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ABSTRACT

. -

A grapﬁical model Baged -on an. extension: of
Petri-nets is devgld%ea }and\__implemented as an
interactive system for investigat@ng the following
logical - database qesign probleéms: i) Given a'pet of
data attributes and a set of data constraints described
in terms of data depenAencies, logicaily group these
attributzas into'relation_schemes‘suchlthat they satisrty
the various normal forms. ii) Given a database scheme
yﬁich satisfies a given set of data constraints, test
whether or ﬁot the scﬁeme satisfies other cénstraints.
Like an  ordinary Petri-net, the model has places and

: . . N

transitions. Each place represents an  attribute of the

universe of a database scheme. There are three kinds of

r

"transitions, namely FD=-, MVD- and R-transitions,
representing functional dependencies, multivaluecd
dependencies and relation schemes, respectiéély. A

subset of the R-transitions may represenf a jcin
dependency. In comparison with other existing deels,
our model has the following advantéges: .i)' It can
handle the above-mentioned three kinds of ‘transitions.
ii) It is ' based on a strong mathematical ﬁoundattbn for
handling FD-transitions and R-transitioés. iii)'It has
unique representations for three types of data’

dependencies. iv) It 1s «c¢lear and appealing ‘to

- vij -



_viewers' intuitioq. v) It is easy for computerization.
The interactive graphical systéﬁ consists of three
subsystems: i) The graphic support suﬁsystem which
provides the ‘'user with én-inter;ctive interface. . ii)
The design and test subsysfem which is used to test
implications, to find closure and. to generate third,
fourth gnd- Bgyce-Codd' normal forms. iii) ﬁelp
subsystem which provides explanations to the user. The
graphic system ;2 being expanded to include a subsystem
used as a graphical queixﬂ\langgage for database
manipulation. The main contribution of the thesis is

in the area ongraphical programming rather than in the

algorithmic aspects of relational database design.

- viii - +



Chapter I

INTRODUCTION

is

1.1 PROBLEMS AND MOTIVATION OF THE THESIS

In this thesis, wé. develop a Petri-net-based model and
iﬁplehent an inteéactive graphical system for investigatiﬁg
the following logical database design problems:.i) Given a
se; of data attributes and a set of data constraints
described asu;data dependencies, logically design the
database scheme (i.e:, 1bgica11y'grcup these attributes into
relaéion schemes) sﬁch fhaﬁ the réiéﬁion schemes satisfy the
various normal forms_with respect to these constraints. ii)
Given a database scheme whichfsatisfies'a'given set of data

constraints, test whether or not the scheme satisfies other .

constraints.

,

Investigation of these, problems requires the solution of
some membership or implication-related problems and the
generation of normalized relation schemes by decomposition

or synthesis.

Recent developments in +the following three areas of
database research are the motivations behind the research
. ]

works of this thesis:



i) Graphical representations of data constraints and
relation schemes.
ii) Automation of design processes.

iii) Graphical systems and languages for. datgbase

manipulation and design.

Althqugh mahy graphical methods (see Section 2.3.1 for a
review) are availabie, most of them either do nof pfovide
unigque répreSentations\ or are not suitable ‘for
computérization. An idgal graphical model should be able to
uniquely represent the objects, appeal to the yiewers'
intuition, have regular shapes for the convenience of
implementation, and has a'stroqg‘ﬁathematical foundation fer
the development of solutions to application problems and
derivation of complex properties. For example, Derivation
directed acyclic graphs (DDAG) [MAIE83] have been used for
representing functional dependencies (FD). However, it does
not alwéys uniquély represent a set of FDs. Hypergraphs
IMAIE83 ), for éxample, have been used for the study of
- database schemes for many years. However, they are diffiéult
and complicated to view and draw for ordinary users and very
inconvenient for automation ’because. of their ifregular
shapes. Reéently, JCheung (CHEUBS ) has proposed a
~Petri-net-based model for repre;enting tﬂree different types
of data ‘constraints_ and relational database schemes. The
model has unique representations for data constraints and

powerful mathematical foundation based on Petri-nets and

]



hypergraphs. It is appealing to the user's intuition and

convenient ‘for automation.

Légical design of relational databases has gained a
strong theoretical .fcundapion during the last decade.
Although there *exist ‘a lot of theorétical results and
algorithms, we know of only two computerized systems for
- automating these processes [BJORBS,"CERIéB]. Both-systems
| ;fe. not gréphical and are implemented in the logic
programminé language PROLOG. In this thesis, we only
consider the first one implemented by Bjornstedt. As far as
we know, our system is the first graphical package serving

o

such purposes.

The graphical approach is also gaining momentum in the
research qf programming laﬂguages, though not much has been
done in the areas of database manipulation and design‘
[MATW8S5, TAMABZ, ZHANé3]. Based on our model, a programming
lanquage for manipulaﬁing databases 1is being developed
[CHEUB6 ] . -

-

1.2 SUMMARY OF THE THESIS

This thesis moqifigs, v, implements and expands the
applic;tions of a. graphical model pfOposed_ by Cheung
' [CHEUBé] for the logical design of relational database
schemes. (For details, see Section 3.3). Its main

contribution is in the area of graphical programming rather



than in the algorithmic: aspects of relational database
design. This model appeals visually to the users, has
unique representations, is easy for imp{gmenta;ion, and has "
a- powerful‘ mathematical foundation. Tﬁe' model is an-

vexténsign of Petri-nets.. Like an ordinary Petri-net, it has
- places and transitions. Each place represents an ;ttribute
pf the universe of a database scheme. -There are three kinds
éf'tfansitions: (1) FD-transitibns, denoted by single bars,
are the same as the transitidns of an ordingfy’Petri-net.
They argiuéed to represent functional dependencies. (ii)
MVD-transitions, denoted by double  Dbars, represgn;
multivalued dependencies. (iii) R-t%ansitions, denoted by
sgquares, represent rg;ation schemes:_The undirected edges
emanating from an R-transition are connected to those
attributes of the scheme: it represents. Each figure.
‘containing a | set of ’_reguiaf-shaped R-transiti6ﬁ;) is
equivalent. to an’ irregular-shaped hypergraph, widely-used
fbf databasé studies, Howe§er, the former is much easier
for observation and drawing and henci_for computerization.
A subset or the éntirety of the R-transitions mﬁy‘be used tS

. represent a join dependency defined on the relevant relation

schemes,
N e o

=

This model has been implemented on a Macintosh computer
as a user-friendly graphic system called GLORD. Graphically,
the user can create and modify database schemes and

investigate several logical design problems with respect to
‘e

-~
- 4 -
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a givén set‘of'data constraints: Tp find the closure and
dependency basis of a set of attributes, to . test
implications, ahd to genérate third, fourth and Bo&ce-Codd
normal forms. At the end, the -designer ﬁas a miniméi.set of

data dependencies and a set of relation schemes that

logically satisfy the design objectives.

The modular design of the system'software allows future
‘addition of more types of data  dependencies and. inclusion of
a graphical language for database manipulation and other

Petri-net-based application systems, such as systems for

protocol synthesis, ‘etc.

In the rest of this chapter, we first introduce the
different types of data dependencies and normal forms. We

then briefly describe two common approaches for relational

database design. In Chapter 2, we. present a survey on three

approaches for expressing and testing the design procedures
\ ' ’

and a déscription of the existing tools for such purposes. '

In Chapter 3, an extension to Cheung’'s Petri—net-baégd model
[CﬁEUBG] is introduced and compared with some of the
eXxisting graphicalimodels. Chapters 4 and 5 give_detailed
descriptions of GLORD from a user's point of view and from a
system's point of view, respectively. In éhapter 6, some

examples and concluding remarks are given.



1.3  FUNDAMENTALS OF LOGICAL DESIGN OF RELATIONAL DATABASES

This section introduces two classes of ~constraints,

-
1

nhmél§ data dependencies and normal forms.

A rélation‘scheme R is a finite set of a%tributes‘R = {
Al, A2, 33,....;.}. A se£ of relation schemes formé a
database scheme D. The set of ail attributes forms the
universe of aftributes U of the databq;e scheme. The domain

of possible values of an attribute Ai is denoted by Di.

A tuple of a felétion r is 'a mapﬁing tha@ associatesaal
value with each attribute in R. If S is a subset oé R and t
is 5 tupl2 in r, then t(S) denotes the tuple obtained by
restricting the mapping te S. The prbjection of ¢ o;to S,

denoted by r(S), is the set of all tuples . t(S) with

duplications omitted, where t is in r.

A relation instance r of R is a finite set.of tuples { tl
t2 ,t3 ) .... } with the restrictions that each tj € r,
- tj (A1) € Di. Hereafter, we shall omit the word instance and

simply say 'a relation' if it is clear from the context.

1.3.1“ Data Dependencies

In the following, r alﬁéys representé a relation instarmnce

of a relation scheme R.



Semantic constraints gnverning' the relatiénenips among
the values:pf the attributes of each tuple of r are called
data dependencies. Among the many t}pes of data
dependenc1es, this thesis is concerned with funct;enar,

multlvalued and join dependenc1es They will be explained

later.

Other types of data . dependencies have also: been

investigated in the literature. A list follows.

-

Embedded multivalued dependency (EMVD) studied‘by both

Fagin [FAGI77] and Delobel [DELO78]. .
* Embedded join dependency (EJD) studied by Fagln [FAGI??]
" and Delobel [DELO?B]
*» Implicational dependency FIMD) studied by Fagin [FAGIEBO]}.
. AlgebraiC'dependency (AD) ‘studied by Yannakakis and
Papadimitriou [YANNSO].
* Generalized dependency (GD) stUdied by Beeri and Vardi

[BEER81] and Sadri and Ullman [SADRSO].

*» Template dependency (TD) studied by Sadr1 and Ullman [SADRS82]}.

* Inclusion dependency (ID) studled by Casanova, Fagin and
Papadimitriou [CASAB84].
~

1.3.1.1 ‘Functional Dependencies (FD)

This type of data dependencies is the most common. one.



Definition 1.1. Let X and Y be subsets of R. We say

that r satisfies the "functional depepdency (FDj X ==> Y if
for any two tuples tl and t2 in r, t1l(Y) = t2(Y) whenever

t1(X) = t2(X).

Definition 1.2. Given a set F of EDs, an FD X --> Y is

said to be logically implied by F, denoted as F |= X -~> Y,
bl -
if every relation that satisfies the FDs in F also satisfies

X ==-3> Y.

14

The following well-known Armstrong's inference axioms for
FDs [ARM$§4] are sound and complete for FDs, meaning that
they lead to wvalid FDs only. The} can be used to derive

-

other valid EDs.
°.Axiom 1. Reflexivity: X --> X always holds for any r.

* Axiom 2. Augmentation: If r satisfies X --> Y and 2 is
a ‘subset of R, then r satisfies XZ --> Y.

&

* Axiom 3. Transitivity: If r satisfies both X ==-> Y and

Y --> Z, then r satisfies X --> 2,

-

.
1.3.1.2 Multivalued Dependencies (MVD)

This type of datardependéncies was introduced bﬁ Fagin

[FAGI76) and Zaniolo [ZANI76] independently.



i

Definition 1.3. L;t X and Y be two disjoint subsets of R
and Z = R = (XY). A relation r obeys the MVD X ->-> Y'if for -
any two tuf:les 1 and t2 of r such that ;:1(}{) = t2(X), there
exists a tuple t3 of r satisfying t3(X) =-tl(X), t3(Y) =

tl(Y)'and't3(Z) = t2(2). We say that X multidétermines Y.

The following: G is a set of inference axioms for

multivalued dependencies [MAIES83]:

~* Axiom 1. Reflexivity: Relation r satisfies X ->-> X.

* Axiom 2. Augmentation: If r satisfies X =<>-> Y, then .r

satisfies XZ ->-> Y. : ‘“;i

* Axiom 3. Additivity: If r satisfies X =->-> Y and X

.~>=> 2, then r satisfies X =>=-> YZ.

_ * Axiom 4. Projectivity: If r satisfies ¥ ->-> Y and X

~>=> 2, then r satisfies X ->=> Y 2 and X =><> Y - Z.

* Axiom 5. Transitivity: 1If r satisfies X =>-> Y and'Y

«>=> Z, then r satisfies X ->=> 2 - Y.

* Axiom 6. Pseudotransitivity: If r.satisfiesux ->e> Y
and YW =->-> 2, then r satisfies XW ->-> Z~ YW.

* Axiom 7. Compfementation: If r satisfies X ->-> Y and

-

2 = R- XY, then r satisfies X ->-> 2. -

Two other inference axioms are available when F contains

both EDs and MVDs.



L}

* Axiom 1. Replication: If r satisfies X -=> Y, then-r

satisfies X ->=> Y. '(

» Axiom 2. Coalescencé\\ If r satisfies X ->-> Y and 2 ->

W, where W & Y and Yﬂz = 9’ then r sat:.sfles X => W,

‘Definition 1.4. The closure of a set of attributes X,

denoted by X+, with ‘respect to a given set of FDs, is the

%

set of all attributes ‘of U such that X functionally

determines any subset of X+.

Definition 1.5. Let F be a set -of FDs ana MVDs. The
‘dependency basis of a set of attributés X, denoted by
DEP(X{, is a partition of U intO‘pairwise disjoint subsets
Y1, ¥2,... such that an MVD X ->-> ¥ is implied by F if and

only if Y-X is a Unlon of " some of the Y1 s.

An FD (X --> Y) or MVD (X =>-> ¥) is logically implied by
F if Y is a union of some _Blements in DEP({X). [BEERSO,

GALI82, HAGI79, MAIE8L].

1.3.1.3 Join Dependencies .(JD) °

This type of data dependencies is a generalization- of
multivalued dependencies. In the following, we introduce the
concepts of natural joins, lossless join decomposition and

join dependency.



A

Definition .1.6. The natural join of a set oflrelations
‘rl, x2, ,..2z§ﬁ of relation schemes R1, R2, .... Rﬁ,
respectively,.denoted by rl Klrz-w . w rn, is the relation
satisfying all tuples t over the attribute set R1 U Rz VU

! Rn, such that t(Ri) is in ri for each i.

Definition 1.7. Let R1l, R2, ... Rk be subsets of R. We
say that a relation r‘-satisfies the join dependency JD:

*[R1,R2,..... ,Rk] if r = R1(r) M R2(r) .... M Rk(r).

»

L g

Definition 1.8. Let R be decomposed into subschemes R1,

R2, R3... Rk and F be a set of data dependencies. We say
that the decomposition is a lossless join decomposition
fwith réépect to F) if for every relation r of R satisfying

F satisfies the join dependency *{R1,R2, ... RkK].

" It can be shown that r satisfies a MVD X =->-> Y if it

satisfies *[XY,XZ], where 2 = R - X Y.

1.3.2 Normal Forms (NF) : ‘ LN
A normal form is . some combination of data dependencies

satisfiéd by a special subset of attributes (e.g.,-keys)bof

a relation scheme.



Several normal fofms havé been introduced .in the
literature. Codd orlglnélly deflned the INE_ 2ZNF and BNF
~[cobD72]. All normalized relatlons are in 1§§- ' Some —of the
INF'relations are in 2NF and some ZNF relatzons arelln 3NF.
A fevised versiéh of the 3NF [CdDD?S] is called BCNF.i%&t is
more restrictive than the 3NF. Fagin {FAGI77] also defined

4NF .

*

A database scheme D is said to be in 2NF, 3NF or 4NF if
. . o -
each of its relation schemes is in 2NF, 3NF or 4NF,

respectively.

1.3.2.1 First Normal Forms (1NF) » ¢

R i1s in INF if the values of every attribute A in R'are
atomic. That is, these ‘values are not lists or sets of

values or composite.

1.3.2.2 Second Normal Forms (2NF)

In order to define 2NF we have to introduce the fol;owing

concepts.

A key K is a subset of R having the following ﬁroperty:
if‘Fi ,tjlé r then ti(K) # tj(K), and no proper subset K' of
K has.this property. As there may, be mofe than - one keyffof
- a relation, a key can be designated as the prlmary key The

term candidate key is nsed to denote any minimal - set of

- 12 -

-

. &1'

—_—
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4
attributes that can be a key. A superkey is.any superset of
a key. An attribute is said to be non-key or non-prime if it

does not participate in any key.
;

Definition 1.9. Y is said to be fully depéndent on X if

it is funétionally dependent on X and not” functionaliy

dependent onrn any proper subset of X. The FD X --> & is

-

said to be left-reduced if Y is fully dependent on X. Y is
calied a determinant if some other set "of attributes is

f 4

fully dépendent on.it.

Definition 1.10. R is in 2NF if and only if it is in INF

and every non-key attribute is fully 'depeﬁdent on the

primary key.

1.3.2.3  Third Normal Forms (3NF)

s

Definition 1.1l. Given a subset X of R, an attribute A

in R and a set F of FDs, A is said to be transitively
dependent upon X in R if there is a subset Y of R with X =---

Y, Y —> X and ¥ =~> A under F and 2 ¢ X U Y.

Definition "1.12. R is in 3NF with respect to a set of-

FDs if it is in INF and no non-prime attribute in R 1is

o~

transitively dependent upon a key of R.
- —

Generally, a designer shotild at least aim at 3NF relation

¥

schemes as the goal of a design.

%

"\ -

- 13 ~
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1.3.2.4° - Boyce-Codd Normal Forms (BCNF) e

This new restriction on relation schemes is due to Boyce
and Codd and is hence called BCNF [CODD74]. It is

-

conceptually simpler than 3NF. '

Definition 1.13f$- A set of attributes is called a

determinant if some other set of attributes ' is fully

functionally dependent on it.

-~ -

-—

Definition 1.14. R is in BCNF if and only if every

determinant is a candidate key.
Note that BCNF corisiders not only the primary key but
also all possible keys for a relation scheme.
o - '

1.3.2.5 Fourth Normal Forms (4NF)

Definition 1.15. R is in 4NF if there exists MVD X ->=>

Y, where Y is not empty or a subset of X and X U Y does not
include all the attributes of R, such that X is a superkey

of R. o

It has ‘beeg proven that "any relation scheme can be /j)b
losslessly'aecomposed into an equivalent collection of 4NF
relaéioﬁ schemes. R is'in 4NF with respect to a set F:pf
FDs and MVDs, then R is in BCNF with respect to the set of
FDs implied by F. Hence 4NF can be considered as a

generalization of the BCNF that applies to relation schemes

with multivalued dependencies.

- 14 -



1.3.3 Two Approaches for Database Design

Two approaches have been used for logical design of
database schemes: analysis and synthesis. The former checks
implication-related problems.' The latter involves _the

generation of relation schemes in desired normal forms.
“ - .

.One of the objectives of analysis is ’tb eiiminaté
;edundanéy from a given set of data depeqéencies.' Several
algorithms have been dgveloped for the Ss'olution of'man"y
implication-related‘problems, such as finding the closure
and dependency basis, reducing redundancy f‘d? data
dependencies, and testing the lbgi;al implication ¢of new FDs

and MVDs.

Synthesis is esﬁentially concerned with the £following
problem: Given a univerée of a database schéme and a sef of
~data conétraints, decomposé'the universe U inéo a sef.of
relation 'schemes satisfying various normal forms with
respéct to these data constraints. Seve;al algorithms for

the generation and _recognition of normalized relation

schemes are briefly reviewed in Chapter 2.



Chapter II
- REVIEWS

2.1 INTRODUCTION

o L

" The objective of this thesis is 7ot to develop algorithms
but to develop and automate a graphical mﬁdel. No details
are given about fhe algorithmic aspects. Instead, in Sectidn
2.2, we just briefly mention some of the majo£ é;gorithms
for analyzing.data dependenciés and generating relations' in
normal forms. Section 2.3 reviews in greater details three
approaches for expressing and testing the design problems;
They are the gréph-based approach, the logic-based approacL
and the dqﬁa-structurefbaged approach. Lﬁstly; in Section

2:4, we describe the logic-based database design tool REDI],

the only system we know of for solving similar problems.

2.2 ALGORITHMIC FOUNDATION FOR LOGICAL DATABASE DESIGN

’

Many algorithms have been developed for -the analysis of

data dependencies and for the recognition and generation of

normalized relation schemes.

Problems for analysis are often transformed- into

implication-related problems. The _1attér are solvea by



aigorithms for f;bmputing tﬁg dependency basis of the
" left-hand set of'ﬁ%%ributes of the dependency to be tested.
These  algorithms _differ in = ‘their .- éohputational -
complexities. ‘The best algorithm for the MVD implicatisn
Problem is almost linear in time [GALIBé]. Other
1inear;time'algoritpms for computing'the dépendency basis

are given in [BEER80O] and [MAIE81].

!
There exist several synthesis algorithms in the
litefature[-one for the generation of relation schemes in

3NF [BERN76] and. two decomposition, algorithms [MAIEB3,

ULLM82] for relations in 4NF and BCNE.'"

,Th; computationay complexities of somé algorithms for
testing implication problems for a set -of FDs, MVDs and JDs.
afe reported‘in [MAIEElj. The major result is that testing
whether a JD is logically implied by a sSet of FDs and:JDs ié

an NP-Hard problem [FISH83, MAIES1].

2.3 THREE APPROACHES FOR DEVELOPING DATABASE DESIGN TOOLS

In order to investigate the logical desigﬁ of relational
databases, tools are required for presenting the problems:
and implementing tﬁe algorithTs. These tools can -‘be
classified according to three widely recégnized approaches:
the graph-based'appfo%ch, the logic-based appr;ach and the

data-structu;e~based approach. They are briefiy reviewed in

the following subséctions.



2.3.1 The Graph-based Approach

Several models 'basei .o.n graphs are ihtroduced.--ivn the
literature. They include the graph-theoretic modgl,”linehr
graphs, derivation directed acyclié graphs, hypergraphs,
join graphs and S-diagrams. Our descriptions include their

'structures, applications, developments, advantages and

-- disadvantages. ¥

2.3.1.1 The Graph-theoretic Model

The graph-theoretic model [AUSI83] 'is mainly used for
the representation of functional dependencies by FD-graphsl

q .
An FD-graph G = <V,E> is composed of the following elements:

(i) Simple nodes-represeﬁting iﬁdividual atfributes. (1i)
Compound ﬁodes each representing a set of attributes on the
1eft;héqd side of'the.functional dependencies. (iii) Full
‘arcs joinipg simple necdes or compound nodes to the nodes
representing the attributes "at the right-hand side of . the
functional dependencies. (iv) Dotted arcs joining compound

" nodes to their simple constituent nodes to represent trivial

FDs.

Analysis and manipulation of these FDs are conducted by
graph algorithms for: i) solving the membership and
redundancy elimination problems and ii) finding the closure

and minimal covering of an FD-graph.



-
-~

There are some advantages of this mpdel; First, graph
manipulation can be done by existing known graph algorithms.
Secondly, the implementation does not reguire complex data
structures. The weaknesses are that the nstruction of the
FD-graph 1is not: a s;raightforward' tran;formation (o;'
translation)’ of the set of FDs and its application is
limited to functional dependencies only:

ya

2.3.1.2 The Linear Graph Model -

In this model, functional dependencies are represented by
eight binary relations: dependency, equipotence, dissidence,
‘complétion énd their respective dual relations. All eight -
binéry representations can be expressed .in terms of

‘incidence matrices [NAMBBS].

The deﬁéhdéncy relation <c¢an directly exhibit the

functional dependencies that 'arev‘implied by the given

functional. dependencies. The starting _ peint in its
generation is the construction of an attribute relation.
This relation-is repfesented by a matrix of an order egqual
to the number 6f.all possible subsets of the iniverse of

attributes.

B

This model alsc has its drawbacks. First, with a large
universe, the generation of binary relations using linear
graph algorithms is not practical, especially for the

elimination ©f redundant _dependen;ies. Secohdly,_ these



representative relations have to be stored permaneptly.
Lastly, the application of this model is limited to
functzonal dependenczes only.

2.3.1.3 The Derivation Directed Acyclic Graph (DDAG)

A DDAG is a‘girected graph"y;thout iOOps. Each node is
labeled with an attribute hame; The DDAG is constructed

T

. . -
recursively as described below:

l* Any set oﬁnuagonnected nodes with lapels from the universe

is a DDAG
2+ Let H be a DDAG/that includes nodes vl, v2, ..., vk with
labels Al, A2, ™., Ak and let Al A2 ... Ak ==>C 2 be‘

‘. an FD. Form H' by addlng a node u labeled C and dlrected

jdées (vi,u), (v2.u), ..., (Vk, u) fo H. H' is a DDAG.

3 Nothigg else is a DDAG.

The DDAG is mainly used - for the representation of
functional dépendencies [MAIE83]}. The membership prgglem is-
solved by constructing the F-based DDAG for X --> X+ and
theén testing whether or not those nodes for the attributes

on-the right-hand side exist in the DDAGT

o
- .

. o

One drawback of this model is that consideration of data

: . . ~
' dependencies other than FDs is not trivial. Its major defect
is that interpretation of a DDAG is not unlque E.e., the

same DDAG may represent two dlfferent sets of functlonal

dependencies.

. -f 20 -
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2.3.1.4 Hypergraphs and Join Graphs

A ,hypergraph is a graph-thecretic concept used to
represent.a.database scheme. It is’similar to an_ wrdinary
. undi#ec;ed graph, except that edges are arbitrary\ébnempty

sets of nodes, rather_than just doubletons.

Definition 2.1. A hypergraph His a pair-kN,E), where N

is a set of nodes and E a set of hyperedges (or, briefly,
edgé;) which are nonempty subsets of N, such that every node
in N belongs to at least one edge in E.

' There- is a natural, . correspondence between relational

database schemes and hypergréphé, with each attribute

represented by a node and each relation scheme by an edge.
\ - |
In the following definitions, a database scheme D over U f

is composed of relation schemes R1l, R2, ... and Rp.

Definition 2.2. The complete intersection graph I for.D
is the éoﬁpiete undirected gréph with nodes R1, R2,
Rp. Each edge e = (Ri,Rj) has a label L(e) which is the
'intersection'ﬁi N Rj. An intersection graph for D is any

subgraph of I formed by removing only edges from I.

Definition 2.3. Lét G be an intersection graph for D and

let A€ U. A path—el, ..... ., ek from node Ri to node Rj in

G is called an A-path if A € L(ei) for all k.2 i 2 1.



Definition 2.4. An intersection graph'G'for D is a join
graph if for every paif'of“nodes Ri, Rj in G containing an
attribﬁte A are, connected b} an A-path. A join tree is a

join graph that is a tree.

-

-+

It has been shown that it is a desirable property that
the join graph of a database scheme is a tree [MAIE84].

Database schemes with such a property are called a-acyclic.

The major advantage of this model 1s that it can be used
not only for manipulating dependencies, but also for query
oétimization, acyclicity recognition and determination of
database coverings [pHEUSG; ZHU84]. One disadvantage 1is
that the .hypergraphs become complicated ‘for. viewing for

large databases.

2.3.1.5 S-diagfams

It has been shown [ARORS1] that th MVD and. several
other | typés of data dependencies form a ;lass of
dependencies calléd root-dependency. An S-diééram' is
basically a hypergraph which describes rbot-dependencies.
Each S-diagram., represents an instance of a relation. Four
‘conditions can be ﬁested on an S-d%agram, namely the L-T
condition (loop-tuple)} the C-condition (tompleteness), total
C-condition and partial ' C-condition [ARORSI]. Various
root-deperdencies can be determined by;checking whether the

. : : £ &
diagram satisfies one or a combination of these conditions.

- 22 -



7

The main advantage of this graphlcal_model is that it can
represent. a larger group of data dependenc1es " The main
. dlsadvantage iAs that the complexlty of - the gfaphical

representatlon depends on the usually very large numbper of

relation 1nstances

{

2.3.2 The Logic-based Approach

The  syntactic similarity between formulas in
proposiﬁional logic and data_ dependenéies. in relational
. databases was first poidFed out by.Fagin iFAGI??]. Since

then it has been investigated extensively in the literature.

2.3.2.1 Propositional Logic and Data Dependencies

It can be shown that FDs and MVDs are equivalent': to
formulas in propositional logic [SAGI79]. This equivalence
provides new techniques for proving properties of FDs and
MVDs, and for solving the membership or %mplicat@oh-related
problems., Efficient élgorithms wefe found by Sag;v [SAGIBO]

and Galil [GALIB2].

Equivalence Theorem: Let sig be a data dependency and

SIG be a set of data " dependencies. . There exists an

equivalence between the following two sStatements:

(i) sig is implied by SIG.

(ii)-sig is a logical consequence of SIG.

- 23 -



The syntactical ééuivalence between the formula"Ai and
A2 ... and Aq ==> Bl and B2 and B3 ... and Bp' and a
fﬁncggonal dependency is quite apparent. We can‘applj the
inference rules for funcfi;nal 'dependencies' in order to

obtain inference rules for formulas of the form X ==> Y.

For example, the transivity rule for FD can be expressed

L ‘}

by the following‘logical formula:
If X ==>Y and Y ==>"2, then X ==> 2.

Such résﬁlts for functional dépendencies can be extended

to multivalued dependencies,

Let U be the set of propositional variables. Let X, Y and
Z be sets of propositional variables whose union is U ‘and

‘where- 2 is the complement of X Y in U. The formula X ==> Y +

2 i1s true if either X is false or Y is true or 2 is true. X

==> Y + Z corresponds to X ->-> Y. oo

The above example indicates that any multivalued
dependency is transformable to a formula in propositional’
logic.

The equivﬁlence  between propositional logﬁéhland data
dependencies implies that logic can be used fot sclving
logical database desj problems. It cﬁn also be used for
query optimization and evaluatipn, ensuring data integrity,
.implementing'f%qgical‘ query languageé_ and several othef

o - .

problems.

- 24 -7



N

| A good review of"the‘_relatidnship ’beéween loéic" and
databaéés_is given in [CALﬁ84b]f More details about research
" in this area- can be found in [GALL78, GALLBla, GALLS83,
GALLB@a, JACOB2,VK0WA79, KUNI82, ULLMBS].

x

2.3.2.2 PROLOG. for Database Design

~

The programming Ianguaéé PROLCG provides a convenient
tool for database design. It is “a high 1level,
non-procedural language with a simple Ssyntax. A PROLOG
program consists of two-parts: i) Facts that constitute the
knowledge~base. ii} Rules correspond to logical implications

that manipulate the facts in order to derive other facts.

The facts are guite similar to a particular
répresentation‘ of  relations in a database. Relations
¢orreSpond to functions. A tuple in an instance of a
database corfesponds to a set of atomic -values for a

function in a Horn clause [KOWA79].

The following example shows the rules of a PROLOG program

to find the rcloéure and implication of FDs. In this
program, ":-" and "," stand for Mif" and "and",
respectively.

Example 2.1:

FD(X,Y) :- Fdep(X,¥).
FD(X,Y) :- Closure(X,CL) , InsideList(Y,CL}).

Closure{(X,CL) :- Fdep(X,Y), /
Concatenate(X,Y,2),
RemoveDuplicate(2,U),

- 25 =



Closure(U,CL).
‘Closure(X,CL) :- Fdep(W,Y),

. - InsideList(W,X), B
NOT InsideList(Y,X),
Concatenate(X,Y,2), .
RemoveDuplicate(2Z,U),
Closure(U,CL).

The above rules use facts of the form Fdep({<lhs>, <rhs>)
. where <lhs> and <rhs> are the éttributes on the lef® and
right hand.sides of the EDs, 'respectively A query about
the 1mp11cat10n cf an ED qlven the set of FDsg 1s of the
form: ?- Fd(<lhs>,<rhs>). Finding the closure of a set of
attributes is solved by the query:

‘ , A
?=- Closure(<attributes>,X). :

M f

2.3.3 The Data-structureé-based Approach

-~

In thié apﬁroach data‘dependéﬁcies are represented by a
pafticularly designed and efficient data structure. Several
algorithms are developed for the manipulaiion of the

_repreéentative'~data structures. Their efficiencies and

computational ‘complexities depend on the associated data

structures.

. A typical. data structure for the membershlp algorithm for

functlonal ‘and multlvalued dependenc1es is described in

[HAGIT78].
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2.4 RED1: A LOGIC-BASED SYSTEM FOR DATABASE DESIGN

A

Though thére have been a lot of algorithmic results about
the design problems mentioned above, there seems to exist
only two systems {BJQRB3, CERISQ] whiéh automate the
processes for analysis and syntMesis. In this section, we

present RED1 developed by Bjornstedt.
RED]1 has the follewing objectives: .

a) To assist in the development of a prototype of a

relational databaﬁf.
~

b) To execute gueries and transactions for testing

purposes.

¢) To assist in the data depen&éncy analysis and

normal form tésting.

. -
RED1 is basically. a PROLOG program that consists of:

(i) The PROLOG functions and utilities. These are called

the "rules".

{ii) The PROLOG database or knowledge-base. This is a

set of facts to be manipulated by the rules.
-

!

The facts in RED]1 are:

a) Relations and their attributes.

e.g., likes(person, color), drink(person,liquid).
b} Data Dependencies. . f//l
- 27 -
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e.g., fundep(person,address) or multdep(persén,cdurses). '

c) Integrity constraints.
d) A tuple representing the Universe of attributes.
Universe(person, color, ligquid, address).

] ‘
‘e) Tuples répresenting transactions.

2.4.1 Functional Organizatidn of. RED1

RED1 is functiocnally divided into two parts: the database

management éystem (DBMS) and the constructive part.

i) The Database Management System S

LY

This part allows the database designer. to ‘create. aﬁd
define data types, domains . of data types and attributes,
relations‘on'attributes and finally integrity constraints
on relations. In addition, a query language with procedural
capabilities for query and transaction manipulations is
available. Using these utilities, E;e designer has the ﬁeﬁns
for prototyﬁing a smali relational.database.-

.. N '
ii) The Constructiveg Part
)

| . . -

This part consists 6{ several utility procedures used for
the study of some logiéél design aspects. Functiconal and
multivalued dependencies ére asserted by the operators "-->"

'

and '—>->".l&;The designer can query RED1 about several

. / ' :
implication-related problems, such as finding the closure

- 28 =
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and depeﬁdency basis of a set. of attributes, and testing

_ whether an FD or an MVD is logically implied by an existing

set of data dependencies.

Problems related to decomposition and synthesis of

normalized relation schemes can also be solved by REDl. A
command called "synthesize" produces a set of relation

schemes in 3NF. The designer can test whether a relation

scheme is in 4NF. l : ﬁ ‘

- 29 -
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Chapter III

AN EXTENDED PETRI-NET,HODEL FOR THE

REPRESENTATION OF DATA DEPENDENCIES AND RELATION‘SCHEMES

3.1  INTRODUCTION
.

In this chapter we describe a graphical model for the

representation of relatioh schemes and the data dependencies

imposed on them. This model was recently introduced by.
Cheung [CHEUBS]. It is the backbone of our graphical system
to be described in Chapters 4 and S, Many

membership-related and acyclicity problems can be solved by

simple mathematical computations based on the model.

Iﬁ Section ;.Zf.we introduce some basic definitions of
-ordinary Pgtri-—nets. Sections 3.3 ;nd 3.4 introduce the
representations of functional, multivalued and relation
schemes within the model. In Section 3.5, we state the
advantages 6f our model and coﬁp%re it with other graphical

methods.
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R FUNDAMENTALS OF PETRI-NETS

-

-

Many variations of Petri-nets have .been introduced in the
literature. To describe our model, it is enough‘to'consider
the simplest one, namely the basic Petri-net or simply

called Petri-net [PETE?77].

Definition 3.1. A basic Petri-net (BPN) is a quad;uplel

N(P,T,F,B), where P is a set of places (P # O ) represented

by circles, T is a set of transitions (T # O and PNT

= @},
represented by single bars,
F: P X T -> N, a forward incidence function, where N = {0,1}

and

"B: P X T -> N, a backward incidence function, where N = {0, 1}.

If we order the sets P and T, F and B can each be
represented by an m x n matrix, where m is the number of
places and n the number of transitions. There is an arc

from place pk te transition ti iff F(pk,ti) = 1 and there is

an arc from transition tj tc place pl iff B(pl,tj) = 1.

Definition 3.2. Every place pi € P has a non-negative

number of tokens. The vector M representing the distribution

of tokens is called a marking of the Petri-net. That is, M =

-
(M{(pi)), i=1,2 ...,m, where M(pi) denotes the number of
tokens at place pi.
- N
Definition 3.3. For a given Petri-net and a transition t

€ T, PRE(t) = {p € P / F(p,t) # O } is the set of input

L

- 31 -



S RN

places of transition t and POST(t) = {p €PF / B(p,t) # O} is
the set of output places of transition t.

I

Definition 3.4. Let sig be a sequence of transitions tl

t2 ... tk. sig is called a legal firing sequencé starting

from M if and only if there exists a sequence of markings M

..... M* such that:

The marking M* is said to be reachable from M by firing

sig.

- o
Definition 3.5. A transition t of a Petri~net is enabled

under a given marking M if and only if for every p € PRE(t),
M(p) 2 F(p.t). Firing of a transition t € T is defined by
the transformation of the enabling marking M into another

marking M' such that: ®

PEP, M'(p) =M(p) + (B(p,t) - F(p,t)) sig.

Note that the number of marked places and the number of

tokens after firing may be greater, smaller or the same.

Definition 3.6. The forward marking class is the set of#

. markings reachable from the initial marking M by a legal

firing seguence.



!
:%
"

9

'-:"7'..

3.3  PETRI-NET REPRESENTATION OF FUNCTIONAL DEPENDENCIES

In the following, we describe how a set of EDs can be
unicquely representéd by the transitions of a Petri-net. We

then develop its mathematical foundation.

Rules: for creating an Extended Petri-net for a set ‘of FDs

Let U = {Aj}, for j=1 to g, be ‘the universal set of
-attributes.ghd F = {fj: Xj -=-> ¥j, ¥j €U}, for j=1 to n, be
a set of FDs defined over U. An Extended Petri-net
N{P,T,F,B) can be created as follows:
a) For each attribute Aj € U, create a place called
attribute-place, or simply A-pléce with label Aj.
'b) For each FD fj: Xj —-> Yj in F, create a transition with label

tj, such that PRE(tj) = Xj and POST(tj) = Yj.

Example 3.1: The set of FDs {(fdl: A B --> D E, £d2: A D -->

C} can be-represented'by the following Extended Petri-net:

An A-place p is said to be reachable from an initial
marking M 1if there exists a seguence of firings starting

from M such that p obtains a token,

- 33 -



The EPN model for the representation of FDs is a
modification of the UF-based Petfi-net model originally
pfoposed by Cheung (CHEUBﬁ). In the EPN model, we ‘omitted
the third rule in the construction of the Petgi-net for the

r?presentation of FDs.

Matrix Equation for an Extended Petri-net

For a given Extended Petri-net, two consecutive markings
after firing a transition are related by the following

matrix egquation:
A’ = A + C.u

where
A ='col(al, a2, ..., ag), A' = col(a'l, a'2, ...... ., a'qg),

aj and a'j are the numbers of tokens in the A-place Aj.

C = B(p.t) - F(p,t)

N

. A
if p€ ¥Yj and t = tj for some j

l
[

B(p,t)

-

0O otherwise.

F(p.t) = 1 if for p € Xj and t = tj for some j
0 otherwisg; ' |

and

¥

u = col(tl, t2, ... , tn), ti=1l if it is enabled otherwise

ti=0.
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Correspondence between FDs and Petri-nets

- .

In the theory of functional depegdenciés, an FD is ‘said

to  be “'applicable’ to a relation scheme if it is valid for -

any relation instance of that scheme. One FD can be
"applied' to 'imply' another. These 'applicable’', 'applied'
and 'imply' concepts for FDs have corresponding concepts in

an Extendgd Petri-net, as shown in Table 3-1.

Functional dependency Petri-net

_______________________________________________________ .
a) applicable enabled or firable
b) applied fired
c) F |= X ==> Y : Y is reachable from X by
- CT executing a segquence of .
firings.

Table 3-1. Correspondence between FDs and Petri-nets.

In particular, correspondence c) states that the
implication problem for a set of functional dependéncies F
can be solved as a submarking reachability problem for its

Extended Petri-net.

Algorithms for computing the closure of a set of

attributes and for removing redundancy from a set of FDs

have been developed [CHEUB6]. The details are omitted here’

because, - as mentioned before, it is not the objaétive of

this thesis to develop or to describe algorithms.
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3.4 EXTENDED PETRI-NETS (EPN) FOR THE REPRESENTATIONS OF
MUTLIVALUED DEPENDENCIES AND RELATION .SCHEMES

This section extends the above Petri-net model to include
the representations of multivalued dependencies and relation

schemes.

In this extension, each MVD is represented by an

MVD-transition, denoted by a double bar. The left-hand side

and right-hand side of the MVD {E% represented by the set of

ut places, respectively.

)

input places and fhe-sef cf o
' ' presbat
Ficqure 3-1 shows the EPN-represent

. C D.

Figure 3-1. EPN representation of A B ->-> C D.
rd

Each relation scheme is represented by an R-transition
denoted by a sguare. The- edges emanating from an
R-transition are undirected and <connected to those

attributes of this scheme. The totality of the R-transitiohs

- 36 -
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may be used to represént a join dependency defined on the
database scheme. Figure 3-2 shows the graphic. 'EPN

representation of the JD: jdl{A B, BCD, ADE].

—

- ‘ 14l ‘
. ! -
Figure 3—2.,E;N r&presentation of jdl. I

«
A

Example 3.1.

. 5 . . . . .
Figqure 3-3 shows the EPN representation of the following set

F of FDs, MVDs and JDs:

F = { £dl: A -=> B CDE
' mvdl: B C =>>212aT1
§d1: {(ABCD, CDE, BD I] }.
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Figure 3-3. EPN rebresentation of Example 3:.1.

3.5 COMPARISON WITH OTHER GRAPHICAL MODELS

In this section we present two K examples. The first
compares the EPN model ‘with the defivation directed acyclic
graph (DDAG) and the graph-theoreéic models. The second

compares the EPN mode]l with a hypergraph.

The following criteria Are used in OUr‘Epmpérison: (;)
How simple is ;t to construct the graphic representations
manually? (ii) How clear and appealing to viewers' intuition
are -the represeﬁtationé? (iii) How efficient 'aré the

representations for computer implementation?.
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Example 3.2.

Consider the following set of FDs:.
F=(A -:>FBC,
C - D’ S

FBD =-->H,

BD. ~->E}
Figures'3-4,_3-5 and 3-6_Show the FD~graph, DDAG and EPN

representations of the given FDs, reépéctively.

T ]
r

1

-

b

Figure 3-5. DDAG representation of F in Example 3.2.
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Figure 3-6. EPN representation of F in Example 3.2.

Simplicity of manual construption procedures:

The procedures for the construction of the FD- graph DDAG

and the EPN medels are given in Chapters 2 and 3

It is c¢lear that an EfN repreéentation can be easily
obtained from the'given.set oleDs; whereas. the éonstructien
| of Ehe FD-graph requires more complex steps and that of DDAG
requires an exhaustive‘recursive operation.
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Clarity and appeal to viewers' intuition:

An EPN representation. is clear and uniqﬁé. By
unigueness, we mean that given a set of FDs, we can get only-
" one EPN representation, and from it, we can get the given -
set of FDs (Figure 3-5). By intuition, the viewer can

understand clearly the. relationships of the attributes

within the FDs. In the case of DDAG, the representation of

the given set of FDs 4is not unique. (For instance, one
cannot know if the FD: B --> H E is in thé}given set F or
not). In the case of the FD-graph representation, the user

becomes confused by with the dotted arcs, but the original

set of FDs can be uniquely derived.

Efficiency of computér impleméntation:"

Although the three modéls are all gquite simple for
computer implémentation, their complexities are qgi;e
different. The FD~graph requires'more arcs {(full or dotted)
and nodes. In the case of the DDAG and EPﬁ, the number of
nodeé is limited to the numbef of elements in the universe
of attributes. Therefore, storage space for the graphi¥al

data in data structures-is easier to control.

*a



* Example 3.3.

Consider the database scheme: D= (ABC, AEC, AEF,
EDC). : .

Fy

The hypérgraph and EPN representations are -shown Yin

Figures 3-7 and 3-8, respectively. )

“t

Figure 3-7. Hypergraph representation of D in Example 3.3.
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Figure 3-8. EPN representation of R in Example 3.3.

The procedures _‘for .'manually tonstructing' both .
representations are siﬁblg. Hypérgraphs are difficult and.
coﬁfusing for viewing}gnd arawing.. It is alsc .inefficient
- for automation because of their irregulaf shapes. The EPN
representafion .is . clear and appeals to the viewers'
intuition. Its computérization is easy since it contains
only regular shapes such as c¢ircles, sguares and straight

lines.

-

RN -
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Table 3-2 summarizes the features of'the EPN,

‘-DDAG -and the graph-theoretic representations.

- s e v

hypergraph,

Manual Appeal to intuition Computerization
construction and clarity
, * simple e appeals to viewers' easy to
EPN intuition. implement.
* representation is
X unique,
* simple * difficult to view inconvenient
Hyper- and draw. because of its
graph * representation is irreqular
unique. shapes.
. * complex * confusing to the user. easy to
DDAG (recursive) . implement.
- * representation may"
) not be unique.
L j
Graph-| * complex- * complex and unclear inconvenient
theo~- “ representations for for =
retic & large set of FDs. implementation
* representation is ‘ '
unique., -
Table 3-2. Comparison among EPN, hypergraph, DDAG

and grapgh-theoretic representations.
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Chapter IV

DETAILED DESCRIPTION OF GLORD

(from a user’'s point of view)

4.1  INTRODUCTION

In this chapter we describg in detai{g the - functions o£
our draphic'systém for LOgical. Relationaf database Design
(GLORD) from a user's poinf of view. Section 4.2 explains
how to start ‘GLORD under the MacIntosh microcomputer.
Sections 4.3, 4.4 and 4.5 de;cribe- the functions and
background information of several subsystems of GLORD: the
gréphic supéort subsystem, the subsystem for designing and
testing data deﬁéndencies and normal forms and the HELP
subsfgtem, Section 4.5 compares the. functions of GLORD and
RED1, an existingllegic—ﬁﬁéed system for =imilar purposes.
Descriptiéns of the menus and their entries in the GLOéD

subsystems are given in the user's guide (Appendix A).
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4.2 STARTING GLORD UNDER THE MACINTOSH MICROCOMPUTER

GLORD is an application program of 36 Kbytes to be .
executed- ori an Apple Macintosh microcomputer. A memory of
512 'AKbytes and a dedicated printer az.;e needed. To apply
GLORD, the user should be familiar with the .operations in
the Macintosh environment. The following paragraph describés

how to start GLORD.

Once the digkette containing GLORD and the Macintosh
Pascalfinterpfeter is loaded, the main Macihtoéh system menu
.is displayed and the wuser should first open GLORb by
clicking twice at its ICON. Once GLORD is opened, the user
should select entry GO from Macintosh'Pascal menu RUN., The

welcome message of GLORD is then displayed.

In the following subsections, the menus and entries of
. the three subsystems are listed. Further details about the

operations of the entries are given in Appendix A.

oo

4.3 SUBSYSTEM FOR GRAPHIC SUPPORT

The functions of the graphic support subsystem of GLORD
allow the designer. to graphically create or alter existing

database schemes.

This subsystem has the followihg-menus‘and entries:

* menu DATABASE MODIFICATION:
- ADD ARC
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- ADD FD

- ADD MVD B
- ADD SCHEME
- ADD ATTRIBUTE
- DELETE ARC
e menu UTILITIES: ' ; -

- DISPLAY DATABASE (display the Extended Petri-net
represeﬁtation of the database scheme)

* menu FILE UTILITIES:

- SAVE PICTURE (save the graphic representation in
a file)

* others (refer to Appéndix A for detailed description).

4.4 DESIGN AND TEST SUBSYSTEM

o \
The core of GLORD consists of two menus each having a set

; ’ - ’ ’
of functions for assisting the logical design of relational

databases:

a) menu ANALYSIS:

-

- IMPLICATION (test implication of FD or MVD)
- CLOSURE (compute closure and dependency basis)

- KEY (find or test a key for a relation scheme)
b) menu NORMAL FORMS:
-~ SYNTHESIZE 3NF (generate by synthesis relation schemes in BNE)
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- TEST 3NF (test whether or not a scheme is in 3NF)

- GENERATE BCNF (generate relation schemes in BCNF) |

- TEST 4NF (test whether or not a scheme is in 4NF)

- GENERATE 4NF (generate relation schemes in 4NF)

- TEST ACYCLICITY (Eest if a databgée scheme is alpha-acyclic)

~

4.5 HELP SUBSYSTEM

GLORD provides a help function for each of the menus. A
help message briefly explains the function of an entry ih a
menu and, if applicable, the format of the expected user's
query. 'These help messages are 'stored. in a file called
'MSGS' used by GLORD. Appendix B contains the list.of all

such messages. -

- ab
»

3 .
4.6 COMPARISON OF GLORD AND RED1

In the following, we compare GLORD with RED1 (an existing
tool for solving similar - database design prgblems as
described in Chapter 2) according' to two aspects: user

- interface and scope (domain) of the system's functions.

User Interface:

GLORD offers a user-friendly interface that allows the
- user to create, alter, analyse and test database schemes in
an interactive and graphical énvironment; In a@dition, it

provides utilities for recording the graphics and for
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_offering help messages. In'REDll‘the interface with the
user is ﬁot graphical. RED1 offers an interactive
query/answer interface in which-élﬁeration of thé database °
schemes is déne' separately frém tﬂe design se;;ion. This .

may cause inconvenience to the user. .

- ¢

Scope of Functions:

GLORD solves the basic problems in the logical design of
relaticnal databases, namely the analysis of data
dependencies and generation of hormalized relation schemes.

It accepts FDs, MVDs and JDs.

RED1 automates the logical design processes for
relational - databases. It  also performs some database
.management system ({DBMS) functions such as query

_optimization‘and transacfion manipulations when testing the

databases. However, it accepts only FDs and MVDs.



Table 4-1 summarizes the differenées of the two systems.

. ¢'LORD RED]1
S —— o e e e o e e e e e e o o ————
User * User-friendly and . Query/answer:.non-
Interface graphical. graphical.
Scope of * Accepts FDs, MVDs and s+ Accepts FDs and MVDs
functions - JDs. ~ only.
¢ Tests and geherates alll e+ Performs DBMS
normal forms. functions.
) * Generates normal
J ' forms:
e

e o = - - -

Table 4-1. Comparison between GLORD and REDI.
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Chapter V
DETAILED DESCRIPTION OF GLORD

(from a system's point of view)

5.1  INTRODUCTION

In this chapter we describe the features of GLORD (a

Graphic system for LOgical Relational database Design) from

-

_ the system's point of view. In Section 5.2 GLORD is
described as a subsystem. of a-l;rger systém used for the
&esign and analysis of problems which are formulated in
terms of Petri-nét-based models. in Section_$.3 we describe
the hardware and software requirements and the files used iﬁ

.GLORD. Socme progfamming aspects of GLORD are described in

Section 5.4.

5.2 GLORD: AS A SUBSYSTEM OF A LARGER SYSTEM

—

GLORD is part of a user-friendly graphic system;used for
the aesign and ;nalysis of application problems formulated
By means of Petri-nets such as protécol verification énd
synthesis, database management, etc. GLORD éonsists. of
three subsystems:‘graphic'support, database test and’ design

P

and HELP. The graphic support subsystem may be used in all

applications.
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Figqure 5-1 shows a global view of the interaction of the

graphical subsystem with the other subsystems.

Y

GRAPHICAL

s_uasvsﬁM

GLORD

Figure 5-1. A global view of the subsystems.

.

After creating .a new database scheme a data structure
contalnlng its control information is stored. Some fields of
'the data structure are not used in GLORD, but they may be
rused in other subsystems The reason for having a common
data structure is to share. the same ‘graphic interface among

all Petri-net-based subsystems. Figure 5-2 shows the data

structure.
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-32

32

-32

,.32
-32

32
-32

32
=32

32

Figure 5-2(a).

P '(attributes)

‘o - L e el e :

m (MVDs)

j (schemes):

c {colors)

mxp

mxf

mx j

.o

attribute names

....... Name(~-32,32) e e enea
R FDs, MVDs and R
names
Predicate
Action
Location
Initoken ®

Incoming arc

Outgéing arce

Data structure
information.

ear o me T T T WY A S A EE S SR D S A b S P SN D D e e D iy e vy i Sl WD SR W WD R SR am e we Wb M G WS A e e e

for database control-
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~£

mxf+1

mxm+mxf

mxm-+mxm+1

- 32

Name{1l..32)

h.

Incoming arc Qutgoing arc

names

Relation schemes

.- . w

Sl

o . -

. 1 327 1 32
[~ £41 |
£d2
FD names
LS
mvdl
mvd2
MVb names '
sz

Figure 5-2(b). Data structure for database control

information.

v
¥

Table 5-1 describes the différent fields of the data

structure.

Part (a) of the -table shows their types and

sizes. Part (b) describes their meanings.

\

r
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extrpetrimet =

id
pl fl m! j_I

mxp, mxf, mxm, mxj

name

predicéte, action

t** location
inittoken

end;

Table 5-1(a).

j= fo m, j

mxp, mxf, mxm, mxj
name

. predicate, action

location
inittoken

incoming, outgoing

Table 5-1(b).

incoming, outgoing.
il

record

integer; .
integer; e -
integer;

: array([- -32..32]) of str1ng[16],
.array[=-32..32) of stxlng[32]
_array[=-32..32] | of poingt;
array[-32..32 , 1..4] of integer;
:-array[l:.32J of longint;

A

Types and sizes of the fields of the
data structure.

DESCRIPTTION.

identlfler (lnltiallzed to 1) for use by
other subsystems.

numbgr of attriputes, FDs, MVDs and
relation schemes, respectively.

number of colors in case of colored
Petri-net. (Not used in GLORD).

maximum allowed number of attributes, EDs,
MVDs and JDs in the database, respectively.

array. for storing names of attributes,
. FDs, MVDs and relation scheme;. ’

arrays describing the predicates aﬁd actions
on every type of transitions.
'(Not used by GLORD).

array for storing the location of every
obJect of the database on the screen.

array for storlng the- dlstrlbutlon of tokens
among the places. (Not used by.GLORD).

arrayé for storing the attributes on the
left-hand and right-hand =ides of FDs and
MVDs, espectzvely
A

Meanings of the fi®lds of the data structure.

-
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5.3 _ HARDWARE/SOFTWARE REQUIREMENTS AND FILE ENVIRONMENT

-

GLORD is a Pascal appiiCation program of 36 Kbytes to be
executed on -an Apple MaclIntosh microcomputer. A memory of

~—

512 Kbytés and a dedjcated printer are needed.

A utility program, called_'loadmessagésﬁ, is'developed
along with dLORD and used to generate a message file called
'MSGS'. It contains all help; query and answer messages
generated by GLORD. It should be opene& for use once GLORD

is initiated.

System software required by GLORD includes the MacIntosh
Pascal interpreter, the built-in graphic¢ procedures and

Macpaint.

4

The: files used in GLORD are shown in Figure 5-3 and

described in Table 5-2.

.....

= 56 =



MSGS RECS

-

e
GRAPHICAL SYSTEM

FOR

DB| < p{ LOGICAL DESIGN. orl - : - " PICiv

RELATICONAL DATABASE

{GLORD)
PIC| PICHI
DBl '
L 4
PICHI
- Figure 5-3. Filgs used in GLORD.
FILES DESCRIPTION

. e P e e e an e e e v Y NS T R A e e e e R e e E e R e AR M e e e

.DBI, DBII, ... = Database files, eag¢h containing a
structure describing a database scheme.
Each about 8 Kbytes in size.

MSGS -+ A message file associated with GLORD-
Generated when 'loadmessages' is run.
Each about 32 Kbytes in size-

4
PRINT RES. A hard«copy of user/system interactions,

PICI, PICII,

Stored database graphics. MacPaint can be
used to open, display and print these files.
Each about 7 Kbytes in size.

" Table 5-2. Description of files used in GLORD.
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5.4 DESCRIPTION OF GLORD

Figure 5-4 shows a skeleton pseudb-code of GLORD. The
' main'pfogram of GLORD contains a loop.which.taies different
- acticns in fesponse to the entries selected by the user from
the menus. The procedure "Handle Menu" will call the

appropriate functions or procedures to execute users'

request. = :

The procedures and functions of GLORD are classified into
two groups: one for graphic support and another for database
design. Appendix C contains a more detailed description of

these functions and procedures.
!

Implementation of GLORD réquires_ extensive  use of the
Long Integer_ data type.which is represented by 32 ‘bits.- For
example, a relation scheme or a set of éttributes is
represented by a long integer: a '1l' valﬁe at position 'i'
means that the aftrﬁbute numbered 'i' exists in the relation
scheme. GLORD °~ contains maﬁy utility procedureSA_and
functions for the'manipuiatidn of lists, such |as inclusion,

intersecdtion, union, complementation, bit test and bit set.

With the Long Integer data types, their manipulation becomes

. very easy and flexibif;//—n .



. GRAPHICAL r -
SUBSYSTEM | Graphic suppert functions

\
~

. | List manipulation functions
' DATABASE E)

DESIGN
SUBSYSTEM

I

| Database design and test functions

N

Procedurg_Handle Menu:
case seléctiop of:
1:
2
end Handle Menu;
Main Program:
LOOP
- Handle Menu;

UNTIL exit from GLORD;

Figure 5-4. Skeleton pseudo-code of the GLORD

- 59 -
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Chapter VI

EX*™MPLES AND SOME CONCLUDING REMARXS
& _ ‘
In this chapter we first present three -examples showing
" the application of GLORD to the logical design of relaticnal

databases. Th'n, we make some concluBing remarks.

. 6.1 EXAMPLES

Example 6.1

R ‘
Consider the Suppliers and Parts database scheme from

. < )
Date's well-known book [DATE85]. The universe of attributes

is:

U = { »num, pname, snum, sname, gty, status, city, weight, cclor}.

The set of data dependencies is:

F={ snum -=-> sname status city,
sname --> snum status city,
pnum --> c¢ity pname weight color,

snum pnum =--> gty }

After using the appropriate entries of the menu. DATABASE
MODIFICATION, a file containing the structure describing the

EPN representation is saved. Figure 6-1 shows the EPN

representation of Example 6.1. It is displayed by using the

entry DISPLAY DATABASE of the menu UTILITIES.

EY - 60 -



r—
UTILITIES AMALYSIS NORMAL FORMS DATABASE MODIFICATION FILE UTILITIES

coalogp,

welghs Irang

Figure 6-1. EPN representation_of database in Example 6.1L.

Following is the printed record of an analysis session.

The name of <the database, the universe .and the data

dependencies are printed by using entry PRINT DATABASE of

the menu UTILITIES. Then all analysis queries (entered

graphically) and their answers are printed. A graphical

result of one query is also shown.
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» .

GIVEN : The database We_design and test is: DBASE:EX1
The universe of attributes of this database is:
snum sname status city pnum pname weight color gty

The data dependencies are:

£fdl : snum =-=-> sname status city

fd2 : sname --> snum status city , . .
fd3 : pnum =--> city pname weight color )

fd4 : snum pnum --> gty

-———------—-—-----—---—-——----—--—-------—-—---—---—---——.———---—---

-—--—-----—-n-—-—-——----—------—---—----——-—--q—-----ﬂ----.-.—-——-—-----

Testlng whether the following data dependency is logically implied:
snum --> pnum :

Answer >

Not Logically implied.

Testing whether the following data dependency is loglcally implied:
snum =-=-> sname

Answer >

Logically implied. i

........... o e e e e o ————————————————— =
Testing whether the following data dependency is logically implied:
snum =->=> pnum,pname,color,gty,weight

Answer >

Logically implied

- The closure of the follow1ng set of attributes: ‘

snum

Answer >

snum sname status city

The dependency basis of the follow1ng set of att ributes

snum .

Answver >

> snum

> sname

> status . -
> city ‘

> pnum pname welght color qty

-—-—-----u.———--—-----c—.—-———--—--——-—---_---——-m----———----—--———-—--



'.Figu;e 6-2_shbws the result of the above query. Elements
belongfng to fhe same subset of the dependency basis of

'snum’ are marked with the same label 'Si'.

r .
UTILITIES ANALYSIS NORMAL FORMS DATABASE MODIFICATION FILE UTILITIES

Fa
(&)
v

weight onam

tn
=]
0

.

Figure 6-2. Graphical result displayed on the screen.



" The closure of the followlng set of attrlbutes.
pnum
Answer >
city pnum pname weight zolor
The dependency basis of the following set of attributes:
pnum -
Answer >
> pnium
city
pname

. color’
snum sname status gtyor gty

>
>
> weight
>
>

Testing whether (snum shame) is a key of the set of attributes
( snum, sname, status,city, qty)

No,

it is not.

The Key of the relation scheme:

snum, sname, status,city

Answer >
snum

The Kej of the relation scheme:

snum, pnum, gty, color

Answer >

N s D S e TR SR MR SN R e e e S W S G L L R SR N AP N N M N A S S e e e S i W S R R G W N WD W S AR EE M e

The Key of the relation scheme:
snunm, sname, pnum, pname, color gty,weight, c1ty,status
Answer >

snum pnum

The closure of the following set of attributes:
snum,pnum
Answer > . :
snum sname status city pnum pname weight color qty

The dependency basis of the following set of attributes:.

snum, prium
Answer >

>

vVVVVVVYYV

snum
pnum
sname
status
city
pname
weight
color

qty



Following is a record of the normal forms generation and

acyélicity test for example 6.1.

A S G m D D R R T W S e e WS G S S S S W e Gn Gm G G W Em SR e EE e N W W

D A D D D S s A S SR R S R S T W A M AP T G Y SR SR e A S SR WD WD L L G e e S e WA - ey

snum sname status city
city pnum pname weight color
snum ‘pnum gty

D D R S S wn G G R AR D SR S N MR SR D SN R D SR D SR SR D ED s e e T ED e M e W EE M M MR M AR AR e e o el e W e W We e e Em

W W R e e bl e e e b D A A e W D R S Sm ES S L e e Ee G SR R R A T W mm e W WP Y W A G AN A

pnum pname
pnum weight
snoum pnum gty
pnum color

Testing whether the follow1ng scheme is in @NF.

snum, sname, status,city —

Yes it is.

Testing whether the following scheme is in”4NF.

pnum,color,qty

No it is neot.

Testing whether the following scheme 13 in 4NF.

pnum, pname, color,weight, gty
Ne it is not.

D e S D R D S e ST W D N WE SR D D R WD D MR WS M e M e e e S N L e el ey S S My e MmN M AR b AN S R A de mm ok der b em g mie O



*wkkw* ACYCLICITY OF DATABASE SCHEME **#%x%%

—eee———— T

The database scheme is:
snum, sname, status
sname, status,city
status,city, pnum

The database scheme is"a~acyclic. Graham reduction succeeded.

" The database scheme is: .
snum, sname, status
i* sname, status,city
status, pnum
" city,pnum

The database scheme is a-cyclic. Graham reduction failed.
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. Example 6.2 b

e .

Consider a 'relational database having a universe of

atributes U and™a set of data dependencies F.

U

{a, b, c, d} ‘

Iz
]

{ 4 ==> bt
d -=-> ¢,

(ab, be, dc) }.

After querying GLORD about some analysis problems, we
added a multivalued dependency to Fq‘Fiéure 6-3 shows the

EPN repfesentetion after adding the MVD.

TP U GLORD DESAGN SESSION =rmembmmcceaoaoo feeenmcaae-

----—--——------------------ ----—-—————--—-p---------——-----—————-

Given : The database we destign and test is: DBASE: EX2

S ek e e e ey e I D R N D SN D S S ST WD SN N W S L SR M R e el e e e e e e SR WP T N M ST TE ML W W SR A TR N e e

The universe of attributes of this database is:
abcd

-
ik B R R R R R R R kT S ——

The data dependencies are:

£l : a --> b : : . . '
fd2 : d «=> ¢ '
sl : ( a b ., bec , cd)

Rl R e ke kS —

G S R D A D G D D D S D D D D D D WD SR G G SN A SR R M IR N S ke W e e e ek e e G e A A W e G

Testlng whether ‘the following data dependency is loglcally lmplled:
a =>=> ¢

Answer >> ///F

Not logically implied. —

r
Testlng whether the following data dependency is logically implied:
a =>=>d

_ Answer >>
_Not loglcally implied. i Y
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"The closure cof the following set of attributes:

. a -

€W

Answver >>
[ R S e I
The dependency basis of the following set of attributes:

a . ..
Answer >>

abgc.d

The data dependenczes ars:
fdl : a ==> b
fd2 : d ==> ¢
myd : a =>=> ¢ .
51 : (ab,bc,cd)

3OO0

8

o . ' i . | | - : . ]

Figure 6-3. EPN representation of Example 6.2.
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The Closure of the follow1ng set of attrlbutes
a

Answer >>

abec

The dependency ba515 of the followlng set of att rlbutes

‘a
Answer >>

oA I o

O W

"Following is a record of the normal forms generatlon'and
- acyclicity test. The MVD added in the analyszs session 1is

excLudFd from the database. ' '

ST D b D i S G R W R SR S TR P R W N WS WD WD N D D e b W W SR Em e M eE WS ok A E w e

The database scheme is:
sl :- (a b, bec, cd)

——— " - e W am e wr oW W

The database scheme is alpha~acycllc. Graham reducticn succeeded.

Testing. whether the follow1ng scheme is .in 4NE:

a,b, ’
No, it is not. ‘

-y W A L D e A D SE e e e e S e e am e e L S ——

****** Generated 4NF relation schemes w*w*x=*

e B K R R R R R R R N RN ekl e ke ——

D R W R - e Gy S e s T D R A R R D M G R AR W EE AR et b ek e w e e e
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Example 6.3

Consider the following database:
U={abecde}

('(ab*’,‘cd,bce),

y
]

{“ {ab, ac, ade)}

¥ ! ;
Following is the printed record of an analysis, normal
forms generation and acyclicity test session. An FD was

added to F in the middie'of the session. .

....................................... ‘f;----—------_---h-;-----
oM .
w

" Given : The database we design and test % DRASE:EX3

The universe of attributes of this database is:

abcde

The ‘data dependencies are:- -
s ({ab, bce,'cd)

52 (ab, ac, ade).

--—--————--—-----—-———-—a—-----—---——--u——-----—----—-——-------—-—--

_---&———-—-------————-.---——-——————--—-——--—--—-——-——p—---u-———-----

The. dependency basis of the following set of éktrlbutes
b . '
Answer >>

mﬂﬂﬂlb'

7‘?4” : -.;;70 -
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Testing whether the following data dépendency is logzcally 1mpl;ed
b =->=> a ¢

Answer >>

Logically implied.

. Testing whether: a b d is a key of abcde

Neo, it is not.

abcde _ , .

----------—--------—------------------‘------‘—----—-—--—ﬂ--—-ﬂ---

€d1 a ==> ¢ N
sl {ab, bce, cd)
s2 (ab, ac, ade).
The closure of'the fellowing set of attributes:
b
Answer >>
b c

D DS I AL E D S S L R P O AT SR D WD D R G S RS S G W D P SR M ek S SR e W W W A A ek el R e ml b Sl G WD GE G A e S

The dependency basis of the following set of attributes:
b
Answer >>

The closure of the following set of ateributes:
gnéwef >>

4 ¢

,55;;'5;;;;;;;;Q-BQQZ;';E'E;'ESII;;I-Z;-;;?;E';E'ZZQLE;; """"""
:nswer >>

® Ujarwm
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*%#xxwE*N**% NORMAL FORMS AND ACYCLICITY TEST wkwwss*

s s ot Y P P P Em Gm e e S S D WP R ST SR SR D W AR SR AL wb e et e

*****% GENERATED  4NF, relation schemes Kok k

Testing dhether the follow1ng scheme is in 4NFE:
b,c,e )
Yes, it is.

Testing ‘whether the following scheme is in 4NF
a,b,c
No, its is not.

*kkxkkd ACYCLICITY OF DATABASE SCHEME * % %kdkx

------------------------------------------- Y o - -

The database scheme is:
sl : (ab, bce, ¢ d\)

The database scheme is alpha-acyclic. Graham reduction succeeded.

The database scheme is:
sl : (ab,bce, cd)

The database scheme is alpha-acyclic. Graham reduction succeeded.

T R e e e e e S A ED L D R S s N ) s e S S WS W G M M D G S SRR A T D WD AN S A R ED ED e AN e S W WD W SN A

L L Sl e s ) S R S e e em D SR D e e e R D D N R D SR A S D R S S el n S D e TP T W SN WD W R S b SRk mm ke em e W WS A
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6.1 SUMMARY AND CONCLUSION

4 .

mainly concerned wit@';he following. problems: (i)' Given a
éet of attributes and a set of data constraints, form the
database schemes so that they ' satisfy the various normal

forms with respect to these constraints. (ii) G,ivenaK a

-

database scheme and a set of data dependéncies, test whether

the scheme satisfies other constraints or not. The former

Y

problem requires the generation, by decomposition or

synthesis, of normalized' relation schemeé._ The latter

requires the solution of the membership  or
implication-related problems.

We have introduced a graphical model by‘exﬁending the
ordinary Petri-net. In comparison. with other existing
-modelé, qur model has the following. advantages: (i) It can
handle ﬁhree kinds of trénsitiogs,' namely FD-, MVD- and
R-®ransitions’ fér the répreséntation of 'FDST vas apé
re;gtion schemes, respectively. (1i) It 1is ba;ed on a

M3

strong mathematical foundation for handling FD-transitions

and R-transitions. {(iii) It has unique representations for
three types of data dependencies. (iv) It is. clear and
appealing to viewers' intuition. {(v) It is easy for

computerization. THese advantages ensure that this model is

superior to the other existing models. .
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An interactive graphic system GLO?D_based oﬁ th%s mog;i.
has been implemented. It consists of three subsystems: i)
The graphic support subsystem providing the interactive user
intérface. ii) Design and test _subsystem.. iii) Hélp
subsystem providing help messages for the user. Cne

limitation of GLORD is that it can accept a maximum of 32

attributes in a universe.

One technical difficulty encountered while developing
GLORD wis due to the fact ~that the Macintosh Pascal

interpreter does not accept large programs.

Qur experience with GLORD demonstrates its capability to
test and design relational databases in a wuser-friendly

graphical environment..

A related area for investiéatiqn is'the'developMEnt of
graphical query langudges for database manipulation. 1In
fact, our graphical system is being expanded to include such

-
a language under another project.



Appendix A
k,_\_ A USER'S GUIDE TO GLORD

A.1 _INTRODUCTION

The Graphic system for LOgical Relational database Design
(GLORD) is a menu-driven graphic system for testing the
logical design of relational . databases. This appendix
describes GLORD at the operational level. Section A.2:*
explains how to enter GLORD. Section A.3 . describes the
functions of GLORD. Section A.4 explains how to quit from
GLORD. ' ’

J O

A.2  ENTERING GLORD

-

- To enter GLORD, we firs® have to open the GLORD program
by selecting entry OPEN from the Macintosh Pascal menu. We
then select entry GO from the menu RUN. GLORD program will
then be compiled and a welcome message appears on . the
screen. (Figqure A-1). : : :

-

The system will then'prompt for the name of the database
you want to work on. You.may select an existing database (if
any) or start with a new one by c¢licking CANCEL (Figure
A=-2}. : I

If an existing databasi is selected, GLORD’diaplays its
menu headings. You may elect any entry from any menu

heading.s ( ~

If a new database is started, GLORD displays all E}nu
headings. In order to start building it, vyou should select
DISPLAY DATABASE from menu UTILITIES. A blank screen with
the menu headings is displayed, and the system is ready now
to accept any selection from menu DATABASE MODIFICATION.
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WELCOME TO G LORD

UTILITIES ANALYSIS NORMAL FORMS DATABASE MODIFICATION FILE UTILITIES-

4

- Figure A-1. Welcome message of GLORD.

g /
—

:ﬂTLITIES ANALYSIS NORMAL PORMS DAT;hASE MODIFICATION PILE:UTILITIES

Py
-

A

Databasel )
"{Databasael
Databasel)

ricll
Piel2

! . PicITl . . .
.—.-.—_‘—-_. .

- “
Figure Ay2. Selection of a database.
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A.3 FUNCTIONS, USER/SYSTEM INTERACTIONS AND MESSAGES

This section describes the user/system interaction (if
any) and associated help message for ~each entry of the
menus. The help message for an entry will appear on the.
screen if the entry HELP is selected. Figure A-3 shows the
initial screen when GLORD is started. )

SRS

\
(— ‘
UTILITIES ANALYSIS NORMAL FORMS DATABASE MODIFICATION FILE UTILITIES

-

tOLO

'&

—
v
&

\_

&



A.3.1 Menu heading: UTILITIES -

Menu entries:

. DISPLAY DATABASE

1

2. CLEAR

3. PRINT DATABASE

4. ‘NAME J . SR -,

5. QUIT . , ) . . . ¥
N 6 - HELP \—/ l . :-‘.:‘. -

r
| o

| * DISPLAY DATABASE
| _

L

| S

'I‘he EPN representation of the database currently under
tegt is displayed. This includes .the names of all the
attributes and data dependencies.

-

No query or answer is expected from the system.
Help méssage Help on DISPLAY 5ATABASE. Display the database under

test. The EPN representation of attributes and data
dependencies will be displayed.

; : - !

, _ i - |

e CLEAR . : i‘!; . |
l _ _ . ]

L

F———1

The screen will be cleared. Thls ‘entry is usually
selected when the screen contains used data and when a new
database ls to be created y , e

-

- No guery or answer is expected Q'om the system.

'Helﬁ'messsbeé Help on CLEAR. Screen is cleared.

~

el



* PRINT DATABASE

"

L

—— s et ey

el

This selection will causé all the current information
- about the database (data dependencies and attributes) to be
printed. . )

The system will respond as follows:

- - ———----------------------———--———————------.n—-n

LR R K R R R X R R R R Y e it e ko kLT e ———

The data dependencies are:
£dl: X --> ¥

D R ek el S U D G R S G S SR G Em I SR D I G W M Y Y SR R W e W R R R W W WS S S S b s e e e

where A,'B, C, ... can be the names of the attributes and .
X, Y are lists of the names of attributes.

Help message: Help on PRINT DATABA%E. Print the database under test.
The universe and the data dependencies will be printed.

* NAME

f
l

.
L

;;Eé‘selection permits the user to name any newly created
data dependency or attribute in the EPN representation of a
databgse. It can also be used to rename an .existing data
depen encies or attrlbute T~

i

- After select;ng NAME, the user should click .

-at the regquired element to name {or rename). The system
will prompt: ' "ENTER NAME ' .

The system expects a string of 16 characters maximuth.

Help message: Help on NAME. To name or rename an ED-type, an MVD-type
- , a JD=-type of transitions or an attribute in the

database under test. - ; o //)J

: - 79 = - ' | g =
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[

At fhe .end of a design session, the user can choose the
entry QUIT. The user will be asked if he wants to save the.
modlflcatlons and test a new database. o —t

* * First, the system will prompt:

Do you want to save the database changes (if any) ? (y/n)
Then it prompté- '

De you want to qult the system ? (y/n)

-

Help message: Help on QUIT. To quit the database under -tesi,
switch to another database or leave the systemn.

X,

(’\-_/* - : Y

* "HELP

|
y
’L

e

Thls entry is’' selected when the user needs information
about "the function performed by an entry in the menu
UTILITIES. A help message for a particular entry {function)
will be displayed. 4, . ,

Help message: To get detalled information for each of the entrles
in the menu UTILITIES please enter: 1,2,3,4 or 5.

- \

A73.2  Menu heading: ANALYSIS

f Manu ehtries:

IMPLICATION - ' ~ e

1.
. 2. CLOSURE LAy
g 3. KEY o , S
4. HELP '
\
. - e
- .80 &
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* ITMPLICATION

In the analysis aspect of a logical design, this problem
is known as- the '"membership" or "logical implication™
problem. Given the set DG (data constraints) containing the

FDs, MVDs and JDs, we should be able to test whether an FD
.0r an MVD i ﬁoglcarly implied by DC. This test is denoted
by: DC |= FD\er = MVD. In practice, the implementation
of the system does not allow th est ~ join dependencies:
?\ |= JD. This test has been ven to be NP-Hard.

. o L S e

The system expects the user to enter graphically a data
dependency using the fouse,. If an FD “(or MVD) is to 'be
tested, the user should click at the places representing the
attributes at the left-hand side, c¢lick at =--> (or =-»>->) on
the left ‘margin - of the screen, click at the places:

representing the attributes at the right- handlgide and then

cllck at EQS.

The system responds by either 'yes' or 'no' on both the

" screen and the printer:

Help message: Help on IMPLICATION. Test if an EFD or an MVD is

logically implied by given ddta dependencies.

* CLOSURE - ~

Co—="

"The\_s iectlon. CLOSURE wlll perform the computation of
both the clpsure and the dependency basis of a set of
attributes. o ,

that. are solved 'in this system.. - The dependency basis of "a
set of attributes allows us test the membership problem
for MVDs and to develop relation- schemes satisfying the
fourth. normal form

The CLOSURE:flndlng proble% is one of the basic problems
o

-

The 'eystem expects the user to click at the places
'epresentlng e given set of attributes and then click at
EOS. A
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GLORD- displays the EPN representation. The places
belonging to the same subset of the dependency ‘basis are
marked with the same index 'Si', i= 1,2, ... .

The printed results are:

¢

The closure of the following set of attributes:

ABCD
Answer > ‘ . —~
ABCDEGH ...
The dependency basis is:
*  Answer >> ,
p& ' V v
B , SRS
cCD ) .

b

Help message: Help on CLOSURE. To find the closure and the. dependency
basis of a set of attributes. Attributes are -entered by
clicking at the attributes and then clicking at EOS.

.

| S ——

{

| = KEY ' : _— ,
K :

L

5
. ’ - ) + . % )
This selection finds either the key of a given set of
attributes or it tests if a given set of attributes is a key :
0of another set of attributes. '

]

2

L

If the user wants to' test whether®a set of attributes K
1s a key. for another set of attributes S, the system expects
nim/her to click at the places representing S, click at KEY,
click at the places representing K, then click at EOS.

The answer expected from the system is either 'VES' or 'NO'
next to KEY. The printed result is: (e.g.) '

Testing whether (A,C) is a key of the scheme _
(A,B,C,D,E T - -
Answer > Yes, {or No.)
[£ the user wants to, find a xey for a set of attributes,

e
the system- expects him/her to click at the: " places
fepresenting the attributes, then click at EOS.




LAl

e

The attributes of _he key will be labeled with k. The
printed result is: , ‘

- (8

A key for the following set of atributes: ......

‘Help message: Help on KEY. Test whether a set of attributes is
-3* key of another set of attributes cor find a key
for a relation scheme (a set of attributes)

¢« HELP N -

————

AL

This entry is selected when the user needs- :nformation
about the function performed by anrn entry in the menu
ANALYSIS. '

- A A g t o
A help message for a particular entry (functigr 11l be
displavyed. d

L]

Help message: To get detailed iXformation for ehch of the entries
' in the menu ANALYSIS, please enter: 1,2 or 3.

L3

AL3.3 Menu heading: NORMAL FORMS

Menu entries:

SYNTHESTZE~3NF &
TEST 3NF : .
GENERATE SCNF g . . :

GENERATE 4NF - .
TEST 4NF . :
TEST ACYCLICITY

o-T"LD

Py

B

O U W R

. " 4 ' ./
Entries TEST 3NF ang TEST "4NF can accept inpuz eizheb
graphically or 'manually. ) . ;



;
|
| + SYNTHESIZE 3NF
g
L

e ——— e =

This selection will generate, Dby synthesis, relation
schemes in third normal form.

The system will print all the syntlesized schemes which
are in third normal -form: -

iy R T R S G e S G m S S e W o o SRS S SR =

Help message: Eelp on SYNTHESIZE 3NE. To synthesize relation schemes
in third normal form.

» TEST 3NF

r s |

e—— ——

This selection will test whether a given relation scheme
is in third normal form.

. The system will prompt for a relation scheme and expects
a sequence of attributes separated by commas.

Enter relation scheme:

The answer will be either 'Yes, it is' or '"No, it is not'.

Graphical input:

The system expects the user to click at all places
representing the attributes of the scheme to test and then
click at EOS. ©

Help message: Help on TEST 3NF. To test whether a %iven relaticon
' scheme is in third normal form. :

- 84 -



* GENERATE BCNF

ey

This selection will generate relation schemes 1in
Boyce-Codd normal form. A decomposition algorithm is used
to decompose the Universe into relation schemes’ in

Boyce-Codd normal form.

The output of the system is:

- i e e e S Gk b M N AR S S W N M ) P e

Help message: Heip on GENERATE BCNE. To generate relation schemes
in Boyce-Codd ncormal form.

e — —

« GENERATE 4NF

- —d

-

This selection will decompose the universe of attributes
into relation schemes in fourth normal form.

The system will print all the relation schemes.

—— A R EE MR R o mm mm v e e ek AP SR A AN S W Em WS e e e YR S S s e s s e

Help message: Help on GENERATE 4NE.’ To generate relation schemes
' in Fourth normal form: 'V



e ——

‘
|

| ¢ TEST 4NF
| :

L

o

This selection tests whether -a given relation scheme is
in fourth normal form.

" The system will prompt for a gelation scheme and expects
a sequence of attributes separati%t?y commas.

Enter relation scheme:
==>>
+

The answer will be either 'Yes, it is' or 'Mo, it is not'

Graphical input:

The system expects the user to click at all’ plates
representing the attributes of the scheme to test and then

click at EOS. N

Help message: Help on TEST 4NE. To test whether a given relatlon
scheme 1s in fourth normal form.

v '\

« TEST ACYCLICITY . | J

_——— ——

[ i |

-

This selection will test whether a given database scheme
is alpha-acyclic or not. :

The system will prompt £for relation schemes until a
period '.' is entered.

The database scheme is: .......
The answer will be one of the following: s
The database schemé is alpha-acyclic. Graham reduction succeeded.

or The database scheme 1is alpha-cyclic. Graham reduction failed.

Help message: Help on TEST ACYCLICITY. Test whether the given
database scheme is a-acyclic. The Graham reduction

algorithm 1§ used.: )
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* HELP

~——
e
R
.

;2.5
1

This entry is selected when the user needs information
about the function performed by an entry in the menu NORMAL
FORM. A help message for a’ particular entry (function) will
be displayed. ‘

Help message: ‘To get detailed information for each of the entries
in the menu NORMAL FORMS, please enter 1,2,3,4,5 or 6.

A.3.4 Menu heading: DATABASE MODIFICATION

Menu entries:

1. ADD ARC
. 2. ADD FD
3. ADD MVD

4. ADD SCHEME

" 5. ADD ATTRIBUTE
6. DELETE ARC
7. HELP

A.3.4.1 - UTILITIES for the graphic interface of the system

Entries ADD ARC, ADD FD, ADD MVD, ADD JD, ADD ATT and DELETE
. A.RC . . .

During the test and design processes,  we may have to
modify the database design and test its impact on the
existing.design. \
Attributes, FDs, MvDs, relation schemes and arcs can be_
added or deleted graphically to the existing database, and
new testing session can be started. (%To start with a new
database,- see ACCEPT MODIFICATION in menu FILE UTILITIES).
In addition, existing arcs can be deleted from the database,
this imply the deletion of some existing data dependencies.

*
ERN) -t

aF
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[ e — ———

. 7 o | |
I e N | ~ f .

This entry is selected when ser needs information
about the menu DATABASE MODIFICAAXION. A help message for a
particular entry (function) will/ be displayed. N :

Help message: To get detailed informa ion for each ,of the entries
in the menu DATABASE MODIFICATION, please enter 1,2,
3,4,5 or 6.

A.3.5 Menu heading: FILE UTILITIES

a

Menu Entries:

. CREATE DATABASE
SAVE PICTURE

ACCEPT MODIFICATION
RECORD ON

RECORD OFF

PRINT REC.

HELP

~JoO U b W

e —d
. .

* CREATE DATABASE

-

e —— —— — =]

This selection allows the user to ¢reate a new database
design. :

The system will prompt for the database name and then for
the maximum number of FDs, MVDs and JDs: - v

Enter Maximum number qf FDs:
==>>

Enter Maximum number of MVDs:
e B .

Enter Maximum number of JDs:
==>> .

- B8 - *



The . total of the three entered numbers should be less
than 33.

Help message: Help on CREATE. To create a new database.

| S ———|

.
i
| * SAVE PICTURE
!
L

This selection allows the user to save the EPN
representation of the database displayed on- the screen.

The prompt from the system 1is:

Enter file name for saved picture:
==>>

This file can be printed using MacPaint, the Macintqsh drawing
tool.. - '
Help message: Help on SAVE PICTURE. To save actual draw1ng on screen.
You will be prompted for a file name to contain
_picture. :

,
| .

| * ACCEPT MODIFICATION
1

|

b e e ——

. This selection will save any modification t&i the
database made by an entry from menu DATABASE MODIFICATION.

The system query is:

Do you want to save changes made so far? (y/n)
==>>

Help message: Help on ACCE?IRﬂODIEICATION To accept intermediate

database modifications. You will be prompted for
whether. you want to save or not.
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* RECORD ON

————
—— ——

. This selection will turn on the Lrecording feature of
GLORD. All user/system interactions will be recorded in. a
separate file.
The system will display:
Ack: Your recording of session is ON.

If recording is already on., the system display a warning:

WARNING:
Your recording is already ON.

Help message: Help on RECORD ON. Recording is a utility that records
- all user/system interactions during the design testing
‘gession. This selection will turn it.on.

-

Ir ”|
| ¢ RECORD OFF i - N
t : .q

s

5
¥

This selection will turn off the recording feature of-
GLORD. -

Once this entry is selected, the system will display:
Ack: Your recording of session is OFF.
1f recording is already on, the system display a warning:

WARNING: .
Your recording is already OFFE. ,

Help message: Help on RECORD OFF. Recording is a utility that records

all user/system interactions during the design testing .
- gession. This selection will turn it off.

&
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| IO

.
| « PRINT REC. | . -
| . .

L

The content of the recording file generated by the
recording feature is printed. L :

Help message: Help on PRINT REC. To get a hard-copy of the recorded
‘ ’ user/system 1nteractlons ,

« HELP

r— "
U — |

This entry is selected when the user needs information
about the function performed by an entry in the menu
DATABASE MODIFICATION. A help message for a partlcular entry
(function) will be displayed. _

Heip message: To get detailed information for each of the entrles
in menu FILE UTILITIES, please enter 1, 2, 3 4,5 or 6.

‘0

A.G EXITING GLORD

The selection of entry QUIT from the menu UTILITIES will
allow you to either quit’ ' the system or start as 1f you are
.entering the system. In case of quitting the system, an
-of-session message is displayed. If you choose not to
the system, you will be able to test or to create a new

- 91 -
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Tz get zetailed imdormation o oealh Of the entries in
UTILITIES mery, ml2ase enter 4, 2,3,4 005

) coEsis
________ — - ] ,
| ##% MG 4 FrT R ' N .

Helz = DISPLAY DATABASE. Display the Zatabasa under test.
Twe EPN rezresentaticn of atiributes and Cata deg e".:m lBE
will Se disglaved ®

e . —————— ——

Soeer MITH: {0 LAL
. Helncn ¥EY. Tes‘ whetmer a cet of attritutes is

a Ney =< anzther set cf atiritutes or firnd a Vey ‘o a relziicn
ectz—a,. Clizk a4 plagas fzr att, of scheme, theon click 2t 3%t for Kay,
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EID on PRINT DATAZAZZ. Frint the catabasa urder test.
& univarse and the 2ata depe-cencies will be ;:':".*e...

Dees MSG: 3L RN
Bels o~ TEST, Print the setcf MVDs that 1= e:'...'.va.-e-u‘.

=)
itz the given dat e'-e-:':enc.es.

' eex MEG: - 34 »uE | -
Help on GQUIT. To quit the database uncer test: switch ‘o argther
cdatatase or leave the system.

L +ER MG 37 *aa | -

+ detailed i"-""‘na icm on each of 4~e patries in
mernu FILE UTILITIZ , olease enter {2 or 3,
Y

L 9

------ e S S — -
C sEe }{E’.:-: - 49 PP =

R..CO?DIH is a u*ility used to all imtprzctizons Leer/gystem
for *he design testing sesssicn. The'defaylt is OFF
« CHQOSE ON 2 turn it 2n.

" p¥e MTO: a3 L34
Celect L. or 2. Znter (1/2).
1, Testing whether a given set of attributes is a Hey.
2, Finding a Xey ‘for a set cf attributes.
fege  MTI: &5 e |
Snter <il2 name fcr zaved sizilre.
==33
ot
L esx MER: a9 S ’
———————eem ———————mmem —re @
Er+er data cdependercy npleage,
== . T e
P ———— ———— - : ) ‘ e
ol #e+ MSGr 82 **':nl . S
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L Helpom CREATE. TC cr= te a mew ditabase.
Vou will be promptzd tar marz wefarmatizn,
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=alz on FRINT REC. To prirt database cesign Cuerias results
rezzrzed in reccrding file.

'esr  MIG: §4™ 7 naw)

------- L) —— "‘
ACK: Yzur reczrding of seseicn is ON e

. 4ea o MEC: &7 LA LB

tsus  MEC: 70 H4% |
=rter ite set of atiributes cr Scheme
! ==3> -
1
¥ MSC: 72 #an !
=-ter Key ror test: )
==
+++  MSG: 78 oy |
.
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-

L MGG - 238 potr !

- L]

Testing whether the scheme is in 3 Norma) form

AL i
Lowee MG 24t ny ! T

The ReY of the relation sthemE:

-

——— o —

P err MSG 2484 (32

Help gn ACYCLICITY. Tec* vhether the given database
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- ’ Appendix C
DESCRIPTION OF FUNCTIONS AND PROCEDURES OF GLORD
-\
In this appendix, we briebly describe the functions and

procédures in the graphic sﬁpport and design and test
v ‘ t/ . .
subsystems of GLORD.

c.1l GRAPHIC SUPPORT FUNCTIONS AND PROCEDURES

. pr?cédh;e ARC (flag)

(T

.
e —

This procedure draws or removes an arc from the graphic.
This depends on the value of boolean variable 'flag'.

« procedure DF / DM / DJ / DRP (p) "

f e

These procedures dréw .ar FD, MVD, JD or attribute
(place), respectively, at pgsition 'p' on the user's screen.

o,

* procedure DSPNM.-

r T =7

T ———

This procedure displays" the FD, MVD, JD and attribute
names of the corresponding database.

v



. é:ocedure DSPTXK

[ VE——T

This procedure displays the number of tokens at, eVery

»

attribute {place) of the corresponding database.

r 1
l ' I
| * procedure ERT / FILLARROW |
‘. . i j

These two procedures are used by procedure 'ARC" for the

addition and removal of arcs from the corresponding
database.
{ 1
| + procedure HANDLEMENU ]
| . |
1 ; z

P - . -

This is the main procedure that drives GLORD selection
menus. It is mainly a loop waiting for a user selection of
an entry. The appropriate procedure is called to execute
user's request. -

. .
r —1
| I
| » procedure INIT ]
! o ) J

This procedure sets up the initial selection menus on the
user's screen.

o procedure M ( i: integer)

- ————

This procedure displays or prints help, gQuery or answer

message numbered 'i' in the message file opened by GLORD.

:fﬂ‘
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* procedure NPA

e

e
R ——
1
.

I

This procedure is used to allow the user to name or
rename an FD, MVD, JD or attribute when requested.

. procédure NWN

-

-————

——— e ad

This procedure allows the user to create a new database.
It prompts for information about the number of EDs, MVDs and
JDs. '

« procedure PDB

v
="

———

This procedure prints the current database. The universe
of attributes and all data dependencies are printed. —

.

. procedhre PM (p, m) | - R

—— — ——

U —

This procedure is called by 'DSPNM' to put the name 'm
of an FD, MVD, JD and attribute at position 'p' on the
user's screen.

-
| .

| * procedure REDRAW
l

L.

| SR —— |

This procedure displays the attributes (places) and
transitions (FDs, MVDs and JDs) of a database on the usex's
screen. The resulting graphic is the Extended Petri Net
(EPN) representation of the database. - '
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.+ * procedure SCROUT ot
P edu 5_\\

This procedure displays messages on the middle of the
screen. These ' messages are WELCOME and END OF SESSION
messages.

* procedure SDR jf

- This procedure prepares the user's screen for drawing. It
calls a Macintosh system procedure.

e s e s

— e —d

-
!
| * procedure SX
|
L

This procedure initializes a screen area for displaying

messages {(queries, help or answers). It calls a Macintosh
system procedure. ' ‘

Sy

-

» function TESTMOUSE- (bar: boolean) : boolean

— =

, This function tests for any event on the selection menu.
It returns a boolean value.

- c.2 DESIGN AND TEST FUNCTIONS AND PROCEDURES

e function CL ( a: longint -, ‘i: longimr) : longint
\

———————

-

e

e —— -

-+
!

This function computes the osure of the .set of

attributes 'a'. It uses differefit algorithms depending on
the value of 'i'. .

- 104 -
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« procedure DEPB (cv: longint , x: longint)

=

e e e —

This procedure computes the dependency basis of the set
of attributes 'cv'. The elements of the dependency basis are
st d i% the global variable 'dt'. . . :

f 3|

| . |

] + procedure DVD (sc: longint, rsc: longint) |

L | ~ J
This procedure decomposes (divides) the relation séheméi

'sc' into two sets 'rs¢’ and 'sc'. If not decomposable,

'rsc' will be equal to 'se'.

. procedure FINDKEY (a: longint, b: longint)

5 -

- —— ————

VI B

This procedure finds a key for the relation scheme 'a'.

The key will be returned in 'b'. “

f - ‘|
| * procedure GENBCNF ' |
l J

This procedure generates relation schemes in BCNF. It

uses a decomposition algorithm. g L

f 1
l |
| + procedure GEN3NF ' |
[ ) ’ ; J

) L
- e

This procedure generates, by synthesis, felatioh’écheme
in 3NF. The Bernstein synthesis algorithm is used. ‘
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e — ——

I -
I : I
| *» procedure GR } !
I |
L J
‘Thisrprocedﬁre applies the Graham reduction algorithm'on

the given. relation schemes. These are represented by "a
Graham -matrix. L
1 3
| .
| * procedure IMPL
[

. This- procedure tests whether a given data dependency (FD
or MVD) is logically implied by the existing data
dependencies. It uses the global table 'dt'
{ ‘ , _ .
| o fﬁnctidﬁnkﬁiéfafflongint , b: longint) : boolean
L

B ; - y -

This function tests whether the set of attrlbutes 'a' is

a key for the relation scheme 'b'.

e e =

e e— ——

r
] - . B L
[~ o funection TRIVIAL (a: longint, b: longint, c: longint)
| ' c : longint
L
This function checks if the MVD 'a' ->-> 'b' is trivial

in relation scheme 'c'.

+ procedure TR

~——

[ S

~

-

This procedure tyansforms the data dependencies to MVDs.
‘These"MVDs are stptie in tables (ip and op).
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| s function TST4NF .

This function prompts for a relation scheme and tests
‘whether it is in 4NF.

~C.3 LIST AND Bi'l' MANIPULATION FUNCTIONS AND PRO‘CEDURES

| el i =

« procedure AtoB (att: str80 , cv: longint)

This procedure converts the set of attributes 'att' to
the long integer 'cv'. Position 'i' in 'cv' is set to '1' if

the attribute at-position 'i' is contained in 'att'.

._ )
S e
-
3

* procedure BtoA {cv: longint , att: strBQ)

= —— —

T ——

This procedure converts the longint 'cv' to a string

'att'. The string will be either printed or displayed on the
‘user*s screen.

+ function BT (bts: longint , n: integer) : baeclean.

- = )

L e ——

This function tests the value of the bit at position 'n"
of the long integer 'bts'.

 function CMP ( i: longint ) : longint

|
|
|
L

R p——

This function complements the .list of attributes 'i' with
the universe of attributes.
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(H——

. \.hg:"i: ""h
RN
[ 1
1 ] _ . - |
| o procedure CNCT ( i: longint , ji longint) |
l : l
L J
This procedure concatenates two .lists of .attributes 'i'
and 'j'. The resulting list is stored in 'i'.
{" ' |
| « function FINDI (i : integer) : strlO
| : . .
~ This function returns the attribute at position 'i' in
the universe of attributes. i ’
{ )
| . prdcedure FIND (at: strl0 , pt: integer) o
| : . ' -
L

T
o

-

This procedure finds the position 'pt' of the attripﬁﬁe?;

L
e

-.'at' in the universe of attributes.

A e
o : s
, .

ﬁxfunction ICL ( i: integer , j: integer) : boolean

—— e— — ]

_ This function tests if column 'i' is contained in column
'j' of the graham matrix.

S
i

'-%:, (..;-e.\

e function INCL ( i: longint , j:llgngint) : boolean

-

(- — 7
g

'S

-

This function returns 'true' if Iist 'j'.is included in
list 'i’. AN -

e function IR ( i: longint , j: longint) : longint

—_——

e e ——

This function returns the intersection list between the
lists 'i' and 'j'.
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+ procedure MINUS ( a: longint , b: longint, c: longint)

™ =

This procedure computes the complement of list 'b' in
1 L

- list 'a'. The result is returned in list 'c¢

L)

vr

* procedure SBd(long: longint, pos: integer, bt: boolean)

- |

| N ——

This procedure sets bit at position 'pos' in 'long' to
'1' if "bt' is ['true'. ”

. prbcedure UNION (i: lomgint , j: longint , k: longint)

~ -

I —

fat

This procedure will compute the union of lists 'i' and

'j'.. The result will hs\iforea in list 'k'.

» function UN ( tp: lomgint) : boolean

(- ="

P——

¥

This function tests if the list 'tp' is a union of lists

in the dependency basis table (dt).
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APPENDIX D: PROGRAM LISTINGS.

- program GLORD1;

uses

quickdrawl, quickdrawl;
const

TT = true;

FF = false;

mx = 32;

type | -

striQ = string[lO];'
str256 = string[80]; ..
w = INTEGER;
bl = boolean;
g = longint;
Ptr = “qg;
Handle = "Ptr;
WindowRecord = arxrray[l..78] of w;
WindowPtr = ~WindowRecord;
str24 = string(24);
str32 = string[32);
evr = record

wt i ow;

message : q;

wn : q;

wr : g7

modifiers : w;

end; |

mgs = record

mg : array(l..200] of string[B80];

end; -
net = racord .
id : w;

P, t, m, j,. c, mxp, mf, mm, mj, mxc
na : array(-32..mx] of string(l6];
para, act : array(-32..mx] of str32;
1 : array(-32..mx] of point;
tn : array(-32..mx, 1..4] of w;
kn, ou : array[l..mx] of qg;
end; "
_ wvar _
. done, ib, fir, nomore, sv,'nt, ns : bl;



ev !.evr;’ _
pc : str24; o _ e
r : rect;’ ~ e
att, atl : str256;
delay, n, rc, x;'ﬁvd, tsz, psz, a, b, ai,
om, nm, cv, clos, cvl : q;
op, 1ip, dt : array[l..ZOI of g;
whichwindow : windowptr; '
z : net;
c : point;
pmp, dbfile : str24;
dbvar : file of net;
msgvar : file of mgs;
mt . : mgs; ’
y : text; .
0ldMenuBar, fm, am, sm, um : Handle;
procedure wy; -
bagin
. writeln(y);
end; -
procédure sdr;
begin
hideall;
setrect (R, 0, 30, 527, 357);
setdrawingfect(R);
showdrawing;
and;.
function testmouse (var bar : bl) : bl;
bagin )
testmouse := ff;
bar := ff;
repeat .
until BinLinef (SA970, .$017F, Qev);
if ev.wt = 1 then
begin
testmouse := tt{; |
if WinLineF ($A92C, ev.wr, @whichwindow)
bar := tt;
end; o
end;
function fn (xx, yy, frm, toi, siz : w;

Y]

bj, t1 : w

-

= 1 then



var n : W) : bl;
var J
con : bl;
begin
n := frm; .
con := tt;
whila (n <= toi) and con do ' ,
if (sgr(xx - z.l(n].h) + sqgr(yy - z.l(n].v} > siz *.siz) then

aelse
con := f£f;
fn := not con;
end;

“function fnt (xx, yy : W;
var n : W) & w;

‘begin
if fn(xx, vy, -z.p, -1, psz, n) then -
fnt =1
else if fn(xx, vy, 1, z.t, tsz, ﬁ) then
fnt := 3 ' ' . g

elsa if fnixx, vy, z.mf + 1, z.mf + z.m, téz; n) then
fnt := 7 _ A i
else if fn(xx, vy, z.mf + z.mm + 1, z.mf + z.mm + z.j, tsz, n)

then
fnt := 15
else.
fnt := 0;
end;
- procedure sx;
begin

setrect (r, 0, 30, 521, 100);
settextrect (r);
showtext;

and;

procedure scr [(m : str32);

bagin :
sdr; ' —_
fillrect (0, 0, 322, 512, Gray);
setrect (r, 40, 150, 472, 230):
fillroundrect (r, 20, 20, white);
frameroundrect (r, 20, 20);



textface ( [bold, outlinel);
moveto (150, 200);
drawstring(m)n :
end; ,
procedura pm (p : éoint:
*m, con, ele : str24);

!

var
h,‘ v, Sz I W;
bagin ' 3 : «
if ele = 'p' then
sz := psz + 2 . S >
aelse if ele = 't' then
sz := tsz;
h := p.h - stringwidth(m) div 2;
if con = 'n’ then . oL
v := p.v + 5z + 8 o '
else if con = 'p' then
v 1= p.v - sz )
@lse if con = 'a' then -
v i= p.v - sz - 14; -
moveto(h, v);
drawstring (m) ;
and;
procedure fa .(f, t : point;
radf, radt : w;
o drawarrow : bl);
var ‘
xl, ¥l, ang : w;

r : rect;
begin ‘
setrect(r, t.h - 12, t.v - 12, t.h + 12, t.v + 12); .
pttoangle(r, £, ang);
yl := round(radt * cos({ang * 0.0175)); }

x1 := round(radt * sin(ang * 0.0175)); ~ :

f.v := f.v - round(radf * cos{(ang - 180) * 0.0175)}: -

f.h := £.h + round{radf * sin{{ang - 180) * 0.0175));

moveto (£.h, £.v); “ - -

" lineto(t.h + x1, t.v - yl1);

setrect (r, t.h + 2% x1-12, t.v-2*yl- 12, t.h + 2 % %1+ 124
t.v -2 * yl + 12); :

if drawarrow then

B



. . »

paintarc(r, ang - 15, 30}; °

end; - : .
fuaction prect (p : point; £
' n : w) : rect;
var .
r : rect;
bagin

if n = 1 then
setrect(r, p.h - psz, pP.Vv - psz, p.h + psz, p.v + psz)
aelse if n = 2 then
setrect(r, p.h - tsz, p.v
round(tszl* 0.4))
alse if n = 3 then
. setrect (r, p.h - tsz, pP.V
round(tsz * 0.1))
alsae if n = 4 then
setrect (r, p.h - tsz, p.v
. round{tsz * 0.8));
apfect = r;
aend;

round(tsz * 0;4), p.h + tsz, p.v *

round({tsz * 0.1), p.h + tsza p.v +

round(tsz * 6.8), p.h + tsz, p.v +

e

function bt (bts, n : g) : bl;
begin ' ' |
if odd(bitshift(bts, 1 - n)) then
bt := tt-
aelse
bt := f£;
end;
procedura dsptk;
' war
i w;
begin
textface ([bold]}:
for 1 := 1 to z.p do -
begin - : o,
moveto(z.1[-1i].h - 6, z.1[-1il.v + 4); .
if nt then - ‘ . <
bagin
att := concat('S', stringof(z.tn[-i, 1] : 1));
drawstring(att); '
and



. alse

drawsq:;ﬁg(stringof(z.;n[-i, 1] : 1))

end; i
nt := ff;

textmode (srcor) ;

end;

notj
var a
K : w;
bagin

3

A, e

procedufe ert (f, t, ai : w;%
: bl);

w—
g

for k :=_1 to 32 do

bagin

_ if bt(z.kn[ail, kr--then

fa(z.l["k]:

o

z.1[ai], psz, tsz, notj);

ifibt(z.oul[ai]l, k) and notj then

fa(z.1l[ai],

end; A
end;
procedure yl;
baegin

hideall;"’

sdr;

c.h := 30;

c.v := 50;

z.1[-k], tsz, psz, notj);

frameoval (prect (c, 1))
pm(c, '-->', 'n', 'p');

c.v = 100;

frameoval (prect (¢, 1))};

pm(c, '=>=>',
c.v := 150;

frameoval {prect (c, 1));

lnl’ Ipl);

pm(c, 'Key', 'n', 'p');

c.v = 200;

frameoval (prect (c, 1}):
pm(c, 'EQS', 'n', 'p");

moveto {60, 20);

lineto (60, 300);

and;

procaedure redraw;

 var

’



IR YR

iz wy ’
begin
vi;
textface {[bold]);
for i := L to z.p do
begin
pm(z.l({-i}, z.na[~i], 'n', 'P');
frameoval {prect (z.1[-1i], 1)):
end; '
for i := 1 to z.t do
‘bagin
paintrect (prect(z.1[1i], 2));
ert (0, 0, i, tt); -
pm{z.1[i], z.na[i], 'n', 't');
end; '
for i := z.mf + 1 to z.mf + z.m do
bagin T ‘
paintrect (prect (z.1[i], 2));
erasérect (prect(z.1[i], 3));
.ert {0, 0, i, tt);
pm{z.1(i], z.nali], 'n', 't');
end; R : :
for i := z.mf + z.mm + 1 to z.mf + z.mm + z.j do
begin
framerect(pfect(z.l[i], 4));
ert (0, 0, i, £f);
pm(z.l[}], z.na{il, 'n*, 't"):
end;
textmode {srcor) ;
end;
procedure M (i : w;
tl : w);
var
c i w;
begin
" if t1 = 1 then
bagin
SX;
for c := i to i+ 2 do
writeln(mt.mg(c]);
end i



A

1

L]

else if t1 =" 0 then _

writeln(y, mt.mg{il);
end; .. - -
procedﬁra pln;

' begin

M(190, 0);

and; ‘

procedurae init;

bagin/ o
Flushevents ($017F, 0); . o
OldMenuBar := Pointer (LInLineF ($AS3B)):;
InLineP (SA934);
fm := Pointer(LInLineF($A931, -100, 'UTILITIES ") 3
InLineP ($A933, fm, 'DISPLAY DATABASE;CLEAR;PRINT

. DATABASE;NAME;QUIT;HELP'); '

InLineP ($A935, fm, 0);

" & = Pointer(LInLineF ($A931, 102, 'ANALYSIS ' '));

“InLineP (SA933; am, 'IMPLICATION;CLOSURE;KEY;HELP ');
InLineP ($A935, am, 0); | :
sm := Pointer (LInLineF ($A931, 101, 'DATABASE MODIFICATION'});
InLineP ($A933, sm, 'ADD ARC;ADD FD;ADD MVD;ADD SCHEME;ADD

ATTRIBUTE') ; o '

InLineP ($A935, sm, 0):; )

um := pointer(linlinef($a931, 103, 'FILE UTILITIES ") ;
inlinep($a933, um, 'CREATE DATABASE;SAVE PICTURE;ACCEPT
) MODIFICATION;DELETE ARC;HELP DB, MOD.;HELP');
inlineP ($2935, um, 0);
inlinep($a%37);

and; ’

procedure sb (var long : a:

pos : W;
bt : bl);
var )
t : q;
bagin
£t :=1;

t := bitshift(t, pos - 1);
if not bt then
baegin . °
t := bitnot(t); .

KL



long := bitand(long, t);
~ end ' : _
alse ¢
long := bitor(long, t};
and;
function il (i, 3 : q) : bl;
var : '
c : q:
egin . . )
il := &t
for ¢ := 1 to z.p do
if bt(j, c) then
if not bt(i, c¢) then

bt

il = ££;
and;
.procaedure cnct (var i, Jj : Q);
var - '
s Cc ot oqr
bagin _
for c = 1 to z.p do

if bt(j, c) then
. if not bt (i, c¢) then

<:;d sb(i, c, tt);
ehd;

function ir (i, j : Q) : 4q;
var ’
c ! W
m: q;
begin
m := 0; :
for ¢ := 1 to z.p do
if (bt (i, c) = tt) and (bt(j, c) = tt) then
" sbim, ¢, tt);

ir = m;
and; . -
function cmp (cv : Q) : g;
var
C ! W,
R
begin



for ¢ := 1 to z.p do
if not bt(cv, c) then
sb(j, c, tt) H
cmp = J;
end; .
procedure fd (at : strl0;
var pt : w); -

=

beg}n
pt := 0;
for ¢ := 1 to z.p do
bagin '
if 2.na(~-¢c] = at then
pt := c:
aend;
and;
- procedure ab (s : str256;
var cv : q):

I

var
pl, pt : w;
at : strl0;
begin
-pl i =1; -
pt := 1;
cv = 0;

pl :="pos(',', s):

if pl = 0 then
baegin /f\\_\

at := copy(s, 1, 10);
fd({at, pt}; -
s Sb(cv, pt, tt);

aend; . -
while (pl <> Q) do
begin . _
>~ if (pl <>.0) and (s <> ' ') then
begin - :
" at ="' '; ¥
at := copy(s, 1, pl - 1);.
fd(at, pt);

if.pt <> 0 then

W



W

S

bagin T
sb{cv, pt, tt):
delete(s, 1, pl);
end; '
end;
pl :=pos(',"', s);
end;
at := copyls, 1, 10);
fd(at, pt);
if pt <> 0 then
sbtev, pt, tt);
and; _
‘procedure df (p : point);
. bagin ° _
if z.t < z.mf. then
begin
paintrect (prect(p, 2));
z.t = z.t + 1;
z.1l[z.t] := p;
end " '
alse
note (2500, 20, 10);
end; ’
procediize dm (p : point);
bagin
if z.m < z.mm then‘
‘begin o ‘
- paintrect (prect(c, 2));
eraserect (prect (c, 3));
z.m = z.m + 1;
z.l{z.mf + z.m] = p
aend
else ‘
note (2500, 20, 10):;
_amd;
_procedure nwn;
var
iz : net; - .
begin : . :
z = 1z; .
z.mxp := 32;

-
’



- M(1S51, 1;;
readln(z.mf);
M(154, 1);
readln(z.mm);
S M(157, 1);
readln{z.mj);
z.id := 1
yl; - ' o
;end; '

procedure drp (p : point%;\

begin .

* frameoval (prect (p, 1)):
z.p = z.p + 1;
z.1[-z.p].h = p.h
z.1[-2.p].v = p.V

end; e
pt&caduro dj {p : point);
begin '
if z.j < z.mj then
begin _
. framerect (prect (p, 4));
z.3 := z.j'+ 1;
z.1[z.mf + z.mm + z.3]
aend
alse - _

note (2500, 20, 10);

end; |

procedure arc (blk.: bl);

var -

Y] gy

aii, b3jj : wi .
baegin
if fir then
bagin A
a := fnt(c.h, c.v, ai);
if a > 0 then

bagin
fir := ££;
note (1000, 10, S5);
end;" *
end

elsa -

hel

= p;



-begin L
'getmouse(c.h, c.v);
b :Z fnt(c.h, c.v, bi);
if b > then. ‘
begin. '
if not blk then
penmode (patbic) ;
fir := tt;
 case a + b of
4, -8
if a=1 then .
bagin ff
fa(z.l[ai), z.l[bjl,-psz, tsz, tt);
sb(z.kn{bjl, -ai, blk);
if bt(z.oul[bjl, -ai) tian
. begin
v pennormal;
e fa(z.1l[bj}, z.l(ai], tsz, psz, tt):
‘and; .
end
alse
begin .
. fa{z.l[ai]l, z.1(bjl, 'tsz, psz, tt);
sb(z.oulai], -bj, blk); .
if bt(z.kn(ai], -bj) then

P

bagin
pennormal; - . o
fa(z.l[bjl, z.l[ai], psz, tsz, tt);
and; -
aend;
16 :
begin -
aii := aiz T
bij := bj; \
if b = 1 then
bagin
bjj = ai; “
ati := bij;
fir :=:ff;
end;

fa(z.l[aii], z.l{b3jjl, psz, tsz, £ff):



sb(z.kn[bjj], -aii, blk);
end; '_ T
otherwisae
end;
pennormal; ‘ -
note (1000, 10, 8);
note (1500, 10, 5):-
end;
end;
end;
procaedure npa:‘
var ) -
X, ki : w:
-begin _
getmouse(c.h, c.v);
k := fnt{c.h, c.v, ki);
if k <> 0 then
begin .
' invertrect(prect (z.l(ki}, 1));
SX; ' . -
M({184, 1):
readln(z.nalkil)
invertrect (prect(z.1l{ki], 1));
end;
end;
function fdi (i : w) : stri0;
bagin
fdi := z.na(-1i];
end; '
procadure ba (wvar att : str256;
cv : oq; '
i w);

begin
att = ' ';
for c := 1 to z.p do ’
if bt {(cv, c¢) then

att := concat(att, fdi(c), ' F e

casa i of



07 .
writeln(att);,
A
Swriteln(y, att):
3: <
write(y, att);
end;
end;
procedure
var

L3

cln;

i w;
bagin =
for i := 1 to
dt(i] := 0;
end;

procadure uo (i,
"war k
var
c :
bagin
k := 0; .
for ¢ := 1 to z.p do
if bt(j, ¢) or bt(i,
sb(k, ¢, tt);
"aend; :
function nk (z : W) :
begin '
nk := tt;
if (sgr(c.h - 30)
nk := If;
end;.
procadure ga
var
k, ki
begin

c) than

»

bl;
+ sqgr{c.v - 50 * z}

{(var s q);

- W,

getmouse(c.h, c.v);
k := fnt(c.h, c.v,
if k <> 0 then
sb (s, tt)
and;

ki),

_ki;

<= psz * psz) then



s -

procedura pdb;

var
i, ct, st : w;
sr, zst : strlo; ~ = -
a : str256; '
bagin ) -
M(160, 0); ™
for i := 1 to z.p do
'write(y, z.naf-i1, * '),
wWY:
pln;
M(187, 0);
if z.t < 0 then o
-for 1 := 1 to z.t do
begin ’
write(y, z.na(i], ' .. "):
ba(a, z.kn[i], 3);
write(y, '-->'}:
bala, z.oufil, 1);
WY/ '
aend;

if z.m <> 0 then
for i := z.mf + 1 to z.m + z.mf do
begin
write(y, z.nal[il, ' P
ba(a, z.kn[i], 3);
write{y, '->->');
ba(a, z.ou(i], 1);
Wy
and;
- 1f z.j <> 0 then
bagin
ct = 0
st = z.mf + z.mm + 1;
ST . z.na(st);
whila (ct <= z.3j) and (st <= z.mf + z.mm + z.3) do
begin T '
zstr:= z.na(st]:
write(y, zst, ' : '};
write(y, ' ( '}; )
yhile (sr = zst) do-



bagin
write(y, * . ');
ba(a, z.knl[st], 3); !
st 1= st + 1; \
ct = ct + 1; ./j
if (st <= z.mf + z.mm_%»7Z.mj) then
sr := z.na(st]; S
ehd;
.8 = z.ha[stj;
“zst := z.nal[st]:
writeln(y, ' ) '):
- end;
and;
pln;
and;
procedure ms (a, b : g; ; .
wvar c : q); l
var '
i w
baegin
c := 0;
for i := 1 to z.p do
-« if (bt(a, 1)) and (not (bt (b, i))}) then
o sblc, i, tt); |
" end;
function un (tp : q). : bl;
var

for-i := 1 to x do
if il (tp, dt[i])" then

bagin
ms (tp, 4dt(i], tpl);
tp := tpl; '
end; '
if tp = 0. then
un := tt; !
end;

procedure db (var x : w;



cv : Q)
var '
£f1 : bl;
xx : str256;
i,. 3 @ ows
in : g
begin | . ,
x = 1; i
for i := 1 to z.p do
begin
ln. := 0; ‘ .
if bt (cv, i) then
begin
sb{ln, i, tt);
dt [x] 1= 1n;
X :1=x + 1;
end;
end; _
dt[x] := .cmp(cv);
fl := tt; ,
while f1 do -
begin . )
fl1 := £f;
for i := 1 £d mvd do
for j := 1 to x do _
if (mot (il(op{il, dt(jl))) and (ir(dt{i}, opli]) <> 0) and
(ir(dt (3], ip[i]) = 0) then
bagin '
X 1= x + 1; :
ms (dt (3], oplil, dtlx]);
dt(j] := ir(dt(3j], op(il);
fl := tt; ‘ -
end;
and; ‘.
- and; .
procedure tr;
var
v, tp : q;
. i, ¢, d, ps, ct, nm, st : w;
'sr, zst : striQ;
bagin

(."‘_



if z.t <> 0 then

for ¢ := 1 to z.t do -5?
for d := 1 to z.p do g
if bt(z.ou(c], d) then !
begin ‘
is:=1i+1;
sb(v, d, tt); o / i

ip[i] := z.kn[cl;
opli] = wv;
v := 0;
end;
if z.m <> 0 then
for ¢ := 1 + z.mf to z.m + z.mf do

begin
i:=1i+1;
ip(i] := z.kn(cl;
opl[i] := z.oulc];
and;
if z.j <> 0 then 3
bagin '
ct := 0;
st := z.,mf + z.mm + 1; :
ps := st;
sr := z.na[st];
nm := 0;

whila (ct <= z.j) and (st <= z.mf + z.mm + z.3j) do
begin ‘
zst := z.na[st];

while sr = zst do

v

bagin-

st := st + 1;

ct = ct + 1;

nm := nm + 1; ' ..

if (st <= z.mf + z.mm + z.mj) then '

sr := z.nal[st]:

end;
if nm = 2 then

begin

i :=1i + 1;



t .

ip(i] := ir(z.kn[ps], z.kn{ps + 1]);

ms{z.kn[ps], ip{i], oplilh:

if (ip[i). = 0) or (op(i] = 0) thenm
is=1i - 1;

= |
ps := ps + 2; :
nm := 0;
end g . _
else if nm = 3 thean -
baegin S :

wo(z.kn(ps + 1], z.kn[ps + 2], tp);

is=1i4+1; '

ip{i] :="ir(z.kn(psl), tp);

ms(z.knﬁps], ip(i], opl(i]):

if (ip(i), .= 0) or (op[i] = 0) then
i :=1i-1;

wo(z.kn([ps], z.kn(ps + 2], tp);

i=1+1;

ip(i]) := ir(z.kn[ps +.1], tp);

ms(z.kn{ps + 1], ip{i], opli]};

if (ip(i} = 0) or (opl[i] = 0) then
i =4 = 1; _

wo{z.knps + 1], z.knips], tp):;

i:=1i+1;

ipl(i] := ir(z.knlps + 21, tp):

ms{z.kn(ps + 2}, ipl[i], oplil);

if (ip([i] = 0) or (op{i] = 0) then

i::x=1i-1; 7
PS := ps + 3; '
nm := 0;
end;
and;
end;
. mvd := i;

end;’
function cl (a : g;
it w @ q

var '
f1 : bl;
lcl, c¢ls, k, cve : g5
3r oW

begin



‘cls := a;
lcl := 0;
i i =0 then
while cls <> 1l1lcl do
begin )
lcl := cls; B
for ¢ := 1 to z.t do
if il(cls, z.kn[c]) then
enct (cls, z.ou{c]):?

cve 1= cmp{cls);
for c := 1 to z.p do
begin
if bt (cvec, c¢) ‘then
'begin
sb(k, c, tt):;
for j := 1 to x do

if k = dt[j] then
£l := tt;
if f1 = tt then
for,j“:='l to z.t do
if z.ou(j] = k then
. cnct (cls, k); :
and;
fl := ££;
k := 0;
and;
aend;
cl := cls;
end;

procedure impl (t : w;
cv, rg : qQ;
var
1f, ty, xx : str256;
wr pl, 1 : wj .
‘ ex : bl;
tp, cls : q;



begin
if £'= 0 then

begin
if (z.m = 0) and (z.j = 0) then
bagin -
cls :=-clicv, 0); . (:l
if il(cls, rg) then ”Q
ex := tt; = f)%bj'i
end _ \j
alse
begin
db(x, cv);

i£ un{rg) then
for i := 1 to z.t do
begin :
ms{z.ou(i}], z.kn[i], tp);
1€ il(tp, rg) then
ex := tt;
aend;
and;’ ‘
if ex = tt then
M{163, 0)
aelse
" "M(lee, 0); d
and
else if t = 1 then
bagin ¥
~db({x, cv);
if un{rg) then
M(163, 0)
else
M(l66e, 0);
and;
cln;
aend; :
function Key (a, b : q) : bl;
var
k : bl;
cls : g
bagin
k := ££;

na



AR

cls := 0;
if (z.m = 0) and (z.3 = 0) then
-¢ls :=fé}(a, 0)

alsae
begin
db(x, a);
cls := cl(a, 1):
end;

if il{(cls, b) and il (b, a) then
k = tt; ' :

key := k;
end; o
procedure dn;
var

i, 3 ¢+ w;
a : str2s56;

‘begin

. ba{att, clos, 1);
pin;
M(88, 0);
M(175, Q);
for i := 1 to x do
for j := 1 to z.p do
if bt (dt{i]l, Jj) then
z.tn[;j, 1] := i;
for i := 1 to x do
bagin
write(y, '> ")
ba{a, dt{i], 1);
end; ‘
pln;
cln;
Tedraw;
nt := tt; =
dsptk;

-

. and;

procadu¥e dc;

begin |
wriﬁe(y, 'Testing whether : ');
ba(att, cv, 3);
write(y, ' is a key of .:');

~



_ ~
“ba{att, cvl, 1);
if key(cv, cvli) then
m{l69, 0)
dlse
m(172, 0);
cln;
pln;
- and;
procadure fkey (a : g,
var b. : q): '
var '
£1 : bl;
i ow;
c : q;
bagin
fl := f£f;
‘b := 0;
for i := 1 to z.t do
if key(z.kn[i), a)’ then
bagin
fl := tt;
T b :=z.kn([i];
ba(att, b, 1);
end;
if not fl then )
whila (not fl) and (i <= z.t)
bagin. .
i =14+ 1;
uo{b, z.knli), c¥;

b = ¢; '
if key(a, b) then
begin g
ba(att, b, 1);
Cfl := tt;
and; :
and; ' A4
and;
procedure handlemenu;
begin ) :
case WInLineF ($A86A, nm) of
100 : - st

do

Y



case WInLineF (SA86B, nm) of
1 '
redraw;
2 : _
hideall;
3 :

npa;
5
baegin
M(79, 1);
readln{att);
sv = ff; .
if att = 'y' then
sv := tt;
M(82, 1);
readln (att);
done := tt;
if'att = 'y' then
nomore := tt;
end; .
6 :
; D
and;
102 ..
case WInLineF ($A86B, nm) of
1 e
bagin
ga(cv);
if nk(l) = £f then .
begin '
tl := 0;
cvl = cv;
cr := 0;
end
alse if nk(2) = ff then



3

-

and;

if ik (4) = £f then

begin | -

m(91; 0)':
ba(att, cvl, 3);
if £1 = 1 then
write(y, ' -=>=> ")
else
writely, ' -—=> 0
ba (att, cv, 1):
m{175, 0):

S impl{tl, cvl, cv);

pPln;

ohd;

ahd;
2 :
baegin )
ga(cv); . o
if nk(4) = ££ then

bagin

m(8S, 0);

ba(att, cv, 1)7

m({175, 0Q);

db{x, cv); - _

if (z.m = 0) and (z.3-= Q)
clos := clicv, 0)

‘@lse

clos := cl(cv, 1);
dn; | '

end;

and;

begin

gaf{cv);
if nk(3)
begin

ff than

I

cvl = cv;
cv = 0; : N

end;

if nk(4) = ff then

if cv <> 0 than .

thgn

sl

A



. de .

else ‘ )

‘bagin -

m(67, 0);
ba(att, cvl, 1);
m{175, O);
fkey(cvl, cv);
cln;
pln;
end;
aend;
4
bagin
m(1l3, 1);
readln(n);
casa n of
1l :
m{22, 1l);

2 : .
m(le, 1);
3 :

m(10, 1);
4 : R
m(25, 1);

otharwisa

m(103, 1); .
fahd;

and;
end;

©t101 & -C

if naot ib then
begin - ,
getmouse (c.h, c.v);
case WInLineF ($A86B,
1 3
 ARC(TT) ;
2
df (¢) ;
3 :
DM(c) ;
4 -

nm)

of



DJ(c):
5 : :
_' drp(c);

‘end; ‘
end;
103 o .
case WInLineF ($AB86B, nm) of
J 1 '
begin
dbfile := newfilename(pmp);
nwn; '
end;
2 ¢
bagin
M(46, 1);
readln(pc); .
hideall:;
redraw;
dsptk;’
savedrawing(pc)f
end; ‘
3
begin
M(97, 1);
 readln(att);
if att = 'y' then
bagin T _
open(dbvar, dbfile);
‘dbvar® := z;
put(dbvar);'
close (dbvar) ;
end;

L5

tr;
and;

4 :
begin.

getmouse({c.h, c.v);
arc(ff};
end;
5

-
r

——

L]



6 3

end;
othaerwisa
and;
J end;(*éroc*)
bagin
rewrite(y, " 'printer:'); ,
writely, ¢hr(27), 'c', chr(27), 'p')i-
write({y, chr(29), 'A@');
for delay := 1 to 58 do
write(y, '@@"); :
write(y, 'CRRERRERREEEREREAR', chr(30));
psz := 10;
‘tsz := 8;
nomore := ff;
nt := ff; T -
fir := ff:
om := 999999;
ser ('WELCOME TO G L O R D');
for delay := 1 to %000 do

.
!

init; .
hideall; _
while nomore = f£ do
begin T -
done := ff; ‘ -
open (msgvar, 'msgsl');
mt := msgvar”;
close (msgvar) ; S
pmp := ' database file :';
dbfile := oldfilename (pmp);
if dbfile = '' then
begin ‘
dbfile := newfilename (pmp);
. nwn; . . '
end
else . !
begin 1

open (dbvar, dbfile);

-



"z := dbvar”; . -
close (dbvar); ' e
tr; '
pln; ,
M{178, 0);
pln; _
writeln(y, 'Given : the database is: ', dbfile);
pln; .
writeln(y, ' A NALY SIS PROBLEMS ");
pln;-
end;
rapeat
if testmouse{ib) then
begin ,
if ib then
begin
fir := tt;
cv = 0; )
cvl := 0; | :
om := LinLineF ($A93D, ev.wr):;
end;
nm := om;
‘Handlemenu;
and; -
until done;
M(181, 0);
pln;
if sv then
'~ begin
open{dbvar, dbfile);
dbvar® := z;
put (dbvar) ;
close (dbvar) ;
end;
and;
closé(y);
InlineP ($A932, sm);
InLineP ($A%3C, OldMenuBar);
InLineP ($A937); '
scr{'BYE');
and.

-~

I



program GLORD2;

uses
quickdrawl, quickdraw2;

const_. ' ) J'\
TT = true;

. FF = false;
mx = 32;

type

strl0.= string(l0];

str256 = string(80];

w = INTEGER;

bl = boolean;

q longint;

Ptr = “q;

Handle = “Ptr;

WindowRecord = array(l..78} of w;
WindowPtr = ~WindowRecord;

str24 = string(24];

str32 = string(32];
evr = racord
Wt : WS R Co
‘message : g; . 3{
wn g
wr : q;
modifiers : w;
and;
' mgs = record ol
mg : array(l..250] of stfing[BO];
aend; '
net .= record '
id @ w;

p, £, m, j, ¢, mxp, mf, mm, m3j, mxc : 0..64;
na : array[-32..mk] of string(lé6];
para, act : array(-32..mx] of str32;
1 : array(-32..mx] of point;
token : array{-32..mx, 1l..4] of w;
kn, ou : array(l..mx] of q;
aend; ' '
var

done, ib, fir, rec, nomore, sv, nt : bl;



| .- . »

ev : evry;

pc : str24;
r : rect;
att, atl : str2s6; 7

delay, n, Trc, x, mvd, tsz, psz, a, b, ai, bi, tl, dy : w;
om,'nm,_cv, clos, cvl, uni, ul : a; :
op, ip, dt : arrayfl..30] of g;
gm : array[l..30, 1..10] of w;
fd : array(l1..20} of w;
whichwindow : windowptr:
z ! net;
c : point;
pmp, dbfile : str24;
dbvar : file of net;
msgvar : file of mgs;
mt : mgs;
y : text;
OldMenuBar, .fm, am, sm, um : Handle;
procadufa wy;
begin
writeln(y):
end;
procadurae sdr;
bagiﬁ
+ hideall; . _ | : .
setrect (R, 0, 30, 527 357); ' :
setdrawingrect (R) ;- -
showdrawing;
and; .
function testmouse (var bar : bl) : bl;
bagin
testmouse := ff;
bar := ff; '
rapeat
" until BinLineF ($A970, $017F, Qev):;
if ev.wt{s’1 then
bagin
testmouse := tt; .
if WinLineF ($A92C, ev.wr, @whichwindow) = 1 then
bar := tt;
'end;

*+



end;
procadure sx;
begin
. setrect(r, 0, 30, 521, 100);
settextrect (r); '
showtext;
"and; : | ) o
procedure scr (m : str32); o
begin :
sdr; ,
fillrect (0, 0, 322, 512, Gray);
setrect (r, 40, 150, 472, 230); _
fillroundrect (r, 20, 20, white);
frameroundrect (r, 20, 20);
textface ([bold, outline]);
moveto (150, 200);
drawstring(m);
end; ‘h
function bt (bts, n : g) = bl;
begin . ' \
if odd(bitshift(bts, 1 - n)) then
bt := tt
else
bt := ££f;
end;
procedire M (i : w;
' £l : w);

A N

var
c : W;
bagin
if t1 = 1 then .
begin ' )
SX;
for c := i to § + 2 do
writeln(mt.mg(c]);
and , '
@lsa if t1 = 0 then’
writeln(y, mt.mg(i]);
end; '
procedure pln;
begin



ev : evr; ' : .
pC : str24;~ )
r :’rec;: ‘

att, atl : str2b56;

delay, n, rc, x, mvd, tsz, psz, a, b, ai, bj, tl, dy

om, nm, cv, clos, cvl, uni, ul : q;
op, ip, dt : array(l..30] of g;
gﬁ : array[l.}BO, 1..10]) of w;
fd : array(l..20] of w;
whichwindow : windowptr;
z : net; S '
c : point; :
pmﬁ, dbfile : str24;
dbvar : file of net;
msgvar : file of mgs;
mt : mgs;
Yy : text;
0ldMenuBar, fm, am, sm, um : Handle;
procedura wy;
begin
writeln(y};
end; '
procedure sdr;
begin
hideall; ‘
setrect (R, 0, 30, 527, 357);
setdrawingrect (R) 7
showdrawing; K3
and;
function testmouse (wvar bar : bl) : bl;
bagin
testmouse := ff;
bar := ff;
.raepeat _
until BinLineF ($A970, SO17F, @ev);
if ev.wt = 1 then

begin

testmouse = tt;

if WinLineF ($A92C, ev.wr, G@whichwindow)
. bar := tt;

end;

1 then

MR



end}' \
procedure Sx;
begin C
setrect (r, 0, 30, 521, 100);
settextrect (r);
§howtext: :
- and; ,
procedure scr (m : str32);
begin
sdr;
fillrect (0, 0, 322, 512, Gray):;
setrect (r, 40, 150, 472, 230);
fillroundrect (r, 20, 20, white); '
frameroundrect (r, 20, 20);
“textface ([bold, outlinel);
moveto (150, 200);
drawstring(m);
end;" o
function bt (bts, n : q) :.bl;
begin .
if odd(bitshift (bts, 1 - n)) then
bt := tt
alse
bt := ££f;
and; : - .
procadure M (i : w; o
£l : W)
vax
c 1 W
begin
if tl = 1 then
begin
SX;
for ¢ := 1 to i + 2 do_
-writeln(mt.mglc));
and ]
alsa if"tl = 0 then
writeln(y, mt.mg(i]);
end;
procedure pln;
bagin

Q

e



T M(190, 0};

end; -

procedure init;

begin ‘
Flushevents ($017F, 0):
OldMenuBar := Pointer (LInLinefF ($A93B));
InLineP (SA934); , .
fm := Pointer{(LInLineF ($A931, 100, 'UTILITIES "))
InLineP {$A933, fm, 'CLEAR;PRINT DATABASE;QUIT;HELP');
InLineP (5A935, fm, 0); ' -
am := Pointer (LInLineF($A931, 102, 'ANALYSIS ")
InLineP (SA933, am, 'IMPLICATION;CLOSURE;KEY;HELP ');
InLineP ($A935, am, 0); .
sm := Pointer(LInLineF($A931, 101, ‘*NORMAL FORMS "3);
InLineP($A933, sm, 'SYNTHESIZE 3NF;TEST 3NF;GENERATE BCNF;TEST

4NF; GENERATE 4NF;TEST ACYCLICITY,HELP'};

InLineP ($A935, sm, 0);
um := pointer(linlinef($a931, 103, 'FILE UTILITIES: '));
inlinEP($a9§3, um, 'RECORD ON;RECORD OFF;PRINT FILE;HELP');
inlineP ($a%35, um, 0): :
inlinep($a%37):

end; -

procedura sb (var long : q;

poOsS : W; .
bt : bl);
var '
t g : ’
begin
t = 1;

t := bhitshift(t, pos - 1);
if not bt than
begin
t := bitnot{t):;
long := bitand(long, t);
end )
alsa :
long := bitor(long, t); s
and; '
function il (i, j : g} : bl;
var '



c : g
bagin
il = tt;
for ¢ :=.1 to z.p do
if bt(j, c) then -
,if not bt (i, c) then
il = £ )
aend;
procedura cnct (var i, J

-

q);

var
Cc 3
bagin
for c :=
if bt (],
if not bt (i,
":Sb(i: c, tt):

q-

1l to z.p do
c) then
c) then

and{
function
var
c : wW; .
m : 4;
"bagin ’ ¢
m := 0;
for c := 1 to z.p do

ir (4, 3+ @ :

if (bt(i, o) =

sb(m, ¢, tt);

ir := m;
end;

function
var

cmp {cv : g) q;

begin
3 o= 0y
for c.:
if not bt (cv,
sb(3, ¢, tt)? .
cmp := 3j; -
end;
procedure find (at
var pt : wW);

=1 to z.p do
c) then

:- strl0;

= tt) and (bt (],

c)

———

tt) then



begin
pt == Q; i
for c¢c = 1 to z.p do
bagin,

pt = c;
_ aend;
end; :
. procedure ab (s : str256;
var cv : q); -
var
pl, pt : w;
at : strll;

begin
pl :=1;
pt = 1;°
cv = 0;

pl.:= pos(;,', s)i

if pl = 0 then

begin '
at := copy(s, 1, 10);
find(at, pt):;
sb(cv, pt, tt);

end;
while (pl <> 0) do
begin
if (pl <> 0) and (s <> ' ') then
begiﬁ |
at -t T

I

. L X

at := copyis, 1, pl - 1);
find(at, pt);
if pt <> 0. then
> bagin
sh(cv, ét, tt) ;
delete(s, 1, pl);
end; '
end;
Pl :=pos(',', s);
sand; '

-



at := copy(s, 1, 10);

find(at, pt);

if pt- <> 0 then

sb{cv, pt, tt};
end; \_"
functioh findi (i : w)
begin

findi := z.na[-i];
end; L T
procedure ba (var att

cv T q;
i w; -
var
c w;
begin * ‘
att = ' ';

: strl0;

: str256;

for ¢ := 1 to z.p do

if bt (cv, ¢) then
. att := concét(att,
case i of
0
writeln(att);
N e ‘ A
“writeln(y, att); .
3 :
write(y, att):;
- end;
and;
procedure cln;
var
i ow;
bagin
for i := 1 to x do
dt (i] := 0O;
end;

- procedure uo (i, J :
. wvar k : q);
VAT . *
c "W
begin

findi (<),

ds

L



v

k := 0; o ) : ' i
. for ¢ := 1 to z.p do ’ . .
i# bt (4,~c) or bt(i, c) then ] :
sb(k, ¢, tt); : '
end; .
procedura pdb;
var
i, ct, st : w;
sr, zst : strll;
T a :-str256;
‘bagin
M(160, 0):
for i :=1 to z.p do
wrife(y, z.na[=1], ' ");
wy; o : -
pln;
M{187, 0).. : *
if z.t <> 0 then
- for i := 1 to z.t do
" baegin L |
write(y, z.na(il, ' : ")
ba(a, z.kn(i]), 3):;

write(y, '-->"); ’ .
ba({a, z.ou(i), 1);

wys

end;

if z.m <> 0 then _
for 1 := z.mf + 1 to z.m + z.mf do
begin | |
write(y, z.na(i]l, ' :- ');
ba(a, z.kn(il, 3): 4
write(y, '->=>"); '
ba(a, z.oufil, 1):

WY,
end; Y e
if z.j <> 0 then . ()'
baegin ‘ )
ct := 0; _ _
st := z.mf + z.mm + 1; - S
" sr := z.nal(st); L

while (ct <= z.j) and (st <= z.mf + z.mml+ z.j) do



bagin
zst := z.na[stl;
write{y, zst, "~ : ");

write(y, ' : .t ");
while (sr = zst) do "’
begin _

write (y, o PR I

ba(a, z.kn([st], 1);

st ;¥ st + 17 .

ct = ct+ 1; ' -

if (st <= z.mf + z.mm + z.mjj'then
sr := z.na(st]; |
end; ' '
sr”:= zl nalst];
~zst := z.nalst];
write(y, ' _ S I
Wy |
end;
ehd; '
upln}
end; .
procedure ms (a, b : q;
. " wvar ¢ : q);
var

[N : [

i: w;
begin
c = 0;
for i := 1 to z.p do
if (bt(a, i)) and (not (bt(b, i))) then
sb(c, i, tt); o
and;
function un (tp : g} : bl;
var :
tpl : q; .
i w; , ' ‘ . ¥
begin >
un := ff;
for i := 1 to x do
if il(tp, dt([i]) then
begin . .
ms (tp, dt{i], tpl):



A

A
tp := tpl; .
end;.: .
if tp'= 0 then B ' -/‘\_
TR rm R 3 .......................
end; | ) : S
procedure db (vax x : W;- | ,
T ev Q) ' o -
- var .
£1 :"bl; e :
Xx : Str256; r
i, 3 : w; :
in 3 q 8
begin ;i :

Cox =17 ) s > ‘ '
for i := 1 to z.p do Y .
‘begin; ' ) :

ln := 0; ) K

if bt{cv, i) then

“*begin .
sb(ln, i, tt); X . éE:g:P ,
dt[x] := 1n; ' : ' 0

~

x = x + 1; T - :
end; ‘ ) T T ;fﬂif‘ _,J/’ﬁ
, end; ST e S
dt[x] := cmp({cv);
£1 2= tt; o S
whila £f1 do
baegin °°
fl = f£f;
for i := 1 to mvd do
for 3 := 1 to x do :
if (not (il(op{i], dt[3j]))) and (ir(dt([j], opl(i]) <> 0) and
(ir(dt(j], ip(il) = O) then

begin
x o= xot 1 _ e
 ms(dt(j), epill, delxv = |
ar(j) := ir(dte(jl, opl(i]);
£l := tt; , o : | ‘
end; .
end;
 and;



- procedure tr;
var
v, tp ! @
""""" %i,“c; d, PS, ct, nm, St : W;
sr, zst : $trl0;
baegin o
iz:=0;
v := 0; ;
ig'z.t <> 0 then
for ¢ := 1 to z.t do
for d := 1 to z.p do
if bt(z.oulc], d) then
begin . .
i =1+ 1;
sb(v, d, tt);
ip(i] := z.kn{cl; ,
op{i] := v; '

v = 0;
end; -
if z.m <> 0 then i
o  for c := 1 + z.mf to z.m + z.mf do
¥ . begin
- 5ﬁ i:=1+ 1; _
I ip(i]l := z.kn[c];
| opli] := z.ou{c];
gi end;
I+ if z.j <> 0 then
-+ bagin
. ct := 0; )
st := z.mf + z.mm + 17 | .

‘ps := st;
sr := z.nast};
- nm := 0;
while (ct <= z.3j) and (st <= z.mf + z.mm + z.]} do
bagin .
zst := z.na(st];
whilae sr =.zst do
~ begin
st := st + 1l;
ct :=ct + 1;
nm :=nm + 1;

7



if (st <= z.mf + z.mm + z.mj) then
.. sr := z.na[st); o .
" and; ‘
if nm = 2 then : o i
begin
i=1i+ 1; . '
ip[i] := ir(z.kn{psl, z.kn(ps + 1]);
ms{z.kn{ps], ip[i]l, oplil]l); !
if (ipl(i] = 0) or (op[i] = 0) then
i=1-1;
ps.:= ps + 2;

mm := 0;
end
else if nm = 3 then
begin -

wo(z.kn(ps + 1], z.kn[ps + 2], tp);

i =1+ 1; L

ip(i] := ir(z.kn[ps}, tp):

ms (z.kn[ps], ip(il, opl[il);

if “(ip[i] = 0) or (op[i] = 0) then
i =1 -1; )

wo(z.kn(psl], z.knips + 2], tp);

i:=1i+ 1; _

* ipli] := ir(z.kn(ps + 1], tp}:
ms (z.kn(ps + 1l ip(i]l, op{i]):
if (ip[i] = 0} or (op[i] = 0) then

i=4 - 1; |
uwo{z.kn(ps + 1], z.kn(ps], tp):
i::=1i+ 1;
ip(i] := ir(z.kn(ps + 2],*Ep);
ms(z.kn(ps + 21, ip(i], opl[i]);
if (ip({i}] = 0) er (op[il‘= 0) then

i =1 - 1;
ps = ps + 3;
nm := Q;
end; '
and;
and;
mvd = i; g
and;

function cl (a * q;



i w P g7
var
fl : bl; "y
lcl;-Cls, k, cvc : g
j, © : wW;
~. ~baegin
" els i= a;
icl :
if i = 0 then -
whila cls <> lcl do
begin
lcl := cls;
for ¢ := 1 to z.t do
if il(cls; z.kn(c]) then
enct (cls; z.oulcl);

end -
alsa . *;
begin - A
X := 0;

£l := ff; !
cve := cmp(cls);
.for c =1 té-z.p do
begin '
if bt(cvc, c) then
begin
sb(k, ¢, tt);
for j := 1 to x do

if k = dt{j] then’
fl := tt;
if £l = tt‘theg

for j := 1 to z.t do
if z.ou(j] = k then
cnct (cls, k)
and;
fl = ££;
k = 0;
end; '
end; .
cl := cls; )
end;
'procedura impl;



‘rar

1f, ty, xx : str256;

pl, t, i, e : w;
ex ::bl;

cv, tp, g, cls @ q;

begin:*
pl := pos('-', att);
ex := ff;

i=1;
M(196, 1);
end;
if i = 0 then
begin

1f := copy(att, 1, pl - 2);

ab(lf, cv);

delete(att, 1, pl - 1);
-ty := copy(att, 1, 3);
if ty = '-->' then

bagin
t = 0;

delete (att, 1, 4);

aend

@lsa if ty = "'->-'

bagin
£t :=1;

delete{att, 1, 5):;

end
elsa
bagin
i =.1;
M(196, 1);
end;
if i = 0 then
begin
.ab(att, rqg);
if £t = 0 then.
begin

if (z.m = 0) and (z.3

0) then



P bagin

cls := cl{cv,

ex := tt;
and

elsa

begin
db(x, cv};

if un(rg) then
for i := 1 to z.t do

bagin

ms{z.ou[i],

if il(tp,
ex := tt;
end;
end;

if ex = tt then

M(163, 0)

elsa

M(166, 0);
aend

alse if £t = 1 then

bagin
db(x, cv);
if un(rg) then
M(163, 0)
elsa
M({166, Q);
and;
cln;
end;
end;
ehd:
function Key (a, b
var
k : bl;
cls @ q;
- bagin
k := f£f;.
.cls := 0;

:a)

if (z.m = 0) and (z.j =

0);
if il{cls, rg) then

: bl;

0) then

’

z.kn(i), tp);
rg) then

.



begin
cls := cl(cv, 0);
if il(cls, rg) thef
ex := tt;
end
else
begin
db(x, cv);
ir un (rg) then
for i := 1 to z.t do
begin ‘
ms(z.oul[i]l, z.kn([i), tp):;
if il(tp, rg) then
ex = tt; ’
end;
and;
if ex = tt then
M(1l63, 0)
else
M{166, 0);
aend ‘
else if t = 1 then
bagin '
db(x, cv);
- if un(rg) then

M(163, O)
else
M(166, Q)
end;
cln; ’
end;
and;

and; .
function Key (a2, b : q) : bl;
var

if (z.m =;0) and (z.j = 0) then



cls := cl(a, 0)

ealse
:baegin
db(x, a);
¢ls := cl(a,. 1);
end;

if il(cls, b) and il(b, a)
k = tt;
key := k;
end;
procedure fkey (a @ q;
var'b : q):

ms(a, ul, u2};
ms(a, u2, al);
ba{att,.al, 1);
ba(att, 1l, 1);
ba{att, u2, 1);

for i := 1 to z.t do
if key(z.kn[i], al) then
bagin
fl := tt;

b := z.kn[i];
uo (b, u2, ¢);
ba{att, <, 1);
end;
iz= 0;
if not fl then .
whila (not fl) and (i <
bagin
iz i+ 1;
uo(b, z.kn[i}, <)’
b :=c; )
if key(b, al) then
begin '

tpen'

z.t) do

— sy
s .,
.



uo (u2, b, o) =
ba(att, ¢, 1);
T fl = ott;
end ;-
end;
if not fl then .

'wfiteln(y, 'The key is the relation scheme itﬁglf.');

and; ‘
function triv (a, b, ¢ : @ : bl;
var | e
tl, t2, t3 : bl;
d : g
i w;
baegin
£l := ff;
g2 =ttt
t3 =tk
-uo(a, b, d);
for i := 1 to z.p do 7
if not (bt(d, i) = bt(c, i)) then
t2 := ££; )
if not (il{a, b)) then
t3 = £f£f;
if t2 or t3 then
tl := tt;
triv := tl;

NS

end;

function tstd4nf (a : q) : bl;

var ' |
i w; ¢
tl : bl;

bagin ' .

-t1 = tr;

i=1;

whila (i <= mvd) and (tl = tt) do
begin :

 if il(a, ip[i]) and il{(a, op[il]) then

-~

if not .triv(ip[il, op(i], a) and not key(ip(il], a)

tl := ££f;
i:=1i+1;
end;

-

then



tst4nf := tl; . : o ' '
and; :

procedure dvd (sc : q;

' var rsc : qQ);

vaxr L
i w
stp : bl; .
d, ¢ : q S A
bagin !
stp := ff;
i =07 _
while (not stp) amnd (i <= z.t) do
bagip *

i:=14+1;
wo({z.kn([i), z.ouli], <):
if il({sc, c) then :
1f (mot (key(z.kn{i], sc))) and (mot (il(z.kn{i), z.éu[i]))) .
and (fd(i] <> 99) then :

bagin : ' <o
batatt, ¢, 1); i
writeln{y, 'Key : ')

ba(att, z.kn(i], 15;
C£d(i) := 99; -
stp := tt;
end;
end; L B
if not stp than ' ) 3
rsc := sc ' g
else
bagin -
ms (sc, z.ou(i], d); -
rsc := d;
end;
end;
procaedure gen3nf;
" war '
i, §-: wp -
. fn, ok : bl; |
s¢, -cp, sc¢l, ecls, ¢, p, d & q;
bagin '
pln;



m{22%, 0);

pln;

p := 0;

fn := £f; ' -
for ¥ := 1 to z.t do
bagin

wo({z.kn[i)], z.oulil, <) :
uwo(c, p, d):
p := d;
and;
cp = cmp(p)}
if ¢cp <> 0 then
ms (sc, cp, scl):
for i := 1 to z.t do
bagin
uwo(z.kn(i], z.ouli], ¢):
if ¢ = scl then
begin
ok = tt;
ba (att, scl, 0);
ba(att, scl, 1);
end;
end;
if not ok then
for i := 1 to z.t do
bagin
uo(z.kn[i], z.ouli), <):
fn := f£f;
for j := 1 to i do
if dtt3] = c then
fn := tt; '
~if fn then
S dt(i] := 0 -t
aelsa
de(i] = ¢;
end;
for'i := 1 to z.t do
if dt(i] <> 0 then
ba(att, dt[i], 1):
cln; ‘
pln;



end;
procedure genbcnf;
var )
ok : bl; _ ,
s¢, rsc : 49; .
S £
"bagin

for i -:='1 to 20 do
f£d[i]-:= 0;
pln; - »
rsc := 0;+ .

“ m(223, 0);~
pln;

S T uni; Lo ] .

ok := ff;

while not ok do ~) ,fﬁr
bagin . - )
dvd(sc, rsc);
if sc = rsc then
ok :=.tt;
sc := rsc;
end;‘
pln;
and; . _
function icl (i, k : w) i bl; -
var '

c oW
' begin

icl := tt;

for ¢ := 1 to z.p do

if (gm({c, i] = 1) and (gm(c, k] = 0} then
, "iecl = ff;
end; '
fﬁndtipn ze (1 : w) : bl;
vaxr .
baegin \ ‘ t

zc = tt;
for ¢ := 1 t6 z.p do
if gmfec, i] <> 0 then
zc = ff;



(W)

r

.-ond; ¢ f : jb
w);

procaedurae-gr2 {j <
_var )

i, ct, k, P:_PS . w?

begin .

H

joi=3 -1
fl :=.ff;

£11 := £f;
f12 :=-ff;

zm := ff; ' T
whila not 11;353_39t/2m do
begin L

for i-:= 1 to j do
for k := 1 to j do
if i <> k then

if icl(i, k) and not zc(i)
. bagin :
* fll := tt;

gm{p, i) i= 0;
end; R
‘for 1 := 1 to.z.p do
begin
ct := 0;
for k := 1 to j do

if gm(i, k] = 1 then

begin ‘
ct = ct + 1;
ps := k; ’
end; ‘
if ct = 1 then
baegin g
fl12 :=-tt; )
gm{i, ps] := 0; A
end; :
end;

£l := tt;

if f1} or f12 then
£l := ff

‘alse

for pﬂzﬁjgéquz.g do -

then



fl := tt;
fl1l1 := ff;
£12 - := f£f;
zm := te?

‘for-i := 1 to z.p do
‘for k := 1 to j &®
if gm{i, k] <> 0 then
zm := ff;
end;
Zm = tt; _
for i := 1 to z.p do.
. for,.k =1 to j de-
if gmii, k] <> 0 then
' Zm = ff;
if zm then
~ m(247, 0)
alse
m (250, 0);
pln; o
-for i := 1 to z.p do T
for k := 1 to j do-
gm({i, k] := 0;
end; ‘ e
procaedura gr;
var g )
i, j, ct, st.: w;
sr, zst : strl0;
a : str256;
begin
pln; SN
m{220, 0);
plin; :
- if z.5 <> -0 then
begin
ct = 0; - .
st:=zﬁm+-Lmn+l;
sr := z.nalstl; .
while (¢t <= z.j) and (st <=
bag%p ‘ )
zst = z.na(st];
m{133, 0);

3

.-
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R



-

\- B

s " writely, zst, ', i ');
‘. write(y, ' { ');
I BT
N.while (sr
begin
‘writely, ' . :
ba(a, z.kn(st], 1}; o
for i := 1 to z.p do

r

zst) ‘do

if bt(z.kn([st], i) thea N

gmii, jl.:=1
alse '
gm[i, 3] == 0Q;
st := st + 1;
ct = ct + 1;
if (st <= z.mf + z.mm
sr := z.nafst];
j o= 3 + 1;
aend;
sr := z.na(st];
. .zst := z.na(st};
'qﬁite(yp !
Wy
‘gr2(3j):
and;
end; i
end; g
procedura dv (vazr a : q;
var bfr.q)i .

-

var :
i w; =
c t%: é: -
N\ bl;

begin
i =71; 7
ck := ff;

boéin_ 3 .
if il(a, ip{i}) and il(a,
if not triv(ip(i]/ op{i]
-baegin v
uo (ip(i}, op(il,: b);

&

while (not ok) and (i <= mvd) do

-

+ z.m3j) then

‘\
?

-~

1

‘6p{i}) then

, a) and not key(ip[i],‘a) then

]

“



v

ms{a, b, <¢);
wolc, ipl[i]l, a):

ok := tt;
end;
izx»=13i+1;
end; C

end;
procedure "gendnf;
var
.. f1, £2, ok : bl;
sc, rsc ! g;
bagin '
sc := uni;
rsc := 0;
pln; )
-m({226, 0):
pln; '
£l = £f;
2 := ff;
ok := ff;
while not ok do
begin -
dv(sc, rsc);
if tst4nf(sc) then
begin '
£l ::=.tt;
ba(att, sc, 1);
and;
if tst4nf(rsc) then
begin
T f2 i= tt;
ba(att, rsc, 1);
end;
if f1 and f2 then
.ok = Lty v
if f1 than
SC := rsc;
and; o
pln; °

" and;

procedure handlemenu;



. var
i, j : ws
a : str25e6;
begin
case WInLineF ($A86A, nm) of
.. 100 : -
case WInLineF ($A86B, nm) of

1l :
hideall;
2
pdb;
3
begin
M(73, 1);
readln(att);
sv := ff;
if att = 'y' then
SV := tt;
M(82, 1);

readin(att);
done := tt; -
if att = 'y' then
*  nomore := tt;
end;
4 :
bagin
M(1, 1}:
readln () ;
case n of

1
M(7, 1),
2 : )
._M(28, 1)
3 s . :
m(34, 1); \
otherwise
M(100, 1);
‘ end;
end;’
end;

102
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‘case WInLineF (5AB6B, nm) of
1l :
bagin
M(49, 1);
readln (att);
M(91, O); .
writeln(y, att);
M(175, 0):
impl;
pln;
end;
2 .
_ begin
M(55, 1};
M(85, 0);
readln(att); .
_writeln(y, att);
M(175, 0);
ab(att, cv);
do(x, cv}; : &
if (z.m = 0) and (z.3j = 0) then
clos := cl{cv, Q)
elsea _
clos := cl(cv, 1);
ba{att, clos, 0):
ba(att, clos, 1);
pln;
M(aaf 0);
M(175, Q)
for i := 1 to x do
" for j := 1 to z.p do
"if bt(dt[i], Jj) then’
‘z.token[-j, 11 := 1i;
for 1 := 1 to x do
begin
write(y, '>.");
‘pa(a, dtf{il, 1);
)

bg(a, at(il, 0'

—

end;
- pln; -
cln;

~

5



end;
3:
begin . .
m(232, 1);
readln(n);
case n of
1 -
begin
m{7Q, 1);
readln (att);
if att = 'universe'
;-'- cv- := uni '
else ‘ 3
ab{att, cv);
m(73,.1); - '
.readln(atl);
ab{atl, cvl); ,
writeln(y, 'Testing whether

than )

the set of attributes (',

if key(cvl,
m(16%, 0)
elsa )
m(l72,
cln;
. . pln;
’ and;
2 :
begin
‘m(70, 1);
adln(att);
if att =
cv =
_ ‘ alse
- . ab (att,
" m(67, 0);
writeln(y,
m{175, 0);
fkey{cv, cwl}; | ?
.cln; '
plin;
-~ . end;

cv) then

0):

'universe' then

uni
cv);

attl;

(', atl,

att, !

i

")
YY) :

is a key of

‘.t}



end;
" end;
q :
begin
M(13, 1):
readln(n);
caselﬁ of
1: e
mg22, 1):¥
"2
M(IG, 1};
. 3:
M(10, 1)/
4 .
M(25, 1)
otherwise
M(103, 1}
"end; '
end;
end; .
101 : = -9
_ case WInLineF ($A86B, nm) of
1o .
gen3nf;
2 :
3
genbent;
g s
_ begin
m(70, 1);
m(199, 0):
~readln(att); Tw7\\
writeln(y, att);
ab(att, cv); -
if tstd4nf(cv) then
m{l69, '0) ~
'alsa
‘m(172, 0);
pln; "
aend;

7
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5 :
gen4nf:
6 : '
gr;
7 s
bagin
m(202, 1)
readln(n);
case n of
1: Lot
m(214, 1);
2
m(235, 1); -—
3 :
m(208, 1);
4 ; - .
m(217, Q-
s ¢ :
‘m(211, 1);
6 :
m{244, 1l};
otherwisae
m(205, 1);
and;
end;
end;
103 ' -
case WInlLineF (SA86B, nm) of
1
PRV
3
4, ' -
begin
m(37, 1);
readln(n);
-case n of .
1
m{(40, 1); "

’




2 :

m(43, 1);
3
‘m(GlI 1); -
) - otherwise
- m(109, 1);
end; '
end;
L end;
/ otherwise
and;
end; (*proc*)
begin ‘

rewrite(y, 'printer:'): _

write(y, chr(27), 'c', chr(27), 'p");

write(y, chr(29), 'A@');

for delay := 1 to 58 do-
write(y, '@@");

write (y,  'CRGRRREREREERERERRAEERAE’, chr(SQ)):

psz := 10;"
o tsz := 8;
nomore := ff;
nt := {f;
fir := ff;
rec := £f;

"

om := 999999;

cr ("WELCOME TO G L O R D
» (for delay := 1 to 3000 do

H -
N\ init;
' hideall;
while nomore = ff do
- bagin »
done := ff; el
open (msgvar, 'msgsII');
T mt = Mmsgvar?; -
\h-jL;/,/'clqse(msgvar);' o
pmp := ' database file :';

dbfile := oldfilename (pmp);
open(dbvar,_dbfile); '

[

—

v



z := dbvar”®;
close {dbvar);
tr; .
pln; ' J B
M{178, 0): - ’ . N\
pln;’ :
wy; |
writeln(y, 'Given: the database is: ', dbfile);
pln; A |
uni := 0;
ul := 0;
for n :=1 to z.p do
sb(uni, n, tt);

for n:=1to z.t do
"for dy := 1 to zip do

if bt(z.kn([n], dy) then -

sb(ul, dy, tt) .

elsa if bt(z.ou[n], dy) then

sb{ul, dy, tt):;
rapeat

if testmouse (ib) then

begin - ' o | # .
if ib then | _ | i

begin
S fir =ty -~

om := LinLineF{$A93D, ev.wr);
end;

-~

nm := om} | - : G
Handlemenu; ' .
and; -
until done; S
M(181, 0);
pln; '
if sv then : -
begin
open {dbvar, dbfile); v
dbvar® := z; :
‘ put (dbvar)
' close(dbvar) ;
end; ," s
_end; -




close (y);"{

InlineP ($A932, sm);

InLineP ($A93C, OldMenuBar);
InLineP ($AS837);

scr(' . BYE');

. and.

RV
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