows:

EMPLOYEE
EMP$ E~-NAME AGE
1 JONES 30
2 MARTIN 35
3 " GOMEZ - 42
4 CHU . '34
5 DAMES 40
6 THOMAS 52
7 WATSON * 39
Figure 3.2
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EXPERTISE

EXPER

LOCATION

ACCOUNTING

COMP-SCI
MGT-SCI

CITY

CHICAGO
LOS ANGELES
MEXICO CITY

1 LONDON




3.3.2 Construction of the ‘conceptual model

Tﬁe_proceqs of defining the conceptual model correspond-
ing to the real world is not an easy taskL ‘The designer
should have a thorough understanding of the model, of #11
actual and future appllcatlons and have some statlstlcs re=
garding the usage.of the data. The 1nc1051on of a property
or a relation irrelevant to the specific applications unne-
cessarily complicates the model and wastes space to store
it; on the other hand, the model would be inefficient if
some important properties of the data were not identified in
the conceptual model because of misinformﬁt{bn abﬁut the us-
age of the data. The other component of the conceptual model
which neéds to be defined with special care is the set of
constraints. In vicus section it has been shown through
an example how incorrect informations can be derived by
joining relations in absence of constraints. This empha-
sizes Ehe'role that the gonstrainfs play to maintain integr-

ity information. The designer of the conceptual model should
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"{J.
check for every constraint of the form r=r(1)*...*r(i)
wvhether in fact the join of relations r(1),r(2),...,r(i) is
equal to the relation r. It might happen that this is true
only for some particular instances of the data. In such a

case r=r(1)*...*r(i) can not be é&hsidered as a constraint.

3.3.3 Relations i \

When constructing the conceptual model, after identifying

the domains, the next step is to identify” the relations

among thése domains and define them. At t is st ~one can
check whether the set of relations can satigfy all queries

. .which might be asked. This can be done by considering each -

domain in the graph aﬁq ensuring that every relation involv-
ing that domain is represented by an edge; if this is not
the case, the relation corresponding to the missing edge
should be added to the set of relations. The next step is
to define the set of constraints on the relations.

Define the domaimEMP# with values ’

| 1, 2, 3, 4, 5, 6 and 7,

~ each of these _values identifying a uﬁiqﬁé ‘record, the do-
'maingVEXPBR and CITY are defined as before.

Let us also define the set of relations: 0
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EMPLOYEE-EXPERTISE ={ (1,ACCOUNTING), (2,COMP-SCI},
' | (3,MAG-SCI), (4,COMP-SCI),
(5,ACCOUNTING), (6,ACCOUNTING) '}
\ (7,MGT-SCI) B

EMPLOYEE-LOCATION = {(1,CHICAGO), (2,LOS-ANGELES), .
(3,MEXICO), (4,LOS-ANGELES), (5,CHCAGO),
(6,LONDON), (7,LOS-ANGELES) }

. “o
. "EXPERTISE-LOCATION = {(ACCOUNTING,CHICAGO),
(COMP-SCI ,LOS-ANGELES), (MGI-SCI,LOS ANGELES),
(MGI-SCI,MEXICO-CITY), (MGI-SCI,MEXICO-CITY),

(ACCOUNTING, LONDON) }

-‘1....



EMPLOYEE-EXPERTISE

" EMPLOYEE-
LOCATION

EXPERTISE-
‘LOCATION

Figure 3.3

' The graph representing these sets of domains and reiations
is shown in figure 3.3. The relations can also be rebresent-

ed by the tables of figure 3.4.

A &
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EMPLOYEE-LOCATION

EMP# CiTY

1 CHICAGO

2'. LOS ANGELE
3 MEXICO CITY
4 LOS ANGELE$
5 CHICAGO

6 LONDON

7

LOS ANGELES

(a)

- 43 -

EMPLOYEE-EXPERTISE

_EMP# | EXPER
1 ACCOUNTING
2 COMP-SCI
3. MGT-SCI
4 COMP-SCI
5 ACCOUNTING
6 ACCOUNTING
7 MGT-SCI

(b)




EXPERTISE-LOCATION

EXPER CITY
ACCOUNTING CHICAGO
coMp-scI. LOS ANGELES
MGT-SCI LOS ANGELES
MGT-SCI  MEXICO CITY
ACCOUNTING LONDON

~{e)

y o

Figure 3.4

'3.3.4 A procedure for defining the constraints

The next step in the construction of the conceptual mo-

del, is the definition of the constraints. The corresponding
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grapﬁ can present a great help for this purpose. Forfevery

cycle in the graph we must check whether a constraint can be

derived. This can be done by executing the fpllowing'steps

on the cycle.

For all

-

cyclic permutation of the nodes in the cycle:

—

. Number the nodes on the cycle from 1 to n (where n

~is the number of nodes in the cycle).

Write down the ref.n corresponding to r(1,2)
(r(1,2) denotes the relation between 1 and 2 ).

Join all relations torresponding to the edges
(i,i-1), i=2;...,n, and (1,n) on the commoy domains.
(recall that .if r(i,i-1) is in the set of relations,

r (i-1,i) is also in the set),

Check if relation derived in step 2 and relation _

derived in step 3 are equal. .

If yes then there " is a constraint
r{(1,2)=r{1l,n)*r{n,n-1)*,.*r(3,2) otherwise there is

no such constraint.
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" In the previous example we showed the graph contains one

cycle,

which contains three edges.

Joining the relations.

EMPLOYEE-EXPERTISE and EXPERTIgE-LOCATION on the domain

' EXPER gives a relation with LS(R)=EMP4 and RS(R)=CITY and is

shown in fig.(3.5) (a).

EMP#

CITY

NNy e W W N H

CHICAGO
LONDON

'LOS ANGELES
LOS ANGELES
MEXICO-CITY
LOS ANGELES
CHICAGO
LONDEON
CHICAGO
LONDON

LOS ANGELES
MEXICO CITY

(a)

ri

8

EXPER CITY

. ACCOUNTING | CHICAGO
COMP-SCI LOS—ANGELES
MGT-SCI LOS ANGELES
" MGT-SCI MEXICO-CITY
ACCOUNTING

LONDON

_4'6_

(b)




La
2

EXPER

-q-amm-a-hwm_ml—-%"
: = wh

ACCONTING
COMP-SCI
MGT-SCI
MGT-SCI
COMP-SCI
MGT-SCI
ACCOUNTING
ACCOUNTING
COMP-SCI
MGT-SCI

{c)

-

Figure 3.5
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Relation r is - derived by jeoining EMPLQYEE-EKPERTISE, and
ExPERISE_LiCATION. It is obvious that r is not" egual to
EMPLOYEE-LOCATION_relation and no consttaiﬁt can be derived.
On éhe other " hand joining'relafions u(EMPLOYEE-EKPERTISEr
with_EMPLO?EE—LOCATION on the domain . EMP#'gives relation‘r'
'shown in figure 3.5 (b) with LS(r)=EXPER and RS(r')=CITY and
this relation 1is equal to the relation EXPERTISE-LOCATION.
Hence "+ there , . is a constraint
EXPERTI SE-LOCATION= (lEMPLOYEE-E’XPERTI SE SI*EMPLOYEE-LOCATI ON., _
The relation r'' with LS(r")=EMP#,i RS{r")aExPER in figure
3&5'(ch is not equal to.EMPLOYEE-EKPERTISE anq‘no constraint

is derived,

]

At this point we have shown how to define the three com-
‘ponents of the conceptual model. That is the domains, the

relations and the constraints. In the following we will go_

. . one step further and show how to efficiently implement a

i conceptual model.

- 48 -
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3.4 CONSTRUCTION OF ABSTRACT STRUCTURES

Back again to the example, two abstract structures imﬁle?
menting the concepéua; model defined abovecan be defined.
These are the abétraét~structu;e A . (D, R(A),TJ ) vhere J is
the i@entify function, |
 D={EMP}, EXPER, CITY}
R(A) = |  EMPLOYEE-EXPERTISE, EMPLOYEE-LOCATION,
EXPERTI SE-LOCATIONY; | o
and thg abstract strué;ure A'={D, R{(A'), Q(A') . ghere D is
as above, R(A'}= (Eupioézs-zxpERTlsz, zEMPLOYEﬁ-LOCATION$,
and Q-&efined by

Q(EMPLOYEE-EXPE@TISE) = EMPLOYEE-EIPERTISE

Q(EMPLOYEE-LOCATION)} = EMPLOYEE-LOCATION _

Q(EXPERTISE -LOCATION)’ =1 (EMPLOYEE- E‘.IPERTISE)1 _ *
EMPLOYEE-LOCATION. '

-

Notice that for each relation included in the set of rela-

-

tions, it is implied that its inverse is also included.

>

As for the conceptual godel, the set of domains and the
set of relations can be represented by a graph. The graph

corresponding to the abstract structure A is the same as for



v

the conceptual model; Figure 3.6 shows the graph correspond-

ing to A',

EMPLOYEE-EXPERTISE

EXPER

EMPLOYEE- -
LOCATION

Figdre'3.6-

-;‘w

Ii;i.s " THE MINIML PERFECT IMPLEMENTATION AND_TﬁE REDUNDANT
: GRAPH - - ‘

BN
, _ / - |
In chapter'z, . the procedure for constructing a ﬁinimal
- perfect implementation has'been described. ‘Th; inputs of
the procedufé are the names of _the-relations and the const:
raints among them. The output ié the set of relations to be

explicitly stored, and the query mappiaa\4Q¥ome comments are



in order. When describing the procedure for construcfing the
redundant graph, we has been assumed that the information

about which domains are related by each relation is provid-

ed. This is -necessary since, to directly go from one node to °

another, vit is necessary to know whether an edge cdhnecting
them exists (i.e., whether a relation among them exists).

- Also, after adding an edge between two nodes, it is neces-

sary to know what is ‘the name of the relation relating the

domains corresponding to the nodes. Therefore, in order to
go from the minimal perfect implementation to the redundant

graph two additional pieces ofinformation must be supplied:

1. For each pair of domains whether they are @iréctly
connected or not. This can be provided as a boolean
matrix as_mentioned before.

2. For ecach relétion r, what is the pair of domains
related by r. This can be defined by an nx3 matrix

where n is the number of relations. The entries of

the first column are the name of the relation, the.

2nd and 3thd is the first and 2nd domains.
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3.6 SUMMARY OF THE PROCESS

~-

The whole process of efficient abstract struéfure defini-

tion can be summarized as follows

G

4 . . o . -
1. Define the conceptual model, namely the domains, re-

lation among them and the constraints.
2. Execute the "the minimal perfect implemehtation
procedure” with: name of the rglaLions and the
_constraints as input. The output 'is a minimal per-
fect implementation: The domains (which are the same
as in the conceptual model}, the name of the rela-
tions to be explicitly stored , and the query map-
ping. ' . |
- 3. If response time is not very important, then Stop at
this'stage, othervise continue.
4. Supply the following two iﬁformations: .
a) for each pair of domains is there a relation
relevant tb the application. '

b) for each relation r what is the pair of domains

related by r.
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5.

_usihg ;he information in H, transform the set of ex-
plicitly stored relations of the minimal perfect im-
plementatiocn in 2 iﬁto a graph which is a tree,
Execute the "Redundant graph procedure”., This will
output a new graph, whose edges corresponds to the
set of explicitly stored rélations; it will also up-
date the guery mapping. |

For each relation added by the procedure "redundant

,graﬁh", check if . this relation is relevant to the

appiications. If yes do nothing, ohterwise check in
the guery mapping if this relation appears in the
definition of another relation. If so do nothing,

-

otherwise delete it from the set of explicitly

.stored relations.

Py
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3.7 COMPARISON WITH THE GENERAL RELATIONAL MODEL

Compared to the genefal relational model, -the binary re-
1ationa1‘mode1 has both advantages gnd disadvantages} The
major disadvantage is that relations cannot be defined dy-
,namicaliy as in the general relational model; in-fact, rela-
tions are defined only at design time. However this fact has ’
‘also its advantages. Namely, there is .no need for a data de-
finitioﬁ language as inl the relational model. Furth&rmorﬁ?
several ﬁroblems which heedlcareful and.sometimes-very\cém-
plex solutions.are avoided (e.gz; the refeFential inéégrity,
wrong functional ﬁepepdencies, etc.) | The referential in-
tegrity problem is the problem of engpfingthat all values of
a domain appear in at least one tuple of a relaion. . ‘The
wrong functional ‘dependencies problem have been explaineq
before. ° Avoiding these problems means reddcing tﬁe amount
of software’ needed to implement the model. For the modél
presented here, what i5 needed is an information retrieval ’
system. An efficient abstract structure can be au;omatiq311§
designed as shown before. The degree of control of, the effi-

ciency in general relational model is smaller, and this is

--54 -
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based only con observations of the designer and no measure is

proﬁided.



Chapter IV .
A DETAILED EXAMPLE

* .

4.1  INTRODUCTION '~ _

Consider an academic database, definea as follows. The
faculty of science and engineering wants to computerize the
retrieval of information regarding its'departments, the
ﬁrofessors; the séhdents, ;heir Backgroundsand the courses
offered byJeach department. The féculty has severalprofes-
sors teaching courses, several students, and of&ers several
courses. The following assumptions hold: each professor'of
the faculty is a member of only. one ‘department, and teaphes
at least one course offéred by his/her depargment. Students

‘come from different places and different programs. They have

different backgrounds.

-
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‘4.2 THE QUERIES °

-

Occasionnally, the™ollowing information needs to be ret-
rieved from the database:
1, Whic@ are professors iﬁ department x?
2 ; Which are the courses offered by depértment,x?
3 . Which are the stuéénts of department x? |
4 ., Wwhat 1is the baéggroﬁnd of the students taking
‘courses in department x? |
5 .Which courses are taught by professor x?
6 . To which department does member professér,x beloqé?
7. Which studénts_are taking courses from professor x?
8. What are the backgrouhds-of the sfudents of profes-
soi;xfip course y? .‘ |
9. Which déﬁé%tmeht is offering course x?
- 10. Who is the professo; teaching course x?

11. Who are the students taking course x?

-
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’ 12.

13.

14,
15.
16.
17.
18.

19-

What are the -backgrounds of the students  taking

course x? .

Who are the proféssgis of student x?

What course(s) is studentrx taking?

In what department is a.student x?

What are the backgrounds of the student x?

Which students have.a background x?

In which courses are the students who have back-

ground x?

Who are the professors of students having back- |

. ground x?

20.

In which departments are the students with back-

grouﬁd x?



4.3 CONCEPTUALIZATION'QE THE SYSTEM

it is clear from above that the data base contain five
different types of entities. These are the professor entity,
the student entity, the course entity, the department entity
and the background entity. Several relationships among
these entities exist. A professor ie related to a depart-
ment, to courses, to students and to backgrounds. A course
is related to the professor who teach it, to the department.
which offers it, to the students who are taking it and the
their background. A department is related to its professors,
its students and the1r background and to .the couses it of-
' fers. student are related to the1r professors, their depart-
ment, their courses and background. A particular background
. 1s related to the students who have thlS background the
courses wh1ch contain students w1th th1s background the de-
partments having students w1th this background, and the

professors teaching students with this background.

This corresponds to five domains: PROF, STUDENT, COURSE,

BCKGRND and DEPT.  The relationships among them can be ex-



pressed by binary rélations. The graph of figure 4.1 repre-

sents the donmains and the relations among them.

The relations are:

A = DEPT-PROF

PROF-COURSE =

= COURSE-STUDENT -..

= STUDENT-BCKGRND R
DE?T—BCKGRQD

= DEPT-STUDENT

= DEPT-COURSE v

T 0 ™M m B 0w
n

= PROF-BCKGRND
I = STUDENT-PROF
J = COURSE-BCKGRND
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"Figure 4.1
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Notice that a relatlon exists between every two dOma1ns,_and

-1
.there is no need to check whether a relation is missing. A,

Hﬂ, 64, ﬂA,‘Ed, Fd; 6!, u?, 1!, and J' are the inverse rela-
tions: U51ng these relations; all the queries of the previ-
ous section can be answered. The relatlons can be represent*
ed in such a way that an entry in a relation represent only
. the fact that an 1nstance of a doma1n 1e related to another
instance of another doma1n. For instance relation C can be
represented by matrix, the entries of thenmatrix containing
_the marks of the students -in the courses. With this repre-
sentation of relation C a new query-can.be answered in addi-~
tion to .to the original one (who are the -etudentsttaking

course x?), that is: what are the marks of the etudehtj;\
_ .

taking course x.

It is clear that with this set of relations as defined
above we can answer all the qderies that can be asked on the
data base, “and there is no need to enumerate each query and

the correspond1ng relation.

In order to define the conceptual model of this data re-

ality the set of constraints must be defined. This can be
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done using the procedure described in chapter 2. ‘The Sgi ?{.-

relations defined above have the following set of const-

rainfs:
1. G =A*B
2. F = G*C
.3. I=C*B
4, J = C*D , )
5. H = B*C*D ‘
6. H = B*J ‘ |
7. E = P*D
3 8. E = .G*C*D
'hﬂL the conceptual model is:

c = (D,R,C)

D,R and C are as defined above.

o ' ; o
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4.8 . THE MINIMAL PERPECT IMPLEMENTATION

In order to find the minimal perfect implementation using

tﬁg—p&q&:?m shgwn_in appendix (A), the relations should be

numbered by a seguence of integer numbers from 1 to N- {N-is

L

lgfg;.number of the relations in the conceptual " model). We

nulber the relations of the conceptual model as follows:

N(A) = 1, N(B) = 2, N(C) = 3, N(D) = 4, N(E). = 5, N(F) =6,
N(G) = 7, N(H) = B, N(I) = 9, N(J) = 10 |

Using this notation the.constraints become:

7 = 1%2

6 = 7%3

9 = -3%2

10 = 3*4

8 = 2%3%4

8 = 2*%10
F 5 = g*s4

5 = 7%3%4

- 64 -
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_The-;u ram.ias ruﬁ“vith this data as input. It produced the
set of explicitly stored relations and the qu;ry mapping of
a corresponéfng minimaiﬁperfect implementation and this is
shown in page {66). Figure 4.2 shows a’.graph representing
thiS'minimal perfgct-peffect implementation. The graph_iswa
:tree,-which means C is a hierarchical conceptual model. The
redundant graph can ;hen be found. The pfocedure TIMIMP is
executed with input the gnaph as producéd " by procedure
SPACOPT, after the additional input‘regagdingrrelations and
domains are entered, 'as explained in chapter 3 and in the
" documentation of tpe‘b;ograms. The output oa fhe procedure
is the redundant gr;ph of‘%igure 4.3.. It corresponds to the
guery mapping and the sSet of relations as printed by the

procedure, : -

-
.

{
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' THE MINIMAL PERFECT IMPLEMENTATION CORRESPONDING

TO THE.?OLLOHING SET OF RELATIONS AND QUERY MAPPING
. » )

THERE ARE 4 EXPLICITLY STORED RELATIONS

THESE ARE .
R1, R 2, R.3, R &,
THE QUERY MAPPING IS

> 1

R1* R 2

R 7

R 6 R1* R 2% R 3

RS9 = R-3* R-2

Ri0

R.3* R 4 | f -
R8= R2*R3*R4

'R5= R1*R2* R3* R 4

-

THE ABSTRACT STRUCTURE CORRESPONDING TO REDUNDANT GRAPH IS

 THERE ARE 6 EXPLICITLY STORED RELATIONS
THESE ARE - Lo . . e

R1,,R2, R3, R4, R-7, R10,

THE QUERY MAPPING IS

R 6

R 7* R 3

R 9

R-3* R-2-



R8= R2*RIO .

R5= R 7* R10.

C |

~ Pigure 4.2
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Figure 4.3 :

_63..



Chapter V
..'ANALYSIS AND CONCLUSIONS

5.1 ANALYSIS

In this section the data bgée obtained by applying the

proposed method is discussed with reference to the m&iq“ob-

a
jg;;iveé‘of data bases: data independence, sharability and.

.

nonredundancy and relatability.

”

5.1.1 Data independence

. -

The concept of data indepeﬁdence is central in data bas-
-es; it denotes indgpencdence or insulation of application
' program users from a wide variety pf changes in the specific
logical, phfsical, and storage organization of the data
base, Under the the propesed modei, ‘the user is .unaware of

how the relations are formed to answer a query. All the user

'L

need to know is the set of queries (relations) which can be

Y
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asked, not how they are answered (i.e., whether the-quet§ is

ansvered by sceﬁning an explicitly stofed relation or by

joininé-other explicitly. stored relations). The qﬁery

>ping.yi11 provide this information. We are assuming here

that an interface between the end user and the data

ists. The logicalldeSign is unknown to the application pro-

grams. This implies also that any cbanges in the abstract

structure is unimportant to the user, and gives the designer
‘ .

an opportun1ty=to make changes in the logical design of the

abstract structure vxthout the need for changes in the ap-
plication programs. Th1§ property of the model is very im-

portant. In fact, the content.of the data may vary in time;

. because of this, the size of the relations can be affected,

leading to large difference in s1ze between relations, In
th1s case, it may be conven:ent to store smaller size re-
1a10ns ‘rather than 1arger ones, at the .cost of modifying the

query mapping accordingly.

The relations themselves ean be defined in different
ways, (e.g. linked lists, Boolean matricee;‘etc ). The ap-
plication prograﬁs are independent of the phys1cal and of
the stonpge organization of the relations. . Hence, the data

"
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indebendehcei(vhich is. one of the primary goals in data base \
"design) is achieved to g_grgqt,degree'ih our model. | Still,
application programs (as in'ény other model) depend on the
contents‘of the data base: in order td addres a qhery of
éhe form "what are the values ‘in domain D(2) which are re-
lated to value 'a’ in D(1) ?" we need to know that domain
D1 contain the value 'a’, and that a relgtioﬁ between D(1)

-and D(2) exists.

5.1.2‘ shareabiiity'and nonredundancy of stored data

The gbal jz to gnable gpplithidns to share an integrated
.base containing all the needed data, thus eliminating as
mucﬁ.as poséible the need to store reaundant data. This is
achieVed at two levels. First, domainé related 'to more than
one domain need not be stored more than once; in this way a

domain might be shared by more then one relation. Secohd,

the relations and query mapping are shared by all the users

P -~

-
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of the data base. Since the abstract structure implements
the conceptual model, which contains all properties of ;he
data relevant to the specific applications, all the users or
applications gueries’ can be ansueréé'thfough the abstract
structure. ﬁouever, as seen before, some data redundancy was:
necessary for enhancing data base performance in t?rms of

access.

5.1.3 Relatability

Relatabiiity is the .ability of defining ‘relationships
between records or entities at the logical level' jpst as
_conveniently as defining the recardé themselves. The binary
relational data base apprbéch views the logical data base as
a_simple colléétion of two-dimensional tables called binary
relations. These tables are easily - understood and can be
identified by designer and invplve.no'consideration‘ of ac-

cess path éspec;é as in other models such as, hierachical ar
A .
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netuork The fact that only bxnary relatxons are considered

’reduces the conplexlty of the process of determznlng the set

N of bznarylrelatxons, but at the same tlme increase the num-

ber of relat{ons.

5.1.4 ' The interface with the future

v

In prectice, some data are referenced verf frequently
while others only occasionally. It is desirable to_btore‘ the
frequently referenced data in such a manner that they*cen be
accessed quickly and conveniently, A.major assumptien was
made when constructiﬁg the absfract'stucture: that is, all
.relations are edually likely to be referenced. 1If this as-
sumption doesn’'t hold in practiée, it is‘always possible‘to
explicitly store a relation which is more frequently refer-
enced, if that may improvegthe performance of the data béee.
At the same time, if en explicitly stored relation is seldom
referenced and it is feasible to derive this relation by

explicitly storlng other relations which are referenced more:

often, this can always be done -after the data base is run-.-"

ning, Jithout affecting the application programs. This means



‘that the physical_o;ganization of the d@ta , or the abs;réctj‘
structure can be_ altered in the futurer conveniently. Yet,
al;é}atiﬁn atffhe logical lével may npt'be possible without
altering the application programs. 1If one of the relations,
for example, becomes unimportant or meaningiess in the fu-
ture, deleting:it means that mno refgrénce to that relation
is possible anymore. Therefore applications programs must be
changed; also the relations referencing ft should be
changed, that the query mapping should be red%fiﬁea. The
other.possibility-of adding a new relation do not affect the

existing programs.‘

The other component which may_dhange i e future is the
set of constraints. In such a case the gQu mapping should
be redefined. But again the end user is unaware of this

fact. Redefining the guery mapping may.;equire‘reconstfuc-
tion of the abstract structure or simple modifications of
the existing one to accomcdate the chanées. Change in the

physiéal storage of data, have no effect on the end user.
-4
Summarizing, changes in the -data on’-the conceptual level

may affect the end user only in the case of relation dele-
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tions; anmy changes on the logical or pﬁgsical—organization

have no effect on the end user.

-

5.2 CONCLUSIONS .

5.2.1 Sumharg of results

The thesis focused on the automation of the design of
"data bases. Some theoretical results obtained in (Sa) have

2

been €onsidered. 1t was shown that this problem can be effi-
ciently solved. A software package coded in Paécai were de-
veloéped in order to désign a binary relational data base.
The'progrém takes a set of ‘relations and the set of‘constj
raints among them and processes them according‘to'ﬁhe algor-
?thm shown on page 15. and produces the query mapping and

the set of relations of the-minimal

perfect“implementation. Then it process the minimal perfect

implementation according to the algorithm - on page 31. and
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introduction of the concept of constraints, the integrity

. § g
produces the set of relations of the reduvhdant graph. This
showed tifat the automation” of the design of data bases is'
not just a theoretical result but can be practically imple-

mented.

It was shown in,c?ap;ef 3 how the conceptuaii;ation of .
the real world can be:done. A procedure for fhe determina-
tion of the constraints was given. We observed that the con-
cepguof constraints was essential in order to avoid the in-
tegrify problem, ThislwaS'illustrated by an exampié. Also it
was showed how practically the design can be'dOne. The bi-
nary relétionai model was analyzed with respect to data in-
‘dependencé; shearability and nonredundancy and relatability.
A detailed éxample that illustrates all the phases of the'

design were given in chapter 4.

5.2.2 Final remarks

Conceptualization of the real world is normally a complex

task to perform. It has been noticed that using the binary

 relational model, this task becomes easier. Also with the
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problem iskavoided, The constraintsgave a means for avoiding
the.storage of EOmetrelationS' that can be derived through
. composition of others. On the other hend, the query mapping
formed after processing the constraints will give a unique
'path.from;any node to any other in the graph; As conseguence
of that, phe‘user need not to be aware of how to.nevigate in
‘the graph from one node .to another. In the general.relatioﬁ-
al model ana the network model- the user vastee'a considera-
ble amount of tlme to conflgure his path since there may ‘be

several of them that connect two nodes.

A weak point in this medel is the fact that the automa-
tion can be done only when the miﬁimal perfect implementa-
_tion is a tree. The redundant graph uses that fact to deter-
| mine the balanced 'subtrees of a tree., Some exper1ments are:
_needed in ordet to determ1ne the importance of this prohlem.
it is ‘not known whether in real appllcatlons models would
tend to have the structure of a tree. It is befieved that
'this:may'ngt be.the case../Some investigation is needed to
_ ;determine‘ if‘e-_ﬁenftfee structure can be cdnverted to a

& : ' o . . .
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A _ . Appendix A

' A SOPTWARE PACKAGE FOR EFFICIENT ABSTRA ' .
. _ STRUCTURES

. | . , o
The implementation -of*j:e theoretical results presented

throughout thls thesis can be viewed as two main procedures.

Procedure SPACOPT and porcedure TIMI;?\\\

ProcedureLSPACOPT (for spaoe 'optidizationr reads in the
number of relations of the model and the constraints. The

' constraints are read into a matrix. . BEach row of the matrix
corresponds to a constralnt.. - The first entry ofTeooh row
indicates the number of elements of the constra1nt 1ncludlng
thatrentmy. The second entry, is the léft hand side of the

. equality and the remaining entries are - the names of the re-



\ ‘ ’ 2 .
\\\“—”Tetions thet sould be joined to give the relation of the

-

left hand side. For example, if we have 4 constraint of the

L3

forny: o ’ ' S

7 = 5%3%]

- . LY

the first five entries of the corresponding row are: 5,7,5,3

ahd 17'. ”( . ’ . ]

The ohjectide of the procedure. SPACOPT is to determine.

the two components of the minimal perfect implementation of

: -~
the model, which are the set of explicitly stred relations

and the query mapping. To achieve that it creates a -matrix

MATQUERYMAP similar to the jone corresponding to the conet-
raints. We will refer to t ' query mapping by'MATQUEniuAP

and to the set of constraints bR MATE.

Procedure COPT initializes the first row of

-MATQUERYMAP to the firs row of H&Tx Then repeatedly, unt11

MATX contains no more nstralnts checks for each row wheth- -

er it could be added to the MAEQUERYMAP and 1f yes it wxll

.add it after replaclng any occurrence in the MATQQ@RYMAP of

its second entry by 1ts equ1va1ent whlch is the rest of the

row, then delete it from the MATX and’ ﬁelete any row of MATX

T




LY

if it has same second entry or, if replacing an entry of

that row wh1ch is equal to the second emtry of th1s row will

create a cycle. A row.cannot be added to MATQUERYMAP iff re-

placing one occurrence of its second entry-ln the rows of’

. MATQUERYMAP will create a cycle, After all the rows of MATX

have been processed, MATQUERYMAP is formed. Then the set of

explicitly stored relatiohs is computed by checking all sec-

ond ent aes of MATQUERYMAP. All \cilatxons which figures as'
no

second entry of HATQU&RTQK@ are

rest forms the sgt of exp11c1t1y stored. relations. Procedure

expl1c1t1y stored. The

SHOHOUTP is then called to display the " elements:. of
MATQUERYMAP and the set of explicitly stored relatlons.

After determ1n1ng " the componen}s of the m1n1mum.perfect

implementation, procedure SPACOPT ca¥ls procedure TIMIMP.

\ . .
The TIMIMP procedure is an-implementation of the redbindant .

graph. SPACOPT passes its output to procedure TIMIMP which

asks' for more informations. TIMIMP represents the graph'

representing the domains and Ehe_binary reIa;ions aﬁong them

by a boolean matrlx.' For this end the domains are numbered

fnomhl to N, where N is the number of domains. Each domain

number correéponds to a row number and a column number of

A B
Ve



the matrix. The entries of the matrix are defined as fol-
lows: .
’ ’

a(i,j} = 1 if a relation between i and j exists

a(i,j) = 0 otherwise

In order for TIMIMP to form the boolean . matrix it needs
to know for each relation what are the domains related by
it. Since_.the relations are also numbered from 1 to
ﬁRELATIONS then a matrix of .two columns and NRELATIONS rows
is used. SETREL is the array used to represent these infor-
matiéns. 1f i is a relation betveen domains m and n then
SETREL(i,1)=m and SETREL(i,Z)=n; Aftef‘reading these infor-
mations TIMIMP calls a sequenée of procedures, which.them—-
" selves callg‘other proctdufes. 'The'goal of all these proce-
dures 1is to form‘ tﬁE  redundant - g?éph by _exécuting .the
algorithm of paée 50. : | |

]

" PIMIMP calls REPRES to convert the output of SPACOPT into

a boolean matrix representing the graph of the minimum'per-
fecﬁr”ﬁmplementation. ~ The: graph is. a tree. Then calls’

-

ADDREL.

I
=)
Ko

|
[
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ADDREL is a recursive procedure. It takes a-trée and its_
root and calls BESTPART to determine the node vith'best par-
tition of this tree then calls CONNECT -to connéct this node
_'to all its noq—direct child, then detefmines the names of

the relation between this best partition node
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A.2

THE PROGRAM | e

PROGRAM PROCESSING(INPUT,OUTPUT);

.
Lo

(*****t******t*i.t—**t*‘{**.******

*

*

*

- -

*

PROCEDURE PROCESSING *

———— e —————— : *

) *

PROCEDURE PROCESSING READS A SET OF RELATIONS *
.AND A'SET OF CONSTAINTS. FOR EACH CONSTRAINT *
IT DETEBMINES WHETHER A REﬂﬁTION CAN COMPUTED- *

THROUGH OTHER RELATIONS WITHOUT CREATING A CYCLE *
' BY COMPARING IT TO THE QUERY MAPPING AND IF THE *
ANSWER IS POSITIF THAN IT WILL ADD THAT CONSTRAINT*
'TO THE QUERY MAPPING AFTER REPLACING EACH OCCURENCE
OF THAT RELATION BY ITS EQUIVALENT IN: PHE QUERY  *
' MAPPING AND IN THE REST OF THE CONSTRAINTS. AS - *

A RESULT ‘THIS PROCEDURE GIVES THE SET OF T
EXPLICITLY STORED RELATIONS AND THE QUERY *
'MAPPING OF THE MINIMAL PERFECT IMPLEMENTATION. *

- ) .

' N T
- - B6 - =
- a - .
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QI

, (* * ®* % % *x & *(*/:'*-% ¥ * % %k k %k % k k * k * k *k k %
L, : _ .

,J

* & k & % % & * % k % ® & k * * % * k Kk * *® k K x & X

-

x) _ . -

-

//‘\

TYPE MATRIX = ARRAY(.1..50,1..20.) OF INTEGER'; ' VECTOR

ARRAY(.1..50.) OF INTEGER ; VAR

MATX , MATQUERYMAP

MATRIX ;

ELEMTOSUBS , SUBSTINCONS, SUBSINCONSTOP, REL,ORIGREL
VECTOR-:__ | ,

NRELATIONS, NCONSTRAINTS,_REMN,tJMOFCONS,-Iﬁ, J, FLAG,

33, NORDREL, NORRFOLLREL, SUBSTITNUM, ELEMTOSBS,

NNRELATIONS ,NUMOFSUBSTIN, ~NNCONSTRAINTS, NQ, NQUERY,

NFIRSTMEMBER, NDELETEDCONS, P, PP,NORDREL2, }

&

NELEQUBRYMAP, qy, FLAG2, POSSUBST, LL, L, NE;&sL_
INTEGER ; - jr '
. v

L

. v PROCEDURE SEXREL



* THIS PROCEDURE WILL TAKE THE SET OF ORIGINAL :
* RELATIONS OF THE MODEL, AS INPUT AND SEARCH
* THE QUERY MAPPING FOR THE RELATIONS THAT CAN

* OUTPUT THE SET OF RELATIONS THAT NEED TO BE <

* EXLICITLY STORED.

‘\ .

'**i'k******"*i***t*****.*‘******)
- & N .,

-

M .
A -

PROCEDURE SEXREL ;

VAR

1, J, FLAG : INTEGER ;

BEGIN

FOR I := 1 TO NRELATIONS DO

BEGIN

FLAG := 1 .;

FOR J := 1 TO NELEQUERYMAP DO _ L

IF (ORIGREL(.I.) = MATQUERYMAP(.J,2.)) THEN

FLAG := 0 ; -
N . ‘/_.' ]

IF FLAG = 1 THEN
BEGIN

C s

NEXREL := NEXREL + 1 ;
- BB - = .
‘ &

BE DERIVED THROUGH COHPUTATIONS AND PRODUCE AS

*

*



REL(.NEXREL.) := ORIGREL(.I.)
END -

(% Xk kX & kR * % % k * % % % kX % % % % k *x *k * *k X

*)

4

*

*

*

*

PROCEDURE SHOWOUTP

O —— e e T pru——

.THIS PROCEDURE PRINT TWO CONPONENTS OF THE
ABSTRACT STRUCTURE AS PRODUCED BY THE OTHER
PROCEDURES. THE TWO COMPONENTS ARE THE SET
OF EXPLICITLY STORED RELATIONS AND THE QUERY
MAPPING. IT PRINT THE NUMBER OF EXPLICITLY
STORED RELATIONS FIRST AND THEN THEIR NAMES
AND ‘THEN THE NUMBER OF ELEMENTS IN THE QUERY
MAPPING AND THE QUERY MAPPING.

* & kK kK K *k * x % 'k k k k kX k * %k Kk k kx k¥ & k * % % K

ot
T



PROCEDURE SHOWOUTP
_ , o ‘ -
VAR : '
- ,
I, J : INTEGER ; - '
- - ‘ .
BEGIN )

. WRITELN ; S N &
WRITELN(' THERE ARE .', NEXREL : '3, EXPLICITLY 'STORED
 RELATIONS') ; f " ,

WRITELN ; . . T :

-e

WRITELN(' THESE ARE ')

WRITELN ;

.

o ' .
FOR J:= 1 TO (NEXREL DIV 10) + 1. DO

.BEGIN - ' - S S o
FOR I := 1 TO 10 DO B
IF (1+(J-1)*10) <= NEXREL THEN. _ o
WRITE (' R', REL(.I+ (J71)*10.) : ) -
WRITELN - e T .
END ; - ) ) '
WRITELN: ; i - h
WRITELN ; :
WRITE(' THE QUERY ﬁAPP;NG“IS' ) )
WRITELN ; ST N S
- 90 - ‘ ' 'f
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- FOR I :=-1 TO NELEQUERYMAP DO | o
BEGIN

WRITELN ; ‘

WRITE(' R', mmﬁﬁnmp('.l,z.) :2," = ') ;
FOR J := 3 TO MATQUERYMAP(.I,1.) DO
BEGIN

qn;ggi: R, MA?QﬁﬁRYHAP(.ItJ.) 1 2) ;3
r(\g_:\:j:ggggxutft.1.1.) THEN . .
WRITE(*T .

(*tttttt*tt,r"t*tttt*'ct'ttttt*t*t

* . ) o ) *
[T} ’ . .

* PROCEDURE TIMIMP . : *

' meeme——e—- At ' = - *

® - *

* THIS PROCEDURE TAKES THE SET OF RELATIONS DETERHINED‘ *

* BY THE MINIMAL PERFECT IMPLEMENTATION AS ITS INPUT  *

* AND ADD SOME MORE RELATIONS ACCORDING TO SOME SCHEMA *

* IN ORDER TO REDUCE THE TIME REQUIRED TO ANSWER A *
-9 -



* QUERY. :

® % & * & ¥ ® * & & K"k X * * & & & ® ¥ &

*)

PROCEDURE TIMIMP

VAR
R,NODEBESTPART, BSTPARTI,N,J,I
SETREL ™

OF INTEGER ;

MAT, MATREL

p .
(**ttt‘l‘tttt'tttt*tt'tt
*

- PROCEDURE COUNT
N e

*

* THIS PROCEDURE COUNT TAKES A SUBTRE

* INPUT, EXECUTE A DEPTH FIRST SEARCH

« e NUMBER OF NODES' IN THIS SUBTREE.

*

P

~1
-

INTEGER ;

.

* & ® & & ® ®

ARRAY(.1..90,1.52.)

MATRIX

% * & ® & & * * & =

AND ITS ROOT AS

AND' DETERMINE

-

*



“3

o -

- - LT
A ‘ . o : L L

N ENEIEEEEE EEEEERERIEIRE I B3 TR I 3 2

—

PROCEDURE COUNT (MATX

"MATRIX ;

- N,CHILD,N ; INTEGER; A,
- . VAR WEI  : INTEGER );
VAR : * '
1 : INTEGER ; -
‘ 4
BEGIN
. WEI 1= WEI + 1 ;- ’
POR I := 1.0 N.DO . |
IF (MAT(.CHILD,I.) =1 ) AND { I<>N ) THEN
COUNT (MAT,CHILD,I,N,WEBI) - o 3
END;* . .

.. L o

-(*'*tt't**tt!i'*itt'ltt*tit-*ift

«
R - PROCEDURE PART"
: : ' 1 . .
* . - Y o e e e ———
=
J ’
- 93 -
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* THIS PROCEDURE TAKES A SUBTREE AND ITS ROOT AS . *
* ITS INPUT AND DETERMINES THE PARTITION OF THE .
*  NODES IN THAT SUBTREE. .
.x - ' ' ) ®

FOR J :='1 TO N DO .

* ®& & & & %

-

L L2

MATRIX
INTEGER |

*

INTBGER )

INTEGER

- 94 -
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IF MATX(.ROOT,J.) = 1 THEN ~ | |
NBRNCH :» NBRNCH + 1 ; ~ .'_‘ S
WEIGHT := '0_: ' " ‘ S
COUNT (MATX, ROOT, J , N, WEIGHT) ;

. IP WRIGHT > MAXWEI THEN
MAXWEI := WRIGHT ; <
IP WEIGHT < MINWEI THEN
MINWEI := WEIGHT ; |
SUN := SUM * WEIGHT

IF NBRNCH = 1 THEN

.PAR;PI := WEIGHT
BELSE - . , S | \
IF (MAXWEI - MINWEI ) < ABS(SUM - 2*MAXWEI) THEN
PARTI := MAXWEI-MINWEI |

-

ELSE

" c e , .
PARTI' := ABS(SUMN-2*MAXWEI)
END ;

\’

(ittttttt*tttt‘ttt*ttt‘l*'ttit*tt

* *
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* ., . PROCEDURE BESTPART ; -
®
:
'+ . THIS PROCEDURE TAKES A-TREE AS ITS INPUT AND
+'  SEARCHES ALL ITS NODES TO DETERMINE THE ONE
* WHICH HAS mnss'r PARTITION. A NODE IS THE
' % PARTITION NODE IF THE DIFFERENCE IN THE
*  NUMBER OF NODES OF THE SUBTREES ROOTED AT
% . THAT NODE IS MININOX.

-

r

A e A E N BT E KRR ERREE TR AR RN . n =

x)

PROCEDURE BESTPART (MATX | :
| ROOT, N, FUTHBR :
VAR NBP, BSTPARTI ‘:
VAR .
J, PARTI T
BEGIN

PART(MATX,N,ROOT,PARTI) ;
IF PARTI < BSTPARTI THEN®
| ' - 96 -

MATRIX
INTEGER

INTEGER -

INTEGER

- -e

-



NBP := ROOT .
BND ; ; _
rona--l-ronno S : | -

IF(IIAT!(ROO’I‘J)'I)MID(JOM)W
' BBSTPART(HATIJNRWTNBPBSTPARTI)

b1

'(ttttt‘.tt*.‘iﬁlﬁtttttl't.!t.ttﬁttit

* K . - ' . L e
s PROCEDURE CONNECT . L.
- " “ YU - - - o H . ‘ R
] \ L
*  THIS PROCEDURE TAKES A TREE, A NODE AND ITS =~ *
. FATHER AS ITS INPUT, AND CONNECT IT 70 ALL - *
s+ THE NODES IN THME SUBTREE POR WHICH ITS A ROOT - *
+  EXCEPT THE ONES WHICH ARE ITS DIRECT CHILD. *
. ' |

® & % &'k ® * % R & &k & & & kK K K & * & ® & k¥ & & & &

. - 97 - o



[ 4 ' :. . v * |
" PROCEDURE CONNECT (MATX . : MATRIX
~ PATHER,NODEBESTPARTI ,ROOT  : INTEGER
" VAR MATREL 't MATRIX )
Jg | : INTEGER

. /
BEGIN FOR J:= 1 TO N DO

IP (NATZ(.ROOT,J.) = 1) AND: (3 <> PATHER ) _ THEN
BEGIN - -

MATREL ( .NODEBESTPARTI ,J.) t='1 ;

CONNECT (MATX, ROOT , NCDEBESTPARTI , J , MATREL )

END END ; | s

- L 1]

-

(tttthtt‘tttt-tttt\tt.gt‘ttctt'tttt

* ' ’ I
o * . ' m! 'am °
» _— -

-

* - THE PROCEDURE CHECK rﬂms_z DOMAINS D1 AND D2 AS

.’*  INPUTS, AND DETERMINE WHETHER A RELATION BETWEEN
*  THESE TWO DOMAINS EXISTS AND IF YES DETERMINE
- 98 - -
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-

* _ THAT RELATION OTHERWISE IT mu.mox-r-rom R
* TO THE ORIGINAL SET OF RELATIONS. . | .
* *

B R TR R N ® k ® & & & & & & * ¥ * & % k% & kR RR

*)

PROCEDURE CHECK(D1,D2 : INTEGER ; .
| VAR RELTION : INTEGER ) ;
VAR ¢ < " -@
1 | : INTEGER ; ' |
BEGIN . -
I :=1;

RBL'!‘?JII = 0 H
WHILE ( I <= NRELATIONS ) AND (RELTION = 0 ) Do
BEGIN [
IF (SETREL (.1,1.) = D1 ) AND (SETREL(.1,2.) = D2 ) THEN
RBLTION := I _
ELSE | -0
1P (SETREL(.I,1.) = D2 ) AND (SETREL(.I,2.) = D1 ) THEN
RELTION = -1 b
1 2= 1 +1
.



-

" END ; IP(RELTION & O &m BEGIN -
3

. NRELATTONS:= NRELATIONS |
'SETREL(.NRELATIONS/1.} s= D1 ; . . . .

-8
P

SETREL { . NRELA S,2.) := D2
RELTION := NRELATIONS _ {i; '
END END .; -

A ) v
LRI N R I (,* LI AE IR B BE B BE AN

. | PROCEDURE  UPJOIN -
.: iA S e
o .
» PROCEDURE UPJOIN WORKS nncunsxirnx.. ‘IT TAKES A L
* NODE WITH OF nzsr_mirrinou OF A TREE AND AND _ *
*  CONNECT TO ALL THE NODES IN THE TREE BUT THE .
*+  DONES WHICH ARE. ROT ITS DIRECT CHILD. THEN »
*+ 1T CALLS THE 'UPDAQM' PROCEDURE TO UPDATE .

. THE QUERY MAPPING. |
\t | o . *
*

® % X KK A E AR AR RN ERE R NRE R KRR RN

*)

[

- 100 -
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. PROCEDURE UPJOIN(ROOT,FATHER,NODEBESTPART

VAR

VAR RELAT

. J, NEXTREL, COMPREL

*»

|

(* * = & ® & & & % L B B B N BN R L N

-

- ——————— - ———— - -

PROCEDURE UPDAQM TAKES A RELATION AND CHECKS = = *

o

WHETHER IT IS ALREADY IN THE QUERY MAPPING

AND IP IT IS NOT THEN WILL ADD

IT TOI.T. 'h
R 4 ’ ’

1] .

. ~*

P

* Kk AR R R B REER ta* IR EE SR SR NI TR N B N AL S AR

-+

.
-
-
——
-
-
-




WHILE (1. <= maomme ) AND (PLAG:= 1 ) DO
BEGIN IR
IP (MATQUERMP( 1, 2 ) * COMPREL ) OR
(mmmg{np( ,2.) = - COMPREL) THEN

|  BEGIN . N
FOR J:= I TO mzommpr- 1 DO ;
_ POR'J1 := 1'TO MATQUERYMAP(.J+1,1.) DO |
mmnanmp( J,31.) := MATQUERYMAP(.J+1,J1.) K
. -ugwgmm--s umommp -1;
'NEXREE := NEXREL + 1; °  °
| REL(.NEXREL.) :+ COMPREL , s.
- END :“ R
1 :-"-I. ’+' 1l B h
. POR I := 1 TO NELEQUERYMAP DY ‘ '
“BEGIN ' '
. o | .- 02 -



FLAG := 1 ; ‘ T T

‘<= MATQUERYMAP(.I,1.) - 1 ) AND (FLAG = 1 ) DO

DN SRR = R T

WHILE {
BEGIN o
_IF (MATQUERYMAP(.I,J.) = RELAT ) AND B

(MATQUERYMAP(.I ,J+1.) = NEXTBEL) THEN

BEGIN .
T1 := MATQUERYMAP(.I,J.) ; _ |
MATQUERYMAP(.1,J.) := COMPREL R
ELSE | ,
IF (MATQUERYMAP(.I,J.) = -NEXTREL) AND -

(MATQUERYMAP(.I,J+1.) = -RELAT ) THEN
BEGIN
T1 := MATQUERYMAP(.I,J.) ;
MATQUERYMAP(.1,J.) := -COMPREL

END ; .
1P (( T1 = RELAT) AND . (

‘y (MATQUERYMAP(.I,J+1.)=NEXTREL))
' LC’R\(-(TI = -NEXTREL) _'
AND (MATQUERYMAP{.I,J+1.)= -RELAT)) THEN .

- 103 .-



* BEGIN
® .. IF(MATQUERYMAP(.I,1l.) > J ) THEN _
FOR J1 := J + 1 T0 MATQUERYNAP(.I,1.) - 1 DO
‘ MATQUERYMAP(.I,J1.) t= MATQUERTMAP(.I,J1 + 1 .) ¥
. MATQUERYMAP(.I,1.) := MATQUERYMAP(.I,1.) -1 7
FLAG := 0 T N
-.. . ‘ END : I |
\ CJ =3+ 1
D s
END .
CEND
 .BEGIN. "
FOR J' := 1 TO N DO
IF (MAP(.ROOT,J.) = 1 ) AND (J <> FATHER) THEN \_/ -
" BEGIN S
CHECK (ROOT, J,NEXTREL) ; .
B CHECK (NODEBESTPART,J, COMPREL) ;
"l . uPDAQM ; |
'UPJOIN(J, ROOT, NODEBESTPART , COMPREL ) ’
END ;
- 108 - | -



(2 % 2% 23% & & % * * % & * X X * * X & &£ * K X X X X XN

R * ' B *
0 PROCEDURE ADDREL &
Ca [ R h | l
. * PROCEDURE ADDREL TAKES A TREE AS ITS INPUT - *
o DETERMINES RECURSIVLY THE NODE WITH BEST =~ *
* PARTITION AND CONNECT TO ALL THE NODES OF THE *
* ¢ TREE ROOTED AT THAT NODE. THEN IT ADDS THE o
* ° THE CORREséONDTNG-Rnnggqon TO THE SET OF *
«+  EXPLICI'TLY STORED RELATIONS AFTER IT UPDATE ow
*.  THE QUERY MAPPING. - 7 . . *
. ' | | ; v *

= &

T E R E R R R N I T I I AN

-

*)
PROGﬂﬁg;E ADDREL (R, N | ":INTEGER ;
""" VAR MATX,MATREL  : MATRIX ) ;
VAR
J,NBSP,NODEBESTPARTI , REL : INTEGER ;
. BEGIN

.- 105 - T



NBSP := N+l ;

BESTPART (MATX, R, N,N+1,NODEBESTPARTI ,NBSP) ;
CONNECT (MATX ,N+1 , NODEBESTPARTI , NODEBESTPARTI ,MATREL) ;
FOR J := 1 TO N DO '

IF MATXZ(.NODEBESTPARTI,J.) = 1 THEN

BEGIN
CHECK ( NODEBESTPART,J,REL)
) - ~ . )
UPJOIN(J,NODEBESTPARTI ,NODEBESTPARTI ,REL) ; -

" MATX(.NODEBESTPARTI,J.) := 0

;
MATX(.J,NODEBESTPARTI.) := 0 ;

ADDREL(J,N,MATX,MATREL) -
END END ;

PROCEDURE REPRES ;

(* % % % % & % £ & A’ X X X X X2 X X KA T K X KX XK KR

* . _ A -

* '© PROCEDURE REPRES e
* ' ) _——mEmr T esmmmesmeme— *
* e | "o
* PROCEDURE REPRES TAKES A SET OF DOMAINS AND A SET *

- 106 -



* ‘OF RELATIONS AMONG THEM AND REPRESENT THEM AS
* A BOOLEAN -MATRIX.
* - ‘

* & & & ¥ * & . & k¥ & & &£ X &K X X kX X kK * % * & * & k- %
. :

*)
VAR

BEGIN
FOR I := 1 TO N DO
FOR J 3= 1 TO N DO
BEGIN
!AI(A'T(.I.J.) 2= 0 ;.
MAT(.J,I.) := 0
D
FOR I := 1 TO.N -1 DO
'BEGIN

MAT(.SETREL(.REL(.I.)},1.),SETREL(.REL(.1.),2.).)

(1]
"
e

MAT(.SETREL(.REL(.1.),2.),SETREL(.REL(.1.),1.).) := 1
.END: . .
END.; (* END PROCEDURE REPRES *} .

- 107 -



_BEGIN |
FOR I:= 1 TO NRELATIONS DO - f
* READ(SETREL(.I,1.),SETREL(.I,2.) ) ;
'READ ( N ) ;
REPRES ; ,
'ADDREL(1,N,MAT,MATREL) ;
ﬁRITBLN:
WRITELN ;
WRITELN ; f L .
WRITELN

WRITELN

-

WRITELN

WRITELN

‘-

WRITELN

-e

WRITELN

Lo

WRITE(' THE ABSTRACT STRUCTURE CORRESPONDING TO
REDUNDANT GRAPH IS'); | o
_WRITELN ;  ° D
SHOWOUTP ;
END ; _ | "
BEGIN |
READ (NNRELATIONS , NNCONSTRAINTS ) ;

~ 108 -



|

- NRELATIONS:=NNRELATIONS; = | e
NCONSTRAINTS :=NNCONSTRAINTS; =
-(* READ THE CONSTRAINTS *) ’
_ FOR I :=1 TO NCONSTRAINTS DO o
.

BEGIN
'READ (MATX(.I,1.)) ; |
FOR J:=2 TO MATX(.I,1.) DO
'READ (MATX(.1,3.)) ;
END; |
I:=1; ‘ . ” _
REMNUMOFCONS : =NCONSTRAINTS ;
iNEﬁEQUﬁRYﬁAP s= 03 - '
WHILE REMNUMOFCONS >= 1 DO |
(* FIND OUT IF POSSIBLE TO SUBSTITUTE FOR I *)
BEGIN '
- Je=1;
SUBSTITNUM:=0; PFLAG:=l;
IF NELEQUERYMAP <> O THEN
'WHILE (FLAG <> 0) AND (J <= NELEQUERYMAP) DO
BEGIN
JJ:=3; L .
‘WHILE (FLAG<>0) AND (JJ <= MATQUERYMAP(.J,1.)) DO

- 109 -
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BEGIN - | _
IF (MATE(.1,2.) = 'ylrounn!uap(.a,&d.)) OR
(MATX(.1,2.) = -MATQUERYMAP(.J,JJ.)) THEN
* BEGIN | 3

NORRPOLLRBL'-3,

WHILE (FLAG<>0) AND (NORRFOLLREL <= MATX(.I,1.))
. ‘ .

BEGIN
NORDREL:=3;
WHILE (FLAG <> 0) -AND (NORDREL : <=

MATQUERYMAP(.J,1.)) DO | | .

IF MATX (.1,NORRFOLLREL. ). -

MATQUERYMAP( .J,NORDREL.) THEN

 PLAG:=0 S
ELSE o
NORDREL : =NORDREL+1 ; '

NORRPOLLREL : =NORRFOLLREL+1
op; \
IF FLAG=1 THEN
BEGIN
sunsw:ikuu--snnswanuu+1-
. SUBSTINCONS(. SUBSTITNUM.) := J;

A}

t - 11,0 -



\ .

| 'snxuwosuns(.suﬁsr:ncoms(; SUBSTITNUM.).) &= .
33 - ' - |
- END
BND; .
JJ:=JJ+1
END
BEnt TN 5 |
END ; o : | -
IF FLAG = 1 THEN .
BEGIN |
“ NBLEQUBR!MAP‘:- NELEQUERYMAP + 1 ;
ébg P := 1 TO MATX(.I,1.) DO
‘MATQUERYHAP(.NBLEQUERYHAP,ﬁ.) := MATX(.I,P.) ;
- (% SUBSTITUTE IF posﬁinnz IN THE REST OF THE
CONSTRAINTS
ELSE DELETE THAT CONSTRAINT IF'COHFLICT *)
POSSUBST := REMNUMOFCONS - 1 ;
NN =1 +1; ¢
FLAG2 := 1 -
 WHILE (POSSUBST >= 1) DO ,
BEGIN

IF (MATX(.I,2.) <> MATX (.NN,2.)) AND

L]

- 111 -.



(MNTR(.1,2.) <'-MATX(.NN,2.)) THEN

BEGIN -

. NORRFOLLREL := 3 ; o |
WHILE  (PLAG2<>0)  AND. -A (NORRPOLLREL <=

' MATX(.NN,1.) ) DO

.-

‘ BEGIN o
IF (MATX(.I,2.) = m'rx(._ﬁu-.nomomm'.)) OR
(MATX(.1,2.) = -mn(.ﬁn,nomomm.'))'
| " "BRGIN
NORDREL := 3 ; |
WHILE (FLAG2 <> 0) AND (NORDREL <= MATX,
(.1,1.)) DO ‘ S

BEGIN
NORDREL2 := 3;
 WHILE (PLAG2 <> 0) AND
(NORDREL2 <= MATX(.NN,1.)) DO
BEGIN , o
IF (MATZ(.I,NORDREL. )

~ MATX(.NN,NORDREL2.)) OR

C-112- .



. _ (Narx(.l Nonnnnn ) EER
-umwx( NN, NORDREL2. ) ) Tunn . .

2. . %
g naszn '
nsunuuorcous - nznmunorcons - 1-
IP NCONSTRAINTS > NN THEN |

L FOR P := NN TO NCONSTRAINTS - 1

FOR PP = 1 TO MATX(. p+1 1.) Do
MATZ(.P,PP.) := MATE(.P+1,PP.);
© NCONSTRAINTS := NCONSTRAINTS - 1;
FLAG2 i= 0;
NORRPOLLREL :=. MATX({.NN,1.)
~ END; | |
> | ~ NORDREL2.:= NORDREL2 .1
nonnasL_é--ubnnagL + 1,
-y | )
IF FLAG2 = 1 THEN
BEGIN
'LL := MATX(.NN;1.) - NORRFOLLREL ;

]

IF LL <> 0 THEN

- 113 -



.
S POR'P := 1 TO MATE(.NN,1.) - NORRFOLLREL
PO _"’ e - B '(_ _ ., M o . . .

' MATX(.NN,NORRPOLLREL+MATX(.I,1.)-3 + P
.) | | o
:=MATX( .NN,NORRPOLLREL+P. ) ; _ |
IP MATX(.I,2,) = MATX(.NN,NORRFOLLREL.)

FOR P := 3 TO MATX(.I,1.) DO

e

L]

'MATE(.NN;NORRPOLLREL+P-3.) ~¢ .« .=
MATX(.I,P.) _' 7 o
ELSE . . v
POR P:= 3 TO MATX(.I,1.) DO-
MATZ( . NN, NORRFOLLREL+P-3. )
MATX(.I,MATX(.1,1.)-P+3.); | |
| MATX(.NN,1.) := MATX(.NN,1.) + MATZ(.I,1.)
-3, . : ' | y T :
NORRFOLLREL := MATX(.NN,l.)
o .
END ;
NORRFOLLREL := NORRFOLLREL + 1
END- H -‘
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- 4
 POSSUBST := POSSUBST - 1;
ﬁN:#NN-+1;
;.‘- . . s
. l"‘;f“D | |
<o Tmse
(* DELETE CONSTRAINT OF SAME FIRST MEMBER *)
e BEGIN ] |
. FOR P := NN TO NCONSTRAINTS = 1 DO

" FOR PP := 1 TO MATX(.P+1,1.)-DO
MATX(.P,PP.) := MATX(.P+1,PP.);

g NCONSTRAINTS := NCONSTRAINTS - 1; . - =~ . =

REMNUMOFCONS := REMNUMOFCONS - 1;
POSSUBST := POSSUBST - 1
.~ END t
(*'SUBSTITUTIoﬁ IN THE QUERY MAPPING *)_.
' IF SUBSTITNUM <> 0 THEN
FOR NQ := 1 TO SUBSTITNUM DO
BEGIN

LL := MATQUERYMAP(.SUBSTINCONS(.NQ.),1.)

2115 -



znzﬁrosuns(.SUBSEINCQNS(.NQ.vy):I

-y,

IF LL > 0 THEN
FOR L := 1 TO LL DO
MATQUERYMAP ( . SUBSTINCONS ( .NQ. ),
. * ELEMTOSUBS ( . SUBSTINCONS ( .NQ.).) o+
MATX(.I,1.)+L-3.) '
+=MATQUERYMAP ( . SUBSTINCONS ( .NQ. ),
~ ELEMTOSUBS (. SUBSTINCONS (.NQ.).) +
L.) ; . g | i
.. 1F MATX(.I1,2.) o=
MATQUERYMAP( . SUBSTINCONS ( .NQ. ), B
ELEMTOSUBS ( . SUBSTINCONS (.NQ.).).) THEN
o~ o FOR P:= 3 TO MATX(.1,1.) DO
| MATQUERYMAP ( . SUBSTINCONS ( .NQ. ), ELEMTOSUBS
(.SUBSTINCONS(.NQ.).) + P - 3 .,) :=
MATX(.I,P.)
) 'ELSE e S
‘Fon_Pf:- 3 TO MATx(.I,1:{ DO
MA?QUERYMAP(.sﬁBSTINéons(.NQ;),
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ELEMTOSUBS(.SUBSTINCONS(,NQ;)})1.

. : . :=  MATX(.I,MATR(.I,1,) - P+

MATQUERYMAP({ . SUBSTINCONS( ,NQ.),1.)

MATQUERYMAP( . SUBSTINCONS(.NQ.),1.)
I + MATx(.I,l.) - 3 '

N R REﬂNUMOFCéﬁgx?:/ggﬁNUMOFCONS - 1;

END;
FOR I := 1 TO NRELATIONS DO
BEGIN .
ORIGREL(.I.) :=1 ;
, :EﬁD ;

P ' NEXREL := 0; .
| . SEXREL ; S o
WRITELN

-y

WRITELN

-e

WRITELN
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CORRESPOND' ) ;

AND QUERY');

-

WRITELN ; ' |

WRITELN

-

WRITELN

-e

WRITE(' THE MINIMAL PERFECT IMPLEMENTATION

»

WRITE(' TO THE FOLLOWING SET OF RELATIONS

WRITE( 'MAPPING'); _
WRITELN : \ -
. . M g ﬁ,
SHOWOUTP ;
TIMIMP ;
END.
s





