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Abstra t

People working with relations and graphs very often use a greater or smaller example
and manipulate it with pen il and paper in order to prove or disprove some property or
to obtain an impression how a ertain algorithm works. For supporting su h a task by
ma hine, the RELVIEW system has been onstru ted. This report is intended as a user's
and programmer's guide for RELVIEW. But it informs also about relational algebra, the
theoreti al ba kground behind the system.
 WWW:

http://www.informatik.uni-kiel.de/eprogsys/relview.html
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1 Introdu tion
The al ulus of binary relations has its roots in the se ond half of the 19th entury with
the pioneering work of A. de Morgan, C.S. Peir e, and E. S hroder. The modern algebrai
development of binary relations starts with to A. Tarski and his o-workers, see [22, 8, 16℄.
In the last two de ades relational algebra has been a epted by many mathemati ians and
omputer s ientists as a onvenient formalism for des ribing fundamental on epts of, e.g.,
graphs, ombinatori s, latti es, games, and Computer S ien e (like relational semanti s,
program orre tness, and data bases).
Relational algebra has a xed and surprisingly small set of operations. On nite arriers, all operations easily an be implemented, and, thus, a omputer system supporting
relational omputations easily an be implemented, too. Su h omputations may be used
for onstru ting examples and ounter examples to prove resp. disprove a property, or
for obtaining an impression how a ertain relation-algorithmi algorithm works. In this
paper we des ribe su h a relation-based omputer system for visualization, analysis, and
manipulation of dis rete stru tures, alled RELVIEW. Written in the C programming
language, it runs under X windows and makes full use of the graphi al user interfa e.
Currently the system is used in about 30 installations all over the world.
In RELVIEW all data are represented as binary relations, whi h the system visualizes
in two di erent ways. For homogeneous relations, RELVIEW o ers a representation as
dire ted graphs, in luding several di erent algorithms for pretty-printing. As an alternative, an arbitrary relation may be displayed on the s reen as a Boolean matrix. This is
often very useful for visual editing and also for dis overing various stru tural properties
that are not evident from the graph representation. The RELVIEW system an manage as many graphs and matri es simultaneously as memory allows and the user may
manipulate and analyse the relations behind these obje ts by ombining them with the
operators of relational algebra. The elementary operations an be a essed through simple mouse- li k, but they an also be ombined into relational expressions, mappings, and
imperative programs. Relations and graphs an be stored. Fun tions and programs an
be stored as well and applied to many sets of input data. Frequently, RELVIEW is used
for prototyping. Then the system often works on large obje ts, e.g., if a membership
relation or another higher-order obje t appears during a omputation (see [5, 6℄). For
that reason, it uses a very eÆ ient and sophisti ated internal representation of relations
as well as very eÆ ient implementations of the relational basi operations.
The rst versions of RELVIEW have been written at the University of the German
For es Muni h from 1988 until 1992; see [1, 3, 4℄. Based on the experien es with the
Muni h system, in the last three years RELVIEW was redesigned and extended at Kiel
University, and now Kiel University is responsible for the further development. This do ument gives a des ription of the present RELVIEW version 6.2, in lusive a user's manual
and some implementation details, and informs also about the theoreti al ba kground.
Con retely, it is organized as follows. In Se tion 2, we present the basi on epts of relational algebra whi h are ne essary for advan ed working with RELVIEW. Se tion 3 deals
with the system. Firstly, we give an overview. Then we des ribe the system's graphi al
user interfa e, i.e., the windows and ommand buttons, in detail. Next, we fo us our
attention to omputations using relational expressions and programs. After that, we de3

s ribe the labeling me hanism of RELVIEW. And, nally, we deal with some mis ellaneous
topi s like the on guration of the system, the use of a start-up le, and the installation
of RELVIEW on a host system. Se tion 4 demonstrates the use of RELVIEW by means
of some examples. We onsider a latti e-theoreti appli ation, solve some problems on
Petri nets, and deal also with graph-theoreti algorithms. We on lude the do ument
with some remarks on future work on RELVIEW.
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2 Relation-Algebrai Preliminaries
RELVIEW is a omputer system for the manipulation of relations, more general, for
relational programming. Therefore, it is ne essary to know about the basi on epts of
this eld to be able to work with. In this se tion we give a short introdu tion to relational
algebra. For more details on erning the algebrai theory of relations, see e.g., [8, 16, 21℄.

2.1 Axiomati Relational Algebra
A typed relation R : X $ Y onsists of a domain X , a range Y and a set R  X  Y . X

and Y are also alled the arrier sets of R. The set of all (typed) relations with domain X
and range Y is denoted by [X $ Y ℄. When the type of a relation is lear, we abbreviate
R : X $ Y to R. If the sets X and Y are nite and of ardinality m and n, respe tively,
then we may onsider R as a Boolean matrix with m rows and n olumns. Sin e this
Boolean matrix interpretation is well suited for a graphi al representation, and also used
in RELVIEW, we use matrix notation and write Rxy instead of (x; y) 2 R.
We assume the reader to be familiar with the basi operations on relations, viz. RT
(transposition, onversion), R (negation, omplement), R [ S (join, union), R \ S (meet,
interse tion), R  S ( omposition, multipli ation; often abbreviated by R S ), R  S (in lusion), and the spe ial relations O (empty relation), L (universal relation), and I (identity
relation). The set-theoreti operations , [, \, the ordering , and the onstants O
and L form a Boolean latti e. Some further well-known rules on erning relations are, for
instan e,
TT = R
T
T
R
R  S =) R  S
T
(R S )T = S T R T
RT = R
R  S =) Q R  Q S
R  S =) R Q  S Q
Q (R \ S )  Q R \ Q S
Q (R [ S ) = Q R [ Q S
T
(R \ S ) = R T \ S T
(R [ S )T = RT [ S T ;
where the last two lines also hold ifTbinary meet and join are repla ed by arbitraryS meet
(greatest lower bound, denoted by i Ri) and join (least upper bound, denoted by i Ri).
The theoreti al framework for all these rules to hold is that of an (axiomati ) relational
algebra. As onstants and operations of this abstra t algebrai stru ture we have those
of on rete (i.e., set-theoreti ) relations. The axioms of relational algebra are
1. the axioms of a omplete Boolean latti e for negation, join, meet, the ordering, and
the empty and universal relation,
2. the axioms of a monoid for omposition and the identity relation,
3. the so- alled Dedekind rule
T
T
Q R \ S  (Q \ S R ) (R \ Q S ) ;
4. and the so- alled Tarski rule
R

6= O () L R L = L :
5

Usually, in the latter rule only the \=)" dire tion is demanded. As an immediate onsequen e of our version of the Tarski rule, we avoid the degenerate ase O = L like [22℄
does. The inequation O 6= L implies that in our approa h domain X and range Y of a
on rete relation R : X $ Y are non-empty. This is very helpful for de ning properties
on relations in a omponent-free manner (see below) and also agrees exa tly with the
pra ti al use of relations.
From the Dedekind rule we obtain the so- alled S hroder equivalen es (also known as
\Theorem K" of A. de Morgan), viz.
QR

 S ()

T

Q

S

 R ()

S R

T

Q

whi h are in fa t equivalent with the Dedekind rule.

2.2 Some Spe i

Classes of Relations

The basi operations and onstants mentioned in Se tion 2.1 are very helpful for de ning
simple properties on relations. In the following, we onsider some well-known lasses
of relations and de ne them in a omponent-free manner. Corresponding tests are also
implemented in the RELVIEW system.
2.2.1 Orderings and Equivalen es

X $ X , i.e., a relation for whi h domain and range oin ide, is alled
Without referen e to domain and range we have that R is homogeneous
if and only if the produ t R R is de ned. In the Boolean matrix model of relations, a
homogeneous relation is quadrati .
Two important lasses of homogeneous relations are the following: A relation R is said
to be re exive if I  R, transitive if R R  R, and antisymmetri if R \ RT  I. By
a partial ordering we mean a re exive, antisymmetri , and transitive relation. Another
important lass of homogeneous relations are equivalen e relations whi h are re exive,
transitive and symmetri , where the latter property holds for R if R  RT.

A relation R :

homogeneous .

2.2.2 Mappings, Homomorphisms, and Isomorphisms

An arbitrary (also alled heterogeneous ) relation R : X $ Y is said to be a partial mapping
or, brie y, to be univalent if RT R  I, and R is said to be total if R L = L, whi h is, in
turn, equivalent to I  R RT . For a univalent relation Q we have the distributivity law
Q (R \ S ) = Q R \ Q S ; where we are also allowed to repla e binary meet by arbitrary
meet. As usual, a univalent and total relation is said to be a (total) mapping . A relation
T
T
R is alled inje tive if R is univalent and surje tive if R is total. An inje tive and
surje tive relation is said to be bije tive .
Let R : X $ Y and S : X $ Y be two relations and onsider a pair H = (; ) of
mappings  : X $ X and : Y $ Y . The pair H is alled a homomorphism from R
to S if R   S T holds. If, in addition, the pair HT = (T ; T) is a homomorphism
from S to R, then H is said to be an isomorphism between R and S . Therefore, an
isomorphism I = (; ) between R and S is a pair of bije tive mappings  : X $ X and
1

1

1

2

2

2

1

2

1

6

2

: Y $ Y , whi h satis es the ondition R =  S . If R and S are homogeneous, then
 is brie y alled a homomorphism (isomorphism) if the pair (; ) is a homomorphism
(isomorphism).
1

2

2.2.3 Des ription of Sets

Relational algebra o ers di erent ways of des ribing the subsets of a given set. In the
following, we onsider two representations.
The rst representation uses ve tors , i.e., relations v : X $ Y with v = v L. This
ondition means: Whatever set Z and universal relation L : Y $ Z we hoose, an
element x from X is either in relation v L to none of the elements of Z or to all elements
of Z . As for a ve tor v : X $ Y the range Y is irrelevant, we onsider in the following
almost only ve tors v : X $ 1 with a spe i singleton set 1 as range and omit the se ond
subs ript. Su h a ve tor an be onsidered as a Boolean matrix with exa tly one olumn,
i.e., as a Boolean olumn ve tor, and des ribes the subset fx 2 X : vxg of X . In the
literature, for R : X $ Y also the ve tor R L : X $ 1 is alled the domain of R.
A ve tor v is said to be a point if it is inje tive and surje tive. For v : X $ 1 these
properties mean that it des ribes a singleton set, i.e., an element of X . In the Boolean
matrix model, hen e a point is a Boolean olumn ve tor in whi h exa tly one omponent
is true.
Instead of ve tors, we an use inje tive embedding mappings as a se ond way for representing subsets of a given set. Given an inje tive mapping { : Y $ X , we all Y a
subset of X given by {. If Y is a subset of X given by {, then the ve tor {T L : X $ 1,
where L : Y $ 1, des ribes Y in the above sense. Clearly, the transition in the other
dire tion, i.e., the onstru tion of an inje tive mapping inj(v) : Y $ X from a given
ve tor v : X $ 1 des ribing Y , is also possible. In this ase we have
(I ) inj(v) is inje tive mapping
1

(I )
2

v

= inj(v)T L :

It an easily be shown that these laws determine inj(v) up to isomorphism. Namely, if
v : X $ 1 and v : X $ 1 are ve tors des ribing a subset Y of X resp. Y of
X and, furthermore,
: X $ X is a bije tive mapping, then I = (; ), where
 = inj(v ) inj(v )T de nes a bije tive mapping  : Y $ Y , is an isomorphism between
inj(v ) and inj(v ).
In ombination with the set-theoreti membership relation (the relation-level equivalent
of the meta-level symbol \2") " : X $ 2X , de ned by "xs if and only if x 2 s, inje tive
mappings an be used to enumerate sets of sets. More spe i ally, if the ve tor v : 2X $ 1
des ribes a subset S of the powerset 2X , then it is straightforward to ompute an inje tion
inj(v) :TS $ 2X , from whi h we obtain the elements of S as the olumns of the relation
" inj(v ) : X $ S : If X is nite, this leads to an e onomi representation of S by a
Boolean matrix with jX j rows and jSj olumns.
1

1

2

2

2

1

1

1

1

1

2

2

2

1

2

2

2.3 Some Spe i

Fun tions on Relations

In this subse tion, we onsider some spe ial fun tions (in the everyday's sense) from
relations to relations. Sometimes, they are also alled operations . The fun tions we will
7

present in the following are introdu ed in terms of the basi operations and, thus, in most
ases they are only partially de ned. As we will see later on, all fun tions easily an be
omputed using the RELVIEW system.
2.3.1 Closures

Let R : X $ X be a homogeneous relation. The re exive losure of R, i.e., the least
re exive relation ontaining R, simply omputes to R [ I. The least transitive relation ontaining R is alled the transitive losure of R and denoted by R , while the
least re exive and transitive relation ontaining R is alled the re exive-transitive losure of R and denoted by R . Using the xed point theorems for monotone resp.
S [ontinuousSfun tions on omplete latti es, we obtain the representations R = i Ri
and R = i Ri : The transitive and re exive-transitive losure are linked together by
the equations R = R R = R R and R = I [ R .
+

+

0

+

1

+

2.3.2 Residuals and Symmetri Quotients

Residuals are the greatest solutions of ertain in lusions. The left residual of S over R (in
symbols S = R) is the greatest relation X su h that X R  S and the right residual of S
over R (in symbols R n S ) is the greatest relation X su h that R X  S . We will also need
relations whi h are left and right residuals simultaneously, viz. symmetri quotients . The
symmetri quotient syq(R; S ) of two relations R and S is de ned as the greatest relation
T
T
X su h that R X  S and X S  R . In terms of the basi operations we have
S = R = S RT
R n S = RT S
as representations for the left residual resp. right residual and
syq(R; S ) = (R n S ) \ (RT = S T)
as representation for the symmetri quotient. The left residual is only de ned if both
relations have the same range and the right residual and the symmetri quotient are only
de ned if both relations have the same domain. Translating the two equations for the
residuals into omponent-wise predi ate logi notation yields
(S = R)yx () 8 z Rxz ! Syz
(R n S )xy () 8 z Rzx ! Szy :
In parti ular, for S : Y $ Z and R : Z $ X , a universal relation L : 1 $ Z , and an
empty ve tor O : Z $ 1 we obtain the two orresponden es
(S = L)y () 8 z Syz
( R n O)x () 8 z Rzx
for single rst-order universal quanti ation. And, nally, in omponent-wise notation
the symmetri quotient satis es the equivalen e
syq(R; S )xy () 8 z Rzx $ Szy :
If we onsider this for the spe ial ase where R is a membership relation " : X $ 2X and
X
S is a ve tor v : X $ 1, then the type of syq("; v ) is [2 $ 1℄ and for ea h set Y from
X
2 we have syq("; v)Y if and only if 8 z z 2 Y $ vz : Hen e, syq("; v) : 2X $ 1 is exa tly
the point in the powerset orresponding to the ve tor v.
8

2.3.3 Choi e Operations

In the Boolean matrix model of relations underlying the RELVIEW system the so- alled
point axiom [21℄ holds, saying that for every non-empty relation R there exist two points
T
p and q su h that p q  R. In the spe ial ase of a non-empty ve tor v : X $ 1 from
the point axiom we obtain the existen e of a point p : X $ 1 ontained in v. The
hoi e of an element (expressed by a point p) from a non-empty ve tor (set) or of an
ordered pair (expressed by the omposition p qT of points p, q) from a non-empty relation
is fundamental for programming relational algorithms and, therefore, also in luded in the
language of the RELVIEW system.
Our axiomatization of the hoi e point(v) whi h sele ts an element from a non-empty
ve tor v is given by
(E ) point(v)  v
(E ) point(v) is point :
In the Boolean matrix model of relations, every relation ontaining exa tly one ordered
pair (x; y) is an atom in the latti e-theoreti sense. Therefore, we have de ided to denote
the hoi e of an ordered pair from a non-empty relation R by atom(R). The axioms whi h
hara terize this hoi e operation are
(A ) atom(R)  R
(A ) atom(R) L is point
(A ) atom(R)T L is point :
In the Boolean matrix model of relations, the appli ation atom(R) yields a Boolean matrix
in whi h exa tly one entry is true. Note that the types of v and point(v) as well as of R
and atom(R) oin ide.
1

2

1

2

3

2.3.4 Generation of Finite Carrier Sets

The RELVIEW system deals only with relations with nite domain and range. Hen e,
we are allowed to assume that every arrier set X = fx ; : : : ; xng of a relation of the
workspa e of RELVIEW is nitely generated by the spe i (initial) element x and a
partial su essor fun tion mapping xi to xi for all i, 1  i  n 1. Like the hoi e of an
element from a non-empty ve tor respe tively an ordered pair from a non-empty relation,
also the exhaustion of nitely generated arrier sets using an initial element and a partial
su essor operation is fundamental for programming relational algorithms. Therefore,
orresponding onstru tions are in luded in the language of RELVIEW.
If we des ribe the initial element of X and the partial su essor fun tion on X in
relation-algebrai terms, then this means that we have a point init : X $ 1 and a relation
su : X $ X su h that the properties
(G ) su is univalent, inje tive
(G ) su T L  init
(G ) (su T) init = L
hold. The se ond formula says that the point init is not a su essor. If we de ne a partial
\next point fun tion" by next(x) = su T x, then the third axiom expresses the fa t that
every point p : X $ 1 an be obtained from init by nitely many appli ations of next. Our
axiomatization of the pair (init; su ) of initial point and univalent and inje tive su essor
relation by (G ) through (G ) is a variant of the relational version of the well-known
Peano axioms for natural numbers given in [2℄.
1

1

+1

1

2

1

3

3
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2.3.5 Truth Values and Tests
Using the only two relations O : 1 $ 1 and L : 1 $ 1 on the singleton set 1 as the truth

values (Booleans), it is even possible to test properties of relations. The most important
test is relational in lusion R  S whi h is, for R : X $ Y and S : X $ Y of the
same type, de ned by the rst-order formula 8 x; y Rxy ! Sxy . By the rules of universal
quanti ation and the propositional fa t that p ! q is equivalent to :p _ q we get that
R  S if and only if ((R \ S ) L) n O = L with ve tors O : X $ 1 and L : Y $ 1. See
also [5℄.
Therefore, we an integrate the test on in lusion as an operation in l, where the truth
value in l(R; S ) : 1 $ 1 is de ned by

in l(R; S ) = ((R \ S ) L) n O :
Further relational properties onsisting of in lusions, su h as equality, univalen ity, totality, surje tivity, inje tivity, transitivity, re exivity, antisymmetry, and many others, an
then easily be reformulated in terms of in l sin e, learly, the propositional onne tives
dire tly orrespond to the Boolean operations on relations.

2.4 Relational Domain Constru tions

Domains are used, for instan e, in denotational semanti s or mathemati al logi to interpret types, and usually onstru ted step be step starting from primitive domains. Su h
onstru tions an also be des ribed with relational means. In the following, we des ribe
some important domain onstru tions whi h also are implemented in the RELVIEW system. Note that these onstru tions may or may not exist in an arbitrary model of abstra t
relational algebra. However, this problem does not o ur in the ase of the Boolean matrix
model of on rete relations underlying RELVIEW.
2.4.1 Binary Dire t Produ t

Within the framework of abstra t relational algebra it is natural to hara terize dire t
produ ts by means of the natural proje tions, see [21, 28℄. Then one obtains the following
spe i ation: We all a pair i : PX $ Xi, 1  i  2, a (binary) dire t produ t if
(P )
(P )

T

1

1

3

1 1

1

T

=I

\

2

2

T

(P )
(P )

=I

2

2

T

4

1

T

2
2

=I
= L:

It is easy to verify that the natural proje tions from a Cartesian produ t X  X to the
omponents Xi are a model of (P ) through (P ) if the pla eholder PX is repla ed by
X  X . By purely relation-algebrai reasoning, furthermore, it an be shown that the
dire t produ t is uniquely hara terized up to isomorphism: Let i : PY $ Yi, 1  i  2,
be another model of the above axioms and assume a pair i : Xi $ Yi, 1  i  2, of
bije tive mappings. Then, for ea h i; 1  i  2, we an establish an isomorphism between
T \
T de nes a bije tive
i and i by the pair Ii = (; i ), where  = 


mapping  : PX $ PY .
1

1

1

4

2

1
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1

1

2

2

2

2

Based on two tting binary dire t produ ts ( ;  ) and ( ;  ) we de ne the following
two operations, alled tupling (or fork ) resp. parallel omposition :
1

[R; S ℄ = R  T \ S  T
1

R

2

2

1

jS=

1

R 1

T

2

\

2

S 2

T

:

If R and S are partial orderings, then also their parallel omposition R j S is a partial
ordering, alled produ t ordering .
2.4.2 Binary Dire t Sum

The dire t sum (or disjoint union) an be de ned in largely the same fashion as the dire t
produ t. Dually to the natural proje tions the natural inje tions are used, see [28℄. Then
one obtains the following spe i ation: We all a pair {i : Xi $ SX , 1  i  2, a (binary)
dire t sum if
(S ) { { T = I
(S ) { { T = I
(S ) { T { [ { T { = I
(S ) { { T = O :
Given sets Xi, 1  i  2, it is easy to verify that the inje tions from these sets to the
dire t sum X + X (repla ing the pla eholder SX ) are a model of (S ) through (S ).
Again by purely relation-algebrai reasoning it an be shown that by the laws the dire t
sum is uniquely hara terized up to isomorphism. Namely, if i : Yi $ SY , 1  i  2,
is another dire t sum and we have two bije tive mappings i : Xi $ Yi, 1  i  2, then
for ea h i; 1  i  2, the pair Ii = (i ; ) is an isomorphism between {i and i , where
= { T   [ { T   de nes again a bije tive mapping : SX $ SY :
Dually to tupling and parallel omposition, we have in the ase of two dire t sums
({ ; { ) and ( ;  ) the following operations:
1

1

1

2

1

1

1 1

3

1

1

2

2

2

2 2

4

1 2

2

2

1

1

1

2

4

2

2

R

+S = { TR[{ TS
1

2

B(R; S ) = { T R  [ { T S 
1

1

2

2

:

Sin e dire t sums are not used as mu h as dire t produ ts, in the literature one nds
not xed names for these operations. We all R + S the relational sum of R and S .
If R and S are partial orderings, then also B(R; S ) is a partial ordering, whi h we all
sum ordering . Our notation using B omes from the fa t, that for a bipartite graph
B = (X; Y; R; S ) with relations R : X $ Y and S : Y $ X an appli ation of B yields the
orresponding \ordinary" graph G = (V; B ) with node set V = X + Y and homogeneous
relation B = B(R; S ) on V .
2.4.3 Membership and Powersets

A relation-algebrai hara terization of the powerset 2X of a set X an onveniently be
done using the set-theoreti membership relation indu ed in the se tion on the des ription
of sets. Formally, we all a relation " : X $ PX a powerset relation if
(M ) syq("; ")  I
1

(M ) 8 R (L syq("; R) = L) :
2

In the on rete ase of a membership relation " : X $ 2X the rst axiom orresponds
to the extensionality axiom saying that sets are equal if and only if they ontain the
same elements, whereas the se ond axiom orresponds to the set omprehension prin iple
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sin e it says that every ve tor v : X $ 1 (representing a subset of X ) has a orresponding point syq("; v) : 2X $ 1 (i.e., an element) in the powerset. This shows that the
usual membership relation is a powerset relation. The fun tion v 7! syq("; v) is inje tive
and its left-inverse on points is p 7! " p. Hen e, these fun tions establish some kind of
isomorphism between subsets of X and elements of 2X .
Sin e every relation-algebrai equation using " is translated into a formula with higherorder quanti ation, in axiom (M ) the higher-order quanti ation (over relations) does
not surprise. Again it an be shown by purely relation-algebrai reasoning that the
powerset relation is uniquely hara terized up to isomorphism. Indeed, if "0 : Y $ PY is
another powerset relation,  : X $ Y is a bije tive mapping, and one de nes the bije tive
mapping : PX $ PY by = syq(";  "0) ; then I = (; ) is an isomorphism between
0
" and " .
2

2.4.4 Domains of Partial and Total Mappings

We onsider the set Y X of the partial mappings from X to Y to be a subset of the set 2X Y
of all relations from X to Y . Let  : X  Y $ X and  : X  Y $ Y be the proje tions
from X  Y to X and Y , respe tively. We demand the point syq("; v) : 2X Y $ 1 to be
ontained in Y X if and only if the ve tor v : X  Y $ 1 des ribes a partial mapping as
subset of X  Y in the usual set-theoreti sense.
Using a relation-algebrai notation, the usual set-theoreti de nition that (x ; y ) 2 v
and (x ; y ) 2 v and  (x ; y ) =  (x ; y ) implies  (x ; y ) =  (x ; y ) for all pairs
(x ; y ) and (x ; y ) be omes the in lusion v vT \   T    T. This leads to the
following axiomatization of the domain ( ;  ; "F ) of the partial mappings whi h is a
re nement of the above axioms of the powerset.
1

2

1

2

1

1

2

1

2

1

1

1

2

2

2

2

1

1

1

1

1

2

2

2

1

2

2

2

(F ) ( ;  ) is dire t produ t in the sense of 2.4.1
(F ) syq("F ; "F )  I
(F ) 8 R (L syq("F ; R) = L $ R RT \   T    T) :
1

1

2

2

3

1

1

2

2

Note that in the set-theoreti standard model of partial mappings "F : X  Y $ Y X is a
membership relation.
The equation vT  = L expresses the fa t that the ve tor v : X  Y $ 1 des ribes a
subset of X  Y whi h is a total relation in the set-theoreti sense. Hen e, to hara terize
the domain of total mappings by a triple ( ;  ; "F ) only the right-hand side of the
equivalen e in (F ) must be ompleted by \^ RT  = L". For details, see [1, 28℄.
1

1

3

2

1

12

3 The RELVIEW System
After giving a short overview of the stru ture of the system, we des ribe the graphi al
user interfa e in the Se tions 3.2 to 3.11. The syntax of relational identi ers, expressions,
fun tions, and programs is presented in the Se tions 3.12 to 3.17. Se tion 3.18 deals with
the labeling me hanism and Se tion 3.19 gives some on guration and installation hints.

3.1 General Stru ture of the System

The general stru ture of the RELVIEW system an be illustrated as follows:
*.xrv

*.prog

Definitions

Load/Save

Load

Workspace
Domains

Relations
&

Relational
Programs

Global
Functions

Graphs

Term

Result
Evaluation/Execution

Relation
Select/Change

Graph

1

Node_1

Row_3

2

Row_5

3

Editors

Load

Print

*.label

*.eps
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Roughly spoken, the system onsists of three omponents: The \workspa e" holds relations and graphs, de nitions of relational domains, global fun tions, and relational programs. The se ond omponent is the evaluation resp. exe ution unit. A relational term
entered by the user is evaluated based on the obje ts ontained in the workspa e. The
result, a relation, is written ba k to the workspa e again. Here we want to remark that
the workspa e always ontains a relation with name \$" whi h not only an a t as an
argument in al ulations but also denotes the result of an evaluation if no other relation
name is given. Evaluation results, i.e., relations, are also handed over to the relation editor whi h is part of the third omponent of the system. The two editors of this omponent
are not only used to display relations and graphs but also form the base for entering these
two kind of obje ts into the system. At this point we want to mention that in the ontext
of RELVIEW a \relation" is always a Boolean matrix. Therefore, in the following we will
speak of rows, olumns, and dimension of a relation.
As the pi ture shows, four di erent types of les are supported by the system. Files
with the extension \.xrv" or xrv- les for short an hold relations, graphs, and de nitions
of relational domains and global fun tions. These les are not human-readable and reated by the system itself. The se ond type of les have the extension \.prog" and are
alled program les or prog- les for short. Program les an hold de nitions of relational
domains, global fun tions, and relational programs. These les are human-readable, i.e.,
they an be reated using a text-editor. Note that program les an be loaded into the
system but not written ba k to disk. The third kind of les involved are les with the
extension \.label", label les for short. Label les ontain de nitions of label sets whi h
an be used for labeling rows and/or olumns of relations and nodes of graphs for illustration purposes. As in the ase of program les, label les are ordinary text les, i.e.,
they are human-readable, and an only be loaded into the system. The last type of les
are en apsulated posts ript- les whi h are reated by the system and ontain relations
and graphs in a printable format. These exported drawings an be, e.g., in luded in
LTEX-do uments.
Please note that beside the des ribed user intera tions { entering relations and graphs
and entering relational terms for evaluation and loading and saving various kinds of les
{ de nitions of relational domains and global fun tions an be put into the system using
spe ial dialog windows whi h are not expli itly shown in the above pi ture.
In the following se tions we will des ribe the various windows of the graphi al user
interfa e of RELVIEW in greater detail.
A

3.2 The Menu Window

After starting the system the menu window is presented to the user. Con eptually the
menu window an be devided into three parts. The rst three button rows deal with
system administration tasks like opening the le- hooser, the information window, the
two dire tory windows and the windows of the two editors, and quitting the system. The
detailed appearean e of this window strongly depends on various resour es de ned in the
on guration le, see Se tion 3.19.1. Typi ally it looks as follows:
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System administration

Function definition
and evaluation

Base functions
and
domain definitions

In detail the following a tions are invoked by the di erent buttons in the rst three rows
of the menu window:
FILES
: Opens the le- hooser window (see Se tion 3.11).
INFO
: Pops up an information window, presently showing the version
number and a opyright noti e only.
QUIT
: Quits the system.
RELATION : Opens the window of the relation editor (see Se tion 3.4).
GRAPH
: Pops up the window of the graph editor (see Se tion 3.5).
XRV/PROG : Displays the dire tory window showing the state of the workspa e
(see Se tion 3.3).
LABEL
: Opens the label dire tory listing label sets whi h are loaded
into the system (see Se tion 3.18).
The buttons in the se ond part of the menu window over these kind of a tions whi h are
mostly needed while working with the system:
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DEFINE : Opens a dialog window for entering a de nition of a global fun tion

(see Se tion 3.6).
EVAL : Pops up the evaluation window for entering a relational term.
Relational terms are des ribed in Se tion 3.15.
ITER : Opens a window for iterated appli ation of a fun tion to a relation.
TESTS : Pops up a window for invoking relational tests (see Se tion 3.10).
Finally, in the third and last part of the menu window, a number of relational operations
are dire tly a essible via push buttons. Additionally, in the part \Domains" a button
\DEF" an be found whi h allows to enter de nitions of relational domains into the system.

3.3 The Dire tory Window

The dire tory window presents the a tual state of the workspa e to the user. It ontains
four s roll lists showing the names and dimensions of relations and possibly existing
graphs, the globally de ned fun tions, loaded relational programs, and, nally, de ned
relational domains. Although the detailed appearean e depends on resour es de ned in
the on guration le, typi ally the dire tory window looks as follows:
Dimension
Scroll list

Button for
pop-up menu
Selected relation
Relation name

Information about
available graphs
Selected function

Name of relational
program

Selected
domain definition

On the right hand side of ea h s roll list there is a button \DEL ALL" whi h allows to
delete all relations/graphs, global fun tions, relational programs, and domain de nitions,
respe tively, from the workspa e. Please note that the relation \$" annot be deleted from
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the workspa e. The button below the text \SHOW NOW" pops up a menu ontaining the
two entries \NORMAL" and \HIDDEN". Relations, graphs, global fun tions, and domain
de nitions an be de lared as hidden with the e e t that these obje ts are not listed in
the \normal" s roll lists but are shown in the \hidden" ones. Normally only relations,
graphs, fun tion and domain de nitions ontained in the startup- le are loaded with the
attribute hidden into the system at startup-time. See Se tion 3.19.2 for a des ription of
startup- les.
The rst s roll list shows all names of relations and graphs stored in the workspa e.
An entry in this list an be of one of three following forms:
1. Name - - - - - - Rows X Columns
An entry of this form means that in the workspa e there exists a relation with
name \Name" and dimension \Rows"  \Columns", i.e., with \Rows" rows and
\Columns" olumns.
2. Name =graph Rows X Columns
As in the previous ase there exists a relation with name \Name" with dimension
\Rows"  \Columns" in the workspa e. In addition, there exists a graph with
name \Name" whi h is in a set-theoreti sense equal to the relation, i.e., the graph
and the relation des ribe the same mathemati al obje t. Note that in this ase the
relation is a homogeneous one and the numbers of rows and olumns oin ide with
the number of nodes in the graph.
3. Name graph Rows X Columns
There exists a relation with name \Name" with the given dimension and a graph
with the same name \Name". In ontrast to the previous ase, it is not guaranteed
that the relation and the graph des ribe the same mathemati al obje t,
i.e., the relation and the graph may di er. This ould have been happened

by modifying the relation or the graph with one of the editors, reating the relation
and the graph separately, renaming the relation, or by evaluating a relational term
using the name \Name" for the resulting relation.
Cli king onto a list item with the left mouse button, sele ts the orresponding relation
and/or graph. The sele ted relation is \loaded" into the relation editor and the possibly
existing graph is drawn into the window of the graph editor. Refer to Se tions 3.4 and
3.5 for a des ription of the two editors available in the system.
The se ond s roll list shows all global fun tions existing in the workspa e. Beside the
name and the parameters the de ning term is also displayed. Cli king onto a list item with
the left mouse button sele ts a fun tion with the e e t that the de nition of that fun tion
is shown in the FUNCTION-DEFINITION window whi h allows editing and deleting. See
Se tion 3.6 for a des ription of that dialog window and Se tion 3.16 for an introdu tion
into global fun tions.
The third s roll list lists all loaded relational programs. It only presents the name and
the formal parameters. Note that the body of a program is not shown. The program
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text an only be inspe ted and modi ed by editing the orresponding program le using
a text-editor and subsequent reloading.
The last s roll list presents all de ned relational domains with their names and de nitions. Cli king onto a list item with the left mouse button sele ts a domain de nition
and displays it in the DOMAIN-DEFINITION window allowing editing and deleting. See
Se tion 3.9 for a des ription of that window.

3.4 The Relation Editor

This se tion gives an introdu tion into the relation editor of RELVIEW. For simpli ity
we will make use of the following abbreviations:
LMB : left mouse button
MMB : middle mouse button
RMB : right mouse button
The window of the relation editor an be opened by li king onto the button \RELATION"
in the menu window. Sele ting a relation in the rst s roll list of the dire tory window
loads this relation into the editor (see Se tion 3.3). Evaluation of relational terms performs
a load ommand impli itly, i.e., the result of the evaluation, a relation, is automati ally
displayed in the relation editor window.
Please note that there is no expli it save ommand. Modifying the relation a tually
shown in the relation editor dire tly hanges the relation stored in the workspa e.
Typi ally the window of the relation editor looks as follows:
Name of relation

Dimension

"cleared" item
"set" item

Column number
Row number

Mouse pointer
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In the following by an \item" we mean a single entry of a relation unequivo al de ned
by a row and a olumn of a relation. In the relation editor su h an item is graphi ally
represented by a square as shown in the above pi ture.
An item is \set" if it des ribes a \true-entry" of a relation. The orresponding square
of the graphi representation is a grey one. A \false-entry" of a relation is represented by
a white square. In this ase we speek of a \ leared" item.
A \line" an be a omplete row or olumn or diagonal of a relation. The kind of
line modi able with the editor an be determined by sele ting a menu entry; for details
see below. We speek of a \ ompletely set" line, if all items of a line are set and of a
\ ompletely leared" or \empty" line, if all items are leared.
3.4.1 A tions Invoked by Mouse Buttons

If the mouse pointer is lo ated on an item of a relation, the mouse buttons invoke the
following di erent a tions:
LMB : If the item is leared, it will be set
If the item is set, it will be leared.
MMB : Set the line determined by the mouse position ompletely,
if it is not set ompletely (e.g. empty).
If the line hoosen by the mouse pointer is set ompletely,
the line is leared ompletely.
RMB : Pops up a menu. All a tions within the menu are sele ted
with the same, i.e, right mouse button.

3.4.2 Pop Up Menu of the Relation Editor

By pressing the RMB in the relation editor the following menus are rea hable:

Sele ting the various menu entries with the RMB invoke the following a tions:

 NEW:
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Opens the following dialog window whi h allows to de ne a new relation. The name
and the number of rows and olumns have to be entered into the di erent input
elds:

The reation of the new relation an be invoked by pressing the button \NEW" or,
alternatively, by pressing the \RETURN"-key on the keyboard. The \RETURN"
or \TAB"-key an be used to swit h over to the respe tive next input eld. If there
exists a relation with the newly hoosen name in the workspa e, the system deletes
it after asking the user for on rmation. An existing graph with that name is bound
to the newly reated relation.
 DELETE:
Deletes the relation displayed in the relation editor window from the workspa e. If
there exists a graph with the same name as the relation, the graph is also
deleted. Before deleting the relation and a possibly existing graph, the system asks

for on rmation by presenting a noti e prompt to the user. In the ase that the
graph is displayed in the graph editor window, it an be restored by hoosing the
menu entry \GRAPH ! RELATION" in the graph editor pop-up menu. See Se tion
3.5 for details. Note that the spe ial relation \$" annot be deleted.
 RENAME:
Pops up a window for entering a new name for the relation visible in the relation
editor window. Let R be the name of the relation in the editor window and let Q be
the newly hoosen name. Two ases an be distinguished.
1. There exists a graph R: A relation Q and a graph Q possibly ontained in the
workspa e are deleted. Here the system asks the user for on rmation. The
relation R and the graph R are both renamed into Q.
2. There exists no graph R: A relation Q ontained in the workspa e is deleted
after asking the user for agreement. The relation R is renamed into Q and a
possibly existing graph Q is bound to the \new" relation Q.
In both ases, the renamed relation is displayed in the relation editor window. A
graph whi h belongs to the renamed relation is shown in the graph editor window,
see Se tion 3.5. Note that the spe ial relation \$" annot be renamed.
 CLEAR:
Clears the whole relation, i.e., all items are leared.
 RANDOM FILL:
Opens the following window for entering a fa tor for lling the relation randomly:
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Before lling the relation it is leared ompletely.
RELATION ! GRAPH:
Creates a graph from a homogeneous relation with the same name as the relation.
The graph is displayed in the graph editor window; see Se tion 3.5. If no graph with
the name of the relation exists in the workspa e yet, then the nodes of the new graph
are automati ally pla ed on a ir le and the ar s are drawn as lines. Otherwise, the
RELVIEW system asks for on rmation before overwriting the existing graph. In
the ase that the number of rows and olumns oin ide with the number of nodes of
the graph, the positions of the nodes are not hanged. In the other ase, the above
mentioned standard pla ement is used again. The entry in the dire tory window
belonging to the relation is updated, i.e., it shows the text \=graph" in the middle
se tion.
PRINT:
Outputs the relation as an en apsulated posts ript- le. As lename the name of the
relation extended by \.rel.eps" is used. The le is reated in the dire tory where
the system has been started from.
LABEL:
Pops up a submenu as it is shown in the above pi ture whi h allows to add/remove
labels to the rows and/or olumns of the relation. Refer to Se tion 3.18 for a
des ription of the labeling me hanisms of RELVIEW.
DRAW MODE:
Opens a submenu as presented above for sele ting a draw mode for lines. Then four
di erent modes an be hoosen, viz. horizontal, verti al and two types of diagonal
lines.

3.5 The Graph Editor

This se tion des ribes the graph editor of RELVIEW. The window of the graph editor
an be opened by pressing the button \GRAPH" in the menu window. A typi al view of
the graph editor window an look as follows:
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Position of mouse pointer

In the graph editor various kinds of nodes and edges are used:
Unselected Node:

Selected Node:

Marked Node:

10

8
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Unselected Edge:

Selected resp. Marked Edge:

As the pi ture illustrates, we speek of sele ted, unsele ted, and marked nodes and edges.
Sele ting a node allows moving and deleting it. In a similar way, a sele ted edge an be
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deleted. At one time, only one node or one edge an be sele ted. Marking nodes and
edges an be used to illustrate omputation results. All nodes of the graph are numerated
by the system automati ally. If there exists a relation whi h oin ides with the graph,
the numbering of the nodes orresponds to the numbering of the rows resp. olumns of
that relation. The allo ated numbers always form an intervall.
Ea h node is surrounded by a \sele tion area". Cli king with the mouse into this area
sele ts the orresponding node and performs a spe ial a tion with this node. In this ase
we use the term that the mouse pointer is \nearby" a node. If the mouse pointer does
not point into a sele tion area, we say that the mouse is \not nearby" a node.
As in the previous se tion, we make use of the abbreviations LMB, MMB, and RMB
denoting the left, middle, and right mouse button, respe tively.
3.5.1 A tions Invoked by Mouse Buttons

The di erent mouse buttons invoke the following a tions depending on the state of nodes
and egdes and the mouse position:

 A tions initiated by pressing the LMB:

If the mouse pointer is not nearby a node:
{ If no node is sele ted, then a new node will be pla ed at the pointer position.

The new node gets the smallest number whi h has not been assigned to an other
node yet.
{ If a node is sele ted, then the sele ted node will be moved to the position
of the pointer.
If the mouse pointer is nearby a node N:
{ If no node is sele ted, then the node N nearby the pointer is sele ted.
{ If a node M is sele ted:
 If no egde exists from the sele ted node M to the node N nearby the
pointer position, then a new egde is reated from the sele ted node M

to the node N nearby the pointer.
 If there exists an edge from the sele ted node M to the node N nearby
the pointer, then the egde will be sele ted.

 Pressing the MMB deletes a sele ted node together with all edges onne ted to

that node, a sele ted edge or the last reated edge. In ase of deleting a node, the
remaining nodes are in general renumbered so that all numbers form an intervall
again.
Please be areful: There is no undo-fun tion!

 The RMB pops up a menu. All a tions within the menu are sele ted with the
same, i.e., right mouse button.
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3.5.2 Pop Up Menu of the Graph Editor

By pressing the RMB in the graph editor the following menus are rea hable:

Sele ting the various menu entries with the RMB invoke the following a tions:

 NEW:

Opens a dialog window whi h allows to enter a name for a new graph. Initially the
new graph has no nodes. Let R be the name for the new graph. Three ases an be
distinguished.
1. There exists no relation R in the workspa e: After drawing a graph with at
least one node, a relation with the same name R an be reated from this graph
by hoosing the menu entry GRAPH ! RELATION as des ribed below.
Please note: If no relation is reated, the newly drawn graph
gets lost if an other graph ontained in the workspa e is
loaded into the graph editor.

2. The workspa e ontains a relation R but no graph R: After drawing a graph
with at least one node, the new graph is bound to the relation R.
3. There exists a relation R and a graph R: The existing graph is deleted. Before
deleting the graph, the system asks the user for on rmation. After drawing a
graph with at least one node, this new graph is bound to the relation R.
 DELETE:
After asking the user for on rmation, all nodes of the graph are deleted.
 Copy:
Opens a dialog window for entering a new name. Let R be the name of the graph in
the editor window and let Q be the newly hoosen name. If there exists a relation
R, a opy with name Q of the graph R is reated. Otherwise the graph R is renamed
into Q. The \new" graph Q is displayed in the graph editor window. Depending on
the ontents of the workspa e, several further a tions are performed:
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1. If the workspa e ontains a relation Q but no graph Q, the \new" graph Q is
bound to the relation Q.
2. If there exist a relation Q and a graph Q, the graph Q is deleted after asking the
user for agreement and the \new" graph Q is bound to the relation Q.
3. In the ase that the workspa e does not ontain a relation with name Q, nothing
more is done. By hoosing the menu entry GRAPH ! RELATION, a relation
an be reated from the \new" graph Q.
GRAPH ! RELATION:
Creates a relation from the graph with the same name or updates an existing relation
with the same name like the graph. In the rst s roll list of the dire tory window,
an appropriate list entry is reated resp. updated. In parti ular, it shows the entry
\=graph" to indi ate that the graph and the relation oin ide.
Before overwriting an existing graph, the system asks the user for on rmation. The
relation is displayed in the relation editor window; see Se tion 3.4.
PRINT:
Outputs the graph as an en apsulated posts ript- le. The system uses as lename
the name of the graph extended by \.gr.eps". The le is reated in the dire tory
where the system has been started from.
MARK NODES:
Opens a pop up window whi h allows to enter a relational term. If the value of the
term evaluates to a ve tor with the same number of rows as the number of nodes in
the graph, then all nodes belonging to \true-entries" in the ve tor are \marked", i.e.,
are drawn as in the above pi ture indi ated. This fa ility an be used to illustrate
omputation results, espe ially subsets of the nodes of the graph. See Se tion 3.15
for a des ription of relational terms.
MARK EDGES:
Like in the previous ase, a pop up window is opened for entering a relational term.
If the term evaluates to a homogeneous relation with the same row- and olumnnumber like the number of nodes in the graph and this relation is in luded in the
graph's relation, then all edges in the graph orresponding to \true-entries" in the
al ulated relation are \marked", i.e., are drawn like shown in the above pi ture.
This fa ility an be used to illustrate omputation results, espe ially emphasizing
subsets of all edges of the graph.
UNMARK GRAPH:
Removes all markings of nodes and edges whi h were added using the two previous
menu entries.
FIT IN WINDOW:
Adjusts the size of the graph to the size of the window of the graph editor, so that
the image of the graph ompletely ts onto the anvas.
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 TOGGLE GRID:

Swit hes on or o a grid in the graph editor window. If the grid is displayed,
all positions of subsequently pla ed nodes are aligned to grid positions, i.e., are
snapped. Grid positions are the rossings of the grid lines.
 GRAPH{DRAWING:
Opens a submenu from whi h di erent graph drawing algorithms and a spe ial
re e tion operation an be hoosen. At the time of writing this manual the submenu
has the following entries; in the future some other algorithms should be added.
{
{
{
{

SWAP UPPER LOWER: Re e ts the graph, i.e., swaps the verti al dire tion.
SPRING (fast): A fast spring embedder.
SPRING (slow): A slower spring embedder.
LAYER: A layer algorithm whi h tries to pla e the edges verti ally. It adds

spe ial nodes to the graph whi h are not drawn but allow edges with bends.
{ CORRESPONDENCE: Ea h node of the graph is drawn twi e, i.e., the node set
is doubled. Edges are drawn from one node set to the other only.
{ FOREST: This algorithm is only a essible if the graph is a dire ted forest.
The roots of the single dire ted trees are pla ed on top of the window.

3.6 The Fun tion-De nition Window
Pressing the button \DEFINE" in the fourth row of the menu window opens a dialog
window for de ning, editing, and deleting global fun tions:

Several a tions an be invoked:
1. Entering a de nition of a fun tion in the input eld and pressing the button \STORE"
adds this new fun tion to resp. modi es an existing fun tion in the workspa e. The
syntax of fun tion de nitions is des ribed in Se tion 3.16.
2. A fun tion an be deleted by entering its name in the input eld and pressing
the button \DEL". The systems asks the user for on rmation before deleting the
fun tion de nition from the workspa e.
3. Sele ting a global fun tion from the workspa e by li king onto a list entry in the
se ond s roll list of the dire tory window, i.e., the list of all global fun tions, opies
the de nition of that fun tion into the input eld. The fun tion de nition an be
edited and restored or deleted.
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It is important to note that the system only he ks the syntax of the entered fun tion but
does not validate whether the identi ers ontained in the de nition denote existing relations, fun tions, or programs in the workspa e. These tests are performed at evaluation
time only. Here we want to remark that the de ision for implementing this parti ular behaviour is motivated by the intera tive nature of RELVIEW whi h allows to add obje ts
to or delete them from the workspa e at every time.
Please note: Fun tion names onsist of an identi er plus the left
parenthesis. As a onsequen e, between the proper name of the
fun tion, i.e., the identi er, and the opening parenthesis there must
be no whitespa e.

This property takes e e t on deleting a fun tion from the workspa e. If a global fun tion
should be erased from the workspa e, a name of the form
identi er(
has to be given to the system.

3.7 The Evaluation Window
By pressing the button \EVAL" in the menu window, the term-evaluation window an be

opened. Typi ally it looks as follows:

Entering a relational term into the input eld \TERM" and a name for the result relation
into the eld \RESULT" and then pressing the button \EVAL" invokes the evaluation of the
given term. Alternatively, the \RETURN"-key on the keyboard starts the omputation.
This key and the \TAB"-key an be used to swit h from the rst input eld \RESULT"
to the se ond one \TERM". The result, a relation, is stored into the workspa e with the
entered name. If no result name is given, the default name \$" is used.
In the ase of an error, the evaluation stops, a noti e prompt is popped up, and an
error message is written to the standard output.

3.8 The Iteration Window
The button \ITER" of the menu window allows to pop up the iteration window whi h

looks as follows:
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This window allows the iterated appli ation of a fun tion f to a relation R, i.e., it omputes
the sequen e R, f(R), f(f(R)), : : :. This pro ess stops if the sequen e be omes stationary
or the maximum number of iteration steps is rea hed. As the names of the input elds
indi ate, the fun tion name and the relation name have to be entered into the elds
\FUNCTION" resp. \RELATION". In the eld \RESULT" a name for the result relation
an be entered. If it is omitted, the default name \$" is used. The limit for the number
of iteration steps an be set with the slider. The iteration an be invoked by pressing the
button \ITER" or the \RETURN"-key on the keyboard. As in the evaluation window,
the \RETURN" or the \TAB"-key an be used to swit h over from one to the next input
eld.

3.9 The Domain-De nition Window
Pressing the button \DEF" in the \Domains"-part of the menu window opens the following
dialog window whi h allows to enter a domain de nition into the system:

Several a tions an be invoked:
1. After entering a name for a relational domain into the eld \DOMAIN-NAME" and
entering two relational terms des ribing two relations R : X $ X and Q : Y $ Y
on sets X and Y into the input elds \1. COMP" and \2. COMP", respe tively,
and after hoosing the domain type by lling in a \+" (dire t sum) or \X"-sign
(dire t produ t) into the \TYPE"- eld, a press on the button \STORE" puts the
orresponding domain de nition into the workspa e. The de ned domain is either
the dire t sum (; ) with the natural inje tions  : X ! X + Y and  : Y ! X + Y
or the dire t produ t (; ) with the natural proje tions  : X  Y ! X and
 : X Y !Y.
2. Sele ting a list entry in the \Domains"-list of the dire tory window opies the orresponding domain de nition into the input- elds of the \DOMAIN-DEFINITION"
for editing and restoring or deleting. The domain an be deleted by pressing the
button \DEL".
3. Entering a name of a domain ontained in the workspa e into the \DOMAIN-NAME"eld and pressing the button \DEL" deletes the domain from the workspa e.
We note that store a tions an also be invoked by pressing the \RETURN"-key on the
keyboard. This key and the \TAB"-key allow to swit h over to the respe tive next
input eld. Before deleting a domain de nition from the workspa e, the system asks the
user for on rmation. As usual, the validity of a domain de niton { the two relational
terms des ribing the di erent omponents of the domain have to be denote homogeneous
relations { is he ked at evaluation time only.
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3.10 The Tests Window
Pressing the button \TESTS" in the menu window opens an equally named window whi h
allows performing various kinds of tests on a relation or two relations:

Property holds

Property does
not hold

Entering a relational term in the input eld \Relation" and pressing the left button \TEST"
arries out the following tests on the relation R des ribed by the term:
Relational formula
Test
EMPTY
R = O
T
UNIVAL
R R  I
TOTAL
RL = L
T
INJECTIVE
RR  I
SURJECTIVE
L = LR
ANTISYMMETRIC R \ RT  I
IR
REFLEXIVE
TRANSITIVE
RR  R

Filling in two relational terms des ribing to relations R and R into the input elds \1.
Relation" and \2. Relation" and pressing the right button \TEST" performs an equality
and an in lusion test on R and R , i.e., evaluates R = R and R  R , respe tively.
The results of the tests are indi ated by drawing hooks into the boxes orresponding
to the di erent tests. Printing a hook means that the spe i property holds. An empty
box indi ates failure of the orresponding test. If an entered relational term annot be
evaluated, an error is indi ated by drawing a hook into the orresponding \ERROR"-box.
Swit hing between the three input elds an be done by pressing the \RETURN"-key
on the keyboard. For a more detailed des ription of the di erent testable properties see
Se tion 2.2.
1

1

2

1
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3.11 The File-Chooser

The le- hooser is used to load various kinds of les into the system:
 Xrv- les ontaining relations, graphs, global fun tions and domain de nitions.
 Program les with the lename extension \.prog" whi h an hold global fun tion
de nitions, domain de nitions and relational programs.
 Label les with name extension \.label" ontaining label sets.
In addition, the le- hooser is used to reate xrv- les on the disk. The format of program
les is des ribed in Se tion 3.17. A des ription of the labeling me hanism an be found
in Se tion 3.18.
After pressing the button \FILES" in the menu window, the window of the le- hooser
is popped up. The exa t appearean e depends on various resour es stored in the on guration le, see Se tion 3.19.1. Typi ally the window looks as follows:
Current directory

Selected file

Buttons for
invoking
load/save actions
Button for closing window
Buttons for
choosing
predefined
filter values

Filter inputfield

Current filename Directory list

File list

The title line of the window and the headline of the left s roll list, the dire tory list for
short, show the name of the urrent dire tory. The dire tories ontained in the urrent
dire tory are listed in that s roll list. The list of les whi h are stored in the a tual
dire tory an be found in the right s roll list, the so alled le list. Here in general
the value of the lter as shown in the \Filter:" input eld is onsidered sele ting only a
subset of all les ontained in the urrent dire tory. Depending on the le types, di erent
pi tograms are used:
Pi togram File type
xrv- le with relations, graphs, fun tions, and domains
program le with fun tions, domains, and programs
label le ontaining label sets
unknown, i.e., all other les
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A double li k onto a list entry in the dire tory list sele ts the orresponding dire tory as
the new urrent dire tory. The headlines and the le list are updated. Alternatively, a new
urrent dire tory an be hoosen by entering its name into the input eld \Name:" and
pressing the \RETURN"-key on the keyboard or the button \LOAD ." in the window.
Cli king onto a list entry in the le list opies the name of the hoosen le into the
input eld \Name:". As in ase of the dire tories, a le name an be entered into that
input eld dire tly.
Load and save ommands on les are invoked by li king onto the buttons \LOAD ."
and \SAVE .xrv", respe tively. As short uts for the load ommand the \RETURN"-key
on the keyboard an be pressed or a double li k onto a le entry in the le list an be
performed. The sele ted le operation always uses the lename whi h is displayed in the
input eld \Name:". Please note, that only xrv- les an be saved on disk. If a le is
saved, the lename is automati ally extended by \.xrv", if the lename extension is not
equal to \.xrv".
The button \CANCEL" allows to pop down the le- hooser.
The buttons \.xrv", \.prog", and \.label" hooses prede ned lter values. A lter sele ts a subset of les ontained in the a tual dire tory. As lter values regular
expressions as used on shell level ontaining wild ards \?" and \" are admissible.

3.12 Identi ers and Keywords

A RELVIEW identi er an onsist of up to 16 hara ters. A hara ter an be
 a letter a; : : : ; z; A; : : : ; Z or
 a digit 0; : : : ; 9 or
 an unders ore \ ".
The rst hara ter of an identi er has to be a letter as des ribed above.
Not all sequen es of hara ters form legal identi ers. Names of base fun tions of
RELVIEW are not allowed. The list of all base fun tions an be found in the next
se tion. Additionally, some words, in the following alled \keywords", are reserved by the
system. Keywords of RELVIEW are:
BEG, DECL, DO, ELSE, END, FI, IF, OD, PROD, RETURN, SUM, THEN, WHILE

3.13 Base Fun tions

Some identi ers whi h are not keywords as listed in the previous se tion and some spe ial
symbols denote prede ned fun tions, the so alled base fun tions of RELVIEW. A subset
of all base fun tions an be a essed by pressing parti ular buttons in the menu window;
see Se tion 3.2. For example, the window for applying the base fun tion \|" whi h
omputes the union of two relations looks as follows ( ompare with Se tion 3.7):
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The base fun tions an be divided into several parts:
1. Base fun tions for al ulating onstant relations (Se tion 2.1) and domains:
Syntax Meaning
L(R)
Universal relation of the same size dimension than R
O(R)
Empty relation of the same size dimension than R
I(R)
Identity relation of the same size dimension than R
Ln1(R) Universal olumn ve tor of the same row number than R
On1(R) Empty olumn ve tor of the same row number than R
L1n(R) Universal row ve tor of the same olumn number than R
O1n(R) Empty row ve tor of the same olumn number than R
dom(R) Domain R * Ln1(R^) of relation R as olumn ve tor
2. Boolean operations (refer to Se tion 2.1):
Syntax Button Meaning
{R
{
Negation ( omplement) of relation R
R|S
j
Union (join) of R and S
R&S
&
Interse tion (meet) of R and S
3. Relationalgebrai operations (see Se tion 2.1):
Syntax Button Meaning
R^
b
Transposition of relation R
R*S

Composition (produ t) of R and S
4. Residuals and symmetri quotients (refer to Se tion 2.3.2):
Button Meaning
Syntax
S/R
S/R
Left residual of R and S.
R\S
RnS
Right residual of R and S.
syq(R,S) SYQ
Symmetri quotient of R and S.
5. Closures (see Se tion 2.3.1):
Button Meaning
Syntax
trans(R) TRANS Transitive losure of R
refl(R) REFL
Re exive losure of R
symm(R) SYMM Symmetri losure of R
6. Various operations on erning ve tors and points without hoi e operations (Se tions 2.2.3 and 2.4.3):
Syntax Button Meaning
inj(v) INJ
Inje tion indu ed by the non-empty ve tor v
Powerset relation with row number given by the
epsi(v) EPSI
row number of the ve tor v
Initial point of the same dimension than the ve tor v
init(v)
su (v)
Homogeneous su essor relation with a dimension given
by the number of rows of the ve tor v
next(p)
Su essor of the point p with the same dimension than p
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7. Choi e operations (refer to Se tion 2.3.3):
Meaning
Syntax
point(v) A point ontained in the non-empty olumn ve tor v
atom(R) An atom (a pair) ontained in the non-empty relation R
8. Relational tests on relations (Se tion 2.3.5):
Meaning
Syntax
empty(R) Test, whether R is empty
unival(R) Test, whether R is univalent
Test, whether R and S are equal
eq(R,S)
in l(R,S) Test, whether R is ontained in S
9. Fun tions on erning relational domains (Se tion 2.4). Most of these base fun tions
take a domain de nition as argument, the result however is always a relation.
Syntax
Button Meaning
1-st(DD) 1st
1st omponent (DD domain)
2-nd(DD) 2nd
2nd omponent (DD domain)
p-1(PP)
P-1
Proje tion on the 1st omponent (PP produ t domain)
p-2(PP)
P-2
Proje tion on the 2nd omponent (PP produ t domain)
p-ord(PP) ORD
Produ t order (PP produ t domain)
[R,S℄
TUP Tupling of relations
i-1(SS)
I-1
Inje tion into 1st omponent (SS sum domain)
i-2(SS)
I-2
Inje tion into 2nd omponent (SS sum domain)
Sum order (SS sum domain)
s-ord(SS) ORD
R+S
SUM Sum of relations
10. Base fun tions on erning fun tion domains (see Se tion 2.4.4):
Syntax
Button Meaning
part-f(R,S) PARTF Columnwise representation of partial fun tions.
tot-f(R,S) TOTF Columnwise representation of total fun tions.

3.14 Operator Pre eden e and Asso iativity
The pre eden e of the unary operators \{" and \^" and the binary in x operators of

RELVIEW is as follows (from highest to lowest priority):
Priority Operators
1
{, ^
2
*, +
3
|, &
4
/, \
All binary operators and the transposition \^" are left asso iative. The negation \{" is
right asso iative. Note, that the evaluation order an be hanged by using parenthesis.
Sin e evaluation of expressions is done from left to right, in the ase of equal priorities of
operators sometimes even parenthesis have be used.
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3.15 Relational Terms

The main purpose of RELVIEW is the evaluation of relational terms, also alled relational
expressions. A relational term an be of one of the following synta ti al forms.
1. It an be a RELVIEW identi er, i.e., of the shape  ident .
The identi er an denote a relation or a parameter of a global fun tion de ned in
the workspa e. In the ontext of a relational program additionally it an be a formal
parameter or a lo al variable.
2. It an be an appli ation of a base fun tion, i.e., it looks as follows:
(a) { term 
(b)  term ^
( )  term   in x base operation   term 
(d)  relational base fun tion  ( term , : : :,  term )
(e)  domain base fun tion  ( domain name )
Here a relational base fun tion is a base fun tion of RELVIEW taking relational
arguments. In ontrast, a domain base fun tion takes a name of a relational domain
de ned in the workspa e. The base fun tions of RELVIEW are des ribed in Se tion
3.13.
3. It an be an appli ation of a global fun tion de ned in the workspa e or a lo al
fun tion de lared in a relational program, i.e., it is of the following form:
 fun tion name  ( term , term , : : : , term )
We note that a fun tion name simply is a RELVIEW identi er as des ribed in
Se tion 3.12.
4. It an be a all of a relational program, i.e., it looks as follows:
 program name  ( term , term , : : : , term )
As in the ase of an appli ation of a user-de ned fun tion, a program name is a
RELVIEW identi er.
As usual, parenthesis \(", \)" an be used to for e an evaluation order. Examples for
relational terms are:
R

{Q

Relation 45|X

f(R, S&g(xyz 1))

p-1(Prod)

lear(R^)

The evaluation of a relational term is based on a Call-by-value strategy. Please note that
the evaluation of relational terms strongly depends on the ontents of the workspa e. For
example, if an identi er ontained in a term denotes a relation, a global fun tion or a
program whi h annot be found in the workspa e at evaluation time, the omputation
will fail. The same is true for appli ations of base fun tions whi h take a domain name
as an argument. Here additionally the domain de nition has to be valid. In all these
error ases, the system presents a noti e prompt and writes an error message to standard
output.
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3.16 Relational Fun tions

A de nition of a relational fun tion is of the following synta ti form:

 fun tion name  ( ident , ident , : : : , ident ) =  term 
The fun tion name and the formal parameters inside the bra kets an be RELVIEW
identi ers as des ribed in Se tion 3.12.
Please note: The left parenthesis belongs to the fun tion name. As
a onsequen e between the proper name and the left parenthesis
there must be no whitespa e.

The relational term on the right hand side an not only ontain global relations, fun tion
appli ations, and program alls, but formal parameters o uring in the parameter list as
well. Examples for relational fun tions are:
f(X)=X|{X

mult R(X)=X*R

h23(X1,Q)=( lear(Q)/R)&trans(X1)

Relational fun tions an be entered into the system using the \FUNCTION-DEFINITION"window. Alternatively, a fun tion de nition an be written into a program le and loaded
into the system using the le- hooser, see Se tion 3.17.3. In the last ase, the de nition
has to be terminated by a dot \.".

3.17 Relational Programs

A relational program in the sense of the RELVIEW system essentially is a while-program
based on the datatype of binary relations. Su h a program has many similarities with a
fun tion pro edure in the programming languages PASCAL or MODULA-2. The exe ution is based on a Call-by-value, i.e., leftmost-innermost, strategy. The system uses stati
binding and the usual s oping rules. Instead of presenting the RELVIEW programming
language in a strong formal manner, we follow a more pragmati al point of view by introdu ing the syntax of the di erent program onstru ts in an intuitive way. At this point
we want to remark that examples of relational programs an be found in Se tion 4 below.
The synta ti form of a relational program an be sket hed as follows:
 ident ( ident ,  ident , : : :,  ident )
DECL  de laration of lo al domains 
 de laration of lo al fun tions 
 de laration of lo al variables 
BEG  statement  ;
:::

END .

 statement 
 term 

RETURN

As it is shown, a relational program starts with a head line ontaining the program's
name and a list of formal parameters. After the keyword DECL then the de laration part
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follows. It onsists of the de larations of relational domains, followed by the de larations
of the lo al fun tions, and, nally, of the lo al variables for relations. The third part of
a relational program is its body, the keyword BEG followed by a sequen e of statements
whi h are separated by semi olons. Relational programs ompute values. Hen e, the
last part of su h a program is the RETURN- lause, whi h onsists of the keyword RETURN
followed by a relational term. The keyword END and a dot behind END indi ate the end
of a relational program.
The shape of admissible identi ers, denoted by  ident  in the above pi ture, is
des ribed in Se tion 3.12.
3.17.1 Stru ture of the De laration Part

The single de larations of lo al domains and lo al fun tions are terminated by semi olons.
Lo al variables are separated by ommas.
 Domain de larations introdu e binary relational produ ts and binary relational sums
together with some natural relations like proje tions and inje tions as des ribed in
Se tion 2.4. A de laration of a binary relational dire t produ t is of the following
form:
 ident  = PROD( term , term ) ;
A binary relational sum is de lared as follows:

 ident  = SUM( term , term ) ;
In the arguments of the domain formers PROD and SUM also parameters of the superior relational program may o ur. As in ase of domain de nitions entered into the
workspa e using the \DOMAIN-DEFINITION"-window, the admissibility of the arguments { both have to represent homogenous relations { are he ked at evaluation
resp. exe ution time only.
 A de laration of a lo al relational fun tion is of a similar form as a de nition
of a global fun tion entered into the system with the help of the \FUNCTIONDEFINITION"-window. See Se tions 3.6 and 3.16. However, ea h de laration has to
be terminated by a semi olon:

 ident ( ident , : : : , ident ) =  term  ;
The de laration onsists of a fun tion name, a list of formal parameters, and a
relational term. Please note that the term may not only refer to obje ts stored in
the workspa e but may also ontain parameters of the superior relational program
and lo ally de lared domains and fun tions. But on no a ount does an identi er
whi h o urs in the relational term refer to a lo al variable of a program. As in ase
of the lo al domain de larations, it is only he ked at exe ution time and not at
load time, whether a all of a lo al de lared fun tion an be evaluated, i.e., whether
all fun tions and relations ontained in the term are de ned.
 De larations of lo al variables look as follows:
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 variable name 1  ,
 variable name 2  ,
:::

 variable name n 
As sket hed above, the variable names are separated by a omma. Ea h variable
name an be a RELVIEW identi er as des ribed in Se tion 3.12. Lo al variables
are not impli itly initialized. Before using, i.e., reading, a variable, a value has
to be assigned to it. Assignment statements are des ribed in the next se tion.
3.17.2 Syntax of Statements

Essentially, the body of a relational program is a sequen e of statements as sket hed above
at the beginning of this se tion. In the following we des ribe the synta ti stru ture of
the statements of the RELVIEW programming language.
1. The simple statements of the language are the assignments of the form

 ident  =  term 
with a lo al variable on the left-hand side and a relational term on the righthand side. Note that the term may ontain alls of relational programs. In parti ular, re ursion is allowed. Sin e on the left-hand side of an assignment only lo al
variables are allowed, the exe ution of a program produ es no side-e e ts with respe t to relations stored in the workspa e. As usual, it is he ked at exe ution time
only whether all pie es ontained in the term are available in the workspa e resp.
lo ally de lared.
2. Sequential omposition is the rst kind of ompound statements. It is denoted by a
semi olon:
 statement  ;  statement 
3. Like in PASCAL and MODULA-2, there are two di erent kinds of onditional statements in the programming language of RELVIEW. Without an else part a onditional looks like this:
IF

 term  THEN  statement  FI

An else part in a onditional is also allowed. This two-sided onditional then looks
as follows:
IF  term  THEN  statement 
ELSE  statement  FI
At exe ution time the value of the relational term in a onditional statement has to
be a relation of type [1 $ 1℄, in RELVIEW represented by a 1  1-matrix. Compare
Se tion 2.3.5.
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4. The while-loop of the programming language of the RELVIEW system has the following form:
WHILE  term  DO
 statement  OD
As in the ase of onditional statements at exe ution time the value of the ondition
of the loop has to be a relation of type [1 $ 1℄, i.e., a 1  1-matrix.
Please note: \RETURN  term " is not a statement. Furthermore,
note that a skip statement is not part of the RELVIEW programming language. As a onsequen e, before the key words ELSE, FI, OD
and the RETURN- lause there must not be a semi olon.
3.17.3 Program Files

Relational programs are stored in so alled program les, or prog- les for short. Program
les are human-readable text les whi h an be reated using a text-editor. They are
loaded into the system with the help of the le- hooser, see Se tion 3.11. Relational
programs are written into a program le using a format as sket hed above at the beginning
of Se tion 3.17. Beside relational programs a program le an ontain de larations of
global fun tions and global domain de nitions as well. The format for these two types of
de larations are similar to the lo al de larations whi h an o ur in the de laration part
of a relational program as des ribed in Se tion 3.17.1. However, ea h de laration has to
be terminated by a dot \.":
Type of de laration Synta ti form
Dire t produ t
 ident =PROD( term , term ) .
Dire t sum
 ident =SUM( term , term ) .
Global fun tion
 ident ( ident , : : : , ident )= term  .
Furthermore, omments an be added everywhere in a program le. Like in PASCAL and
Modula-2, a omment must be en losed by the bra kets \{" and \}". En apsulation of
omments within a omment is not allowed.
While loading a program le, the RELVIEW system performs various syntax he ks. If
a syntax error is dete ted, the program le is reje ted, the error ondition is indi ated by
a noti e prompt and an error message is written to standard output. The system prints
out the line number, or at least an estimation, where the error o ured.
Please note: Program les an be loaded into the system, but annot
be written ba k to disk.

At the end of this se tion we present a small example of a program le ontaining
de larations of a relational domain, a global fun tion and, nally, a relational program
for the omputation of the transitive losure R of a relation R by al ulating the least
xpoint f of the fun tion
f : [X $ X ℄ ! [X $ X ℄
f (Q) = R [ Q R :
+
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For illustration purposes, besides two variables in the program TransClosurs also a
lo al de lared fun tion mult is used and some omments are added:
Prod = PROD(R,S).

{ domain de laration }

zero(R) = R&{R.

{ global fun tion }

TransClosure(R)
DECL mult R(X) = X * R;
res, X
BEG X = R;
res = zero(R);
WHILE {in l(X,res) DO
res = res | X;
X = mult R(X) OD
RETURN res
END.

{ relational program }
{ lo al fun tion }
{ lo al variables }

{ X = X * R }

More examples for relational programs an be found in Se tion 4.

3.18 Labels

The RELVIEW system provides a me hanism for labeling rows and olumns of relations
and nodes of graphs. A label is simply a RELVIEW identi er. Labels are only used
for illustration purposes. Adding labels to rows and/or olumns of relations and nodes
of graphs often in reases the readability and understandability of relations and graphs.
Labels do not arry a semanti s within the system. Espe ially the evaluation of
relational terms does not depend on values of labels.
Please Note: In no ases are labels atta hed to relations or graphs
or informations about the labeling of a relation or a graph written
to a xrv- le.
3.18.1 Label Sets and Label Files

Labels are organized in so alled \label sets". A label set is simply a named mapping from
natural numbers to labels, i.e., identi ers. A de nition of a label set is of the following
form:
label-set-name = { number label,
number label,
...
number label
number label
}

The name of a label set is an ordinary RELVIEW identi er. Please note, that the blank
between a number and a label a ts as a separator. The numbers in a label set de nition
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have to be unique but are allowed to appear in any order. In addition, the numbers in
a label set do not have to build up an intervall. In fa t, any gaps in the numbering are
allowed. Some examples of label sets an be found in Se tion 3.18.6.
Label sets are stored in ordinary text les with the lename extension \.label", whi h
are alled label les for short. One label le an ontain an arbitrary number of de nitions
of label sets. A label le, more exa tly spoken the label sets stored in the le, an be
loaded into the RELVIEW system by using the le- hooser, see Se tion 3.11.
3.18.2 The Label Dire tory Window

The label sets loaded into the system an be inspe ted by the help of the label dire tory
window. This window an be opened by pressing the button \LABEL" in the third button
row of the menu window. Typi ally this window looks as follows:
Button for
deleting all
label sets

Selected label set

Number

Label

As the pi ture shows, the label dire tory window ontains two s roll lists. In the rst list,
the names of the loaded label sets are shown. A label set an be sele ted by li king onto
the orresponding list entry.
The se ond s roll list displays the sele ted label set. The set is printed as a list of
items, sorted by numbers, of the form \Number : Label".
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3.18.3 Atta hing Labels to Relations

The rows and/or the olumns of a relation an be labeled with di erent label sets. You
an sele t the desired label sets by hoosing the menu item \LABEL REL" in one of the
submenus of the relation editor, see Se tion 3.4.2.
Choosing the sket hed menu item opens a pop up window with two input elds for
entering one or two names of label sets for the rows and/or the olumns of the relation:

After pressing the push button \LABEL" in this pop up, the rows and/or the olumns of
the relation in the relation editor are atta hed with the labels of the sele ted label sets.
For example, the window of the relation editor showing a labeled relation an look as
follows:

SetWithGaps

SimpleSet

Label set for columns
Label set for rows
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Please note: The number of labels in a label set whi h should be
used for labeling the rows or olumns of a relation must not ex eed
the number of rows resp. olumns of that relation.
3.18.4 Removing Labels from a Relation

The labels atta hed to the rows and/or olumns of a relation an be removed by sele ting
the menu item \UNLABEL REL" in a submenu of the relation editor. Please refer to
Se tion 3.4.2 for a des ription of the menu stru ture of the relation editor.
3.18.5 Labeling Graphs

Graphs, more exa tly spoken the nodes of a graph, annot be labeled dire tly. Instead
you an label the homogeneous relation belonging to the graph. Then the labels added to
the relation are atta hed to the nodes of the graph automati ally. A labeled node looks
as follows:
11
a_prime_number

Please note: If you want to label the nodes of a graph, the rows and
the olumns of the orresponding relation have to be labeled with
the same label set.
3.18.6 Examples of Label Sets

In this se tion we show some examples of label sets for illustration purposes:
SimpleSet =

{ 1 row_1,
2 row_2,
3 row_3,
4 row_4
}
SetWithGaps = { 3 olumn_3,
11 a_prime_number,
7 a_ni e_label,
12 the_last_label
}
Conditions = { 1 Thinking_P1,
2 Thinking_P2,
3 Thinking_P3,
4 Eating_P1,
5 Eating_P2,
6 Eating_P3
}
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3.19 Mis ellaneous

This se tion deals with the on guration of RELVIEW, explains how to use a startup le
and gives some hints about the installation of the system. In parti ular, the URL of the
RELVIEW Web-page an be found in Se tion 3.19.3.
3.19.1 The Con guration of RELVIEW

The RELVIEW system is in a wide range user- on gurable. Fonts, the layout of several
windows, button sizes and more an be hoosen by de ning resour es in a resour e- le.
The name of that le is always \.xrelview". Please note the dot at the beginning of the
lename.
At startup time, the system looks for a on guration le at two di erent pla es: First,
the urrent dire tory is s anned. If it does not ontain a on guration le, the user's
home dire tory is sear hed for.
If in both dire tories no \.xrelview" le an be found by the system, the system uses
default values for the various resour es. The resour es supported by RELVIEW are des ribed in detail in appendix A.
3.19.2 Using a Start-up File

The RELVIEW system allows to load a set of relations, fun tions and domain de nitions
automati ally at startup time. The loaded obje ts are de lared as \hidden" by the system
with the e e t that they are only listed in the dire tory window, if the user sele ts the
menu item \HIDDEN" in the \SHOW NOW"-menu of the dire tory window. For details
see Se tion 3.3.
At startup time, rst the system looks for a le \start up.xrv" in the urrent dire tory.
If this le annot be found, in a se ond step the user's home dire tory is sear hed for a
le \.start up.xrv". Please note the dot at the beginning of the lename of the startup
le lo ated in the home dire tory.
Startup les an easily be reated by the user herself. We re ommend to write all
de nitions of desired global fun tions and relational domains into a prog- le, load this
le using the le- hooser into the (naked) system and save it as a xrv- le with name
\start up.xrv" or \.start up.xrv", respe tively.
In appendix B an example for a set of fun tions whi h are normally stored in a startup
le an be found.
3.19.3 Installation of RELVIEW

The RELVIEW system is freely available by FTP from host
ftp.informatik.uni-kiel.de.
It is lo ated in the following dire tory:
pub/kiel/relview
Two di erent ports of the system are available, namely versions for
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1. Sun SPARC workstations running Solaris 2.5 and
2. INTEL-based Linux systems (Kernels 1.2.x, 1.3.x, and 2.0.x).
Detailed information about the dire tory stru ture and the available les on the FTPserver an be found in a README le ontained in the dire tory pub/kiel/relview. Additional informations and latest news about RELVIEW are published on the World-WideWeb at the following lo ation:
URL: http://www.informatik.uni-kiel.de/ eprogsys/relview.html
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4 Examples for the Use of RELVIEW
In this se tion, we show how to spe ify and develop algorithms for dis rete stru tures in the
relation-algebrai framework su h that the results an dire tly be exe uted in RELVIEW.
Firstly, we deal with a latti e-theoreti al appli ation, viz. the omputation of the ut
ompletion of a partially ordered set. Then, we apply relational algebra for the analysis
of Petri nets. Using RELVIEW, here we investigate in parti ular the dining philosophers
ondition/event net. And, nally, we show how to solve some graph-theoreti problems
using relational algebra and the RELVIEW system.

4.1 A Latti e-Theoreti Appli ation

In lassi al mathemati s, the method of Dedekind uts in the rational numbers is one
of the ways for introdu ing the real numbers. It has been generalized to a pro edure
for onstru ting ompletions of arbitrary partially ordered sets. Based on [4℄, in the
following we show how su h a ut ompletion an be treated in the al ulus of relations
and omputed using RELVIEW. To obtain this, we have to distinguish between the settheoreti symbols 2 and  on the meta-level and the membership relation respe tively
the set in lusion relation on the obje t-level. In the sequel, we use on the obje t level the
two relations " : X $ 2X and v : 2X $ 2X for membership and in lusion.
4.1.1 Cut Completion of a Partially Ordered Set

Assume R : X $ X to be a partial ordering. We all the pair (X; R) a partially ordered
set. If, in addition, every set Y 2 2X has a least upper bound and a greatest lower bound,
then (X; R) is alled a omplete latti e . The method of Dedekind uts for onstru ting
a ompletion of the partially ordered set (X; R) is as follows ( ompare [14, 11℄): For a
given set Y 2 2X one onsiders two sets, viz. Mi (R; Y ), the set of all lower bounds of Y
wrt. R, and Ma (R; Y ), the set of all upper bounds of Y wrt. R. Then one de nes a set
X
C 2 2 to be a Dedekind ut if Mi (R; Ma (R; C )) = C .
Obviously, for ea h element y 2 X the set (y) := fx 2 X : Rxy g is a Dedekind ut,
alled the prin ipal ut generated by y.
Let C denote the set of Dedekind uts of X and P denote the set of prin ipal uts of X .
Furthermore, let vC : C $ C and vP : P $ P denote the restri tions of the set in lusion
relation v : 2X $ 2X to the Dedekind uts and prin ipal uts, respe tively. Then (C ; vC )
is a omplete latti e, having (P ; vP ) as sub-ordering. Furthermore, the fun tion x 7! (x)
is an order isomorphism between (X; R) to (P ; vP ). Therefore, the latti e (C ; vC ) is said
to be the ut ompletion of the partially ordered set (X; R).
4.1.2 A Relation-Algebrai Approa h to Cut Completion

For a relation-algebrai onstru tion of the ut ompletion (C ; vC ) of the partially ordered
set (X; R), we start with the de nition that an element y 2 X is a lower bound of the set
X
Y 2 2 if and only if 8 z z 2 Y ! Ryz . Then, we des ribe Y by a ve tor v : X $ 1 and
use the omponent-wise notation for the left residual given in Se tion 2.3.2. We obtain
that the set of all lower bounds of v wrt. R is expressed by the ve tor mi (R; v) = R=vT.
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Transposing the relation R yields ma (R; v) = mi (RT; v) as the ve tor of all upper bounds
of v wrt. R. In the language of RELVIEW, we obtain the relational fun tions
mi(X,Y) = X / Y^.
ma(X,Y) = mi(X^,Y).

for mi and ma . If the se ond argument of mi resp. ma is not a ve tor but an arbitrary
relation, then obviously the fun tions ompute lower and upper bounds olumn-wise.
Aiming at the omputation of a ve tor des ribing all Dedekind uts, next we onsider
a set C 2 2X . Using the orresponden es between ertain kinds of logi al and relationalgebrai onstru tions, we obtain
C is a ut
() 8 x x 2 Mi (R; Ma (R; C )) $ x 2 C
() 8 x mi (R; ma (R; "))xC $ "xC
() syq(mi (R; ma (R; ")); ")CC
() 9 M syq(mi (R; ma (R; ")); ")CM ^ C = M
() 9 M syq(mi (R; ma (R; ")); ")CM ^ ICM ^ LM
() ((syq(mi (R; ma (R; ")); ") \ I) L)C :
Here the types of the identity relation respe tively the universal relation are I : 2X $ 2X
and L : 2X $ 1. Now, we remove the subs ript C in the result of the above derivation
and arrive at the relation-algebrai des ription
CutVe tor (R) = (syq(mi (R; ma (R; ")); ") \ I) L : 2X $ 1
of the ve tor des ribing the subset C of 2X (in the sense of Se tion 2.2.3) the members of
whi h are the Dedekind uts. Using the inje tive mapping inj(CutVe tor (R)) : C $ 2X
given by this ve tor (see again Se tion 2.2.3) in ombination with the membership relation
X
" : X $ 2 , we obtain the elements of C as the olums of the relation
CutRelation (R) = " inj(CutVe tor (R))T : X $ C :
Based on the above relational fun tions mi and ma, in RELVIEW the omputation of the
ve tor des ribing the Dedekind uts respe tively the olumn-wise representation of the
Dedekind uts look as follows:
CutVe tor(R)
DECL Id, , eps
BEG eps = epsi(dom(R));
Id = I(eps^ * eps);
= dom(syq(mi(R,ma(R,eps)),eps) & Id)
RETURN
END.
CutRelation(R) = epsi(dom(R)) * inj(CutVe tor(R))^.

Sin e the Dedekind uts are ordered by set in lusion, in the third step of our ut ompletion pro edure we onsider the in lusion relation v : 2X $ 2X . If we use the orresponden es between the two relations v and " and the meta-level symbols  and 2, then
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we obtain that set in lusion equals as a relation on the obje t level the right residual
" n ". Hen e, the two RELVIEW base fun tions epsi and \ suÆ e to ompute it. Next,
we onsider the inje tive mapping inj(Cutve tor (R)) : C $ 2X whi h represents C as a
subset of 2X . It is obvious that the restri tion of set in lusion to the Dedekind uts an
be des ribed as

vC = inj(Cutve tor (R)) v inj(Cutve tor (R))T : C $ C :
A transformation of this equation into a relational program CutLatti
omputing the inje tive mapping twi e) is obvious. We obtain:

e

(whi h avoids

CutLatti e(R)
DECL emb, eps, in l
BEG eps = epsi(dom(R));
in l = eps \ eps;
emb = inj(CutVe tor(R))
RETURN emb * in l * emb^
END.

As the last step of relational ut ompletion it remains to des ribe the inje tive order
homomorphism x 7! (x) from X to C with relation-algebrai means. If we use the
ommon fun tion notation for { := inj(CutVe tor (R)), then we obtain
(x) = {(C )
() 8 y y 2 (x) $ y 2 {(C )
() 8 y Ryx $ y 2 {(C )
() 8 y Ryx $ (9 M y 2 M ^ {(C ) = M )
() 8 y Ryx $ (" {T)yC
() syq(R; " {T)xC :
By a removal of the subs ripts x and C , from the result of this derivation we get
Embedding (R) = syq(R; " inj(CutVe tor (R))T ) : X $ C
as relation-algebrai des ription of the inje tive mapping whi h asso iates an element
x 2 X to a Dedekind ut C 2 C if and only if C is the prin ipal ut generated by x. In
RELVIEW, this mapping is implemented by the relational fun tion
Embedding(R) = syq(R,epsi(dom(R)) * inj(CutVe tor(R))^) .

using again the above relational program CutVe

tor.

4.1.3 An Example

After having presented a pro edure for onstru ting the ut ompletion of a partially
ordered set with relation-algebrai means and the orresponding RELVIEW fun tions
respe tive programs mi through Embedding in the previous se tion, we now deal with a
on rete example.
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We onsider a set X with 7 elements, for simpli ity numbered by 1 through 7, and a
partial ordering R : X $ X , whi h, as a dire ted graph R produ ed on the window of the
graph editor using the layer graph drawing algorithm of RELVIEW, looks as follows:
5
5

7

4

3

7

4

6
3

2

6

1
1

2

1
2
3
4
5
6
7

To ompute the ut ompletion using RELVIEW, we have to reate a relation from this
dire ted graph with the same name R. The following pi ture shows this relation as 7  7
Boolean matrix as presented on the window of the relation editor:
1
2
3
4
5
6
7

Cut1
Cut2
Cut3
Cut4
Cut5
Cut6
Cut7
Cut8
Cut9
Cut10

Sin e the nodes of the above dire ted graph are labeled, the rows and olumns of this
Boolean matrix are also labeled.
Now, we assume a program le ontaining the relational fun tions and programs of the
last se tion and that this le is loaded into the system's workspa e. If we evaluate the
relational term CutRelation(R) and then add labels to the rows as well as the olumns
of the result, we get the following olumn-wise representation of the 10 Dedekind uts:
1
2
3
4
5
6
7

I.e., the set C of Dedekind uts onsists of ;, f2g, f2; 7g, f2; 5; 7g, f1g, f1; 6g, f1; 2g,
f1; 2; 4g, f1; 2; 3g, and the entire set X . The next pi ture of this se tion shows the
Boolean matrix representation of the ordering relation of the omplete latti e (C ; vC ),
whi h is obtained by evaluating the relational term CutLatti e(R). For illustration
purposes, again labels are added to the rows and olumns of the result.
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Cut1
Cut2
Cut3
Cut4
Cut5
Cut6
Cut7
Cut8
Cut9
Cut10
Cut1
Cut2
Cut3
Cut4
Cut5
Cut6
Cut7
Cut8
Cut9
Cut10

Cut1
Cut2
Cut3
Cut4
Cut5
Cut6
Cut7
Cut8
Cut9
Cut10

Finally, we want to visualize this 10  10 Boolean matrix with RELVIEW as a dire ted
graph, where additionally the embedding of the original partially ordered set is indi ated
by marked (i.e., boldfa e) edges. To this end, rst, we ompute the inje tive mapping
whi h embedds X in C by evaluating the relational term Embedding(R) and store the
result in the workspa e of RELVIEW with the name E. The labeled 7  10 Boolean
matrix representation of E looks as follows:
1
2
3
4
5
6
7

Then, we draw the ordering relation of the omplete latti e as a dire ted graph. Finally,
we mark the edges of this dire ted graph with the relational term E^ * R * E, sin e the
value of this term is the sub-relation of the ut ordering generated by the images of X .
The result is shown in the next pi ture, for the produ tion of whi h again the layer graph
drawing algorithm of RELVIEW has been used.
10
Cut10

4

8
Cut4

3

9
Cut8

Cut9

7

6
Cut7

Cut3

Cut6

2

5
Cut5

Cut2

1
Cut1
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4.2 Analysis of Petri Nets

Petri nets [19℄ are widely used for designing and modeling on urrent and intera ting proesses. Sin e the stati part of a Petri net onsists of a bipartite dire ted graph, relational
algebra in ombination with RELVIEW an be used for me hani ally investigating stati
properties like deadlo ks, traps, ausality, and the free hoi e property. See [5, 6℄. But, as
demonstrated in the later of these arti les, even a relation-algebrai analysis of dynami
properties like rea hability and liveness with RELVIEW is possible. In the following, we
take two of the examples of [6℄ and show how to spe ify and implement algorithms whi h
an be exe uted dire tly in RELVIEW.
4.2.1 Petri Nets and their Relational Representation

A Petri net is a bipartite dire ted graph whi h we represent as a pair N = (R; S ) of
relations, where R : C $ E , S : E $ C , and C \ E = ;. The elements of C and E are
alled onditions and events, respe tively. In the graphi al representation of N , usually
onditions are drawn as ir les, events appear as squares, and the relation R (respe tively
S ) is oded by the set of edges leading into (resp. out of) squares. A marking of N is
a set of onditions whi h is visualized by de orating ea h ondition in it with a bullet,
alled a token. Relation-algebrai ally, a marking is des ribed by a ve tor m : C $ 1.
As an example, we onsider the following graphi al representation { produ ed by one of
the spring embedder graph drawing algorithms of the RELVIEW system { with nine onditions C = ff ; e ; t ; f ; e ; t ; f ; e ; t g and six events E = fet ; te ; et ; te ; et ; te g:
1

1

1

2

2

2

3

3

3

1

1

2

2

3

3

2
e1

11

3

te1

t1
10
et1

6
4

t2

f2
12
et2
1
f1
13
te2
7

5
e2

f3
15
te3
8

14
et3

e3

9
t3

On the window of the relation editor of RELVIEW, the labeled 9  6 Boolean matrix R
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et1
te1
et2
te2
et3
te3

respe tively the labeled 6  9 Boolean matrix S representing this Petri net are depi ted
as shown in the next two pi tures:

f1
e1
t1
f2
e2
t2
f3
e3
t3

f1
e1
t1
f2
e2
t2
f3
e3
t3

et1
te1
et2
te2
et3
te3

This Petri net is a simpli ed des ription of E.W. Dijkstra's dining philosophers [9℄: Three
philosophers are sitting around a table, and between ea h two of them there is a fork as a
shared resour e. Ea h of the three philosophers i; 1  i  3; is either thinking (a token on
ti ) or eating (a token on ei ). In order to start eating (event tei ) he takes the two forks fi
and fi (respe tively f and f if i = 1) provided they are free (de orated with tokens).
After eating a while, he goes ba k into the thinking mode (event eti) and returns the
forks. Initially, all philosophers are thinking and the forks are available. This is expressed
by the marking Init = ff ; f ; f ; t ; t ; t g des ribed by the following RELVIEW ve tor
Init:
+1

3

1

1

2

3

1

2

3

f1
e1
t1
f2
e2
t2
f3
e3
t3

The dynami evolution of a marked Petri net is given by a simple token game whi h
spe i es the e e t of events on the urrent marking. Given a marking M 2 2C , an event
e 2 E is urrently enabled if all its prede essors but none of its su essors arry a token. In
this ase its exe ution (or ring) results in a new marking N 2 2C whi h is obtained from
the previous marking M by removing all prede essors of e and then adding all su essors
of e. In this way, every Petri net indu es a labeled transition relation M !e N .
4.2.2 Computing Rea hable Markings

We assume a Petri net N = (R; S ) with onditions C and events E . Given two markings
and N , wee say that
N is rea hable from M if and only if there is a sequen e of
en
1
transitions M ! : : : ! N that transforms M into N .
Sin e the notion of rea hability is de ned in terms of sequen es of transitions, in the
rst part of our development of a relational rea hability algorithm we onsider a single
transition from a marking M to a marking N whi h is aused by the exe ution of an event
e. We have to transs ribe the de nition of the transition relation of a Petri net into a
logi al predi ate. The rst ondition in that de nition requires that M enables e whi h
M
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yields the formula

(8 R e ! 2 M ) ^ (8 Se ! 62 M ) :
Now, we represent events by points from [E $ 1℄. Then R e : C $ 1 is the ve tor of the
set of prede essors and S T e : C $ 1 is the ve tor of the set of su essors of the event
e : E $ 1. Furthermore, a ondition
2 C is a prede essor of e if and only if (R e) and
a su essor of e if and only if (S T e) . Hen e, the above formula be omes
(8 (R e) ! 2 M ) ^ (8 (S T e) ! 62 M ) :
Using the orresponden es between ertain kinds of logi al and relation-algebrai onstru tions, our next aim is to repla e the set-theoreti and logi al symbols of this formula
with relational operations and \outermost" subs ripts M and N . The desired form is
derived by
(8 (R e) ! 2 M ) ^ (8 (S T e) ! 62 M )
() (8 (R e) ! " M ) ^ (8 (S T e) ! " M )
() (8 (R e L) N ! " M ) ^ (8 (S T e L) N ! " M )
() (R e L n ")NM ^ (S T e L n " )NM
() ((R e L n ")T \ (S T e L n " )T)MN ;
where the type of the universal relation is L : 1 $ 2C and " : C $ 2C is the membership
relation on onditions.
The se ond ondition of the labeled transition relation M !e N says: If e is exe uted,
then the new marking N results from the old marking M by repla ing the prede essors
of e with its su essors. On a ount of our point representation e : E $ 1 of events and
sin e thus R e : C $ 1 is the omplement of the set of prede essors of e, this is spe i ed
by
8 ( 2 M ^ R e ) _ (S T e) $ 2 N :
Again, we are able to repla e all the set-theoreti and predi ate logi symbols with relational operations and subs ripts M and N ; a possible derivation is
8 ( 2 M ^ R e ) _ (S T e) $ 2 N
() 8 (" M ^ R e ) _ (S T e) $ " N
() 8 (" M ^ ( R e L) M ) _ (S T e L) M $ " N
() 8 ((" \ R e L) [ S T e L) M $ " N
() syq((" \ R e L) [ S T e L; ")MN ;
where the types of the universal relation L and the membership relation " are as above.
Next, we an remove the subs ripts M and N in the results of the last two derivations.
Putting together the remainig relational terms, we get
Trans (R; S; e) = (R e L n ")T \ (S T e L n

)T \ syq((" \ R e L) [ S T e L; ") : 2C $ 2C
as a relation-algebrai des ription of a relation that des ribes all possible single transitions
between markings whi h are aused by an exe ution of the event e : E $ 1.
Having derived a relation-algebrai des ription of the transition relation, we have solved
the most diÆ ult part of the rea hability problem. By de nition, the rea hability relation
"
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Rea h (R; S ) on markings we have sear

hed for is pre isely the re exive-transitive losure

of the union of all transition relations:
[ Trans (R; S; e)) : 2C $ 2C
Rea h (R; S ) = (
e2P(E )

Here P(E ) denotes the set of all points from [E $ 1℄. Also testing whether one marking
an be rea hed from another is now trivial. If they are given as ve tors m : C $ 1
and n : C $ 1, rst, we produ e the orresponding points syq("; m) : 2C $ 1 and
syq("; n) : 2C $ 1 in the powerset (see Se tion 2.4.3). Then, we have the equivalen e
T
n is rea hable from m () syq("; m) syq("; n)  Rea h (R; S ) :
Likewise to obtain a ve tor des ribing the set M of all markings rea hable from m : C $ 1
is easy. We only have to ompute the relation-theoreti su essors wrt. the rea hability
relation of the point orresponding to m:
Rea hVe tor (R; S; m) = Rea h (R; S )T syq("; m) : 2C $ 1
As in the ase of Dedekind uts, we an represent the elements ontained in the subset
M of 2C des ribed by this ve tor olumn-wise by
Rea hRelation (R; S; m) = " inj(Rea hVe tor (R; S; m))T : C $ M :
If we transform the just developed relation-algebrai des riptions into the language of
RELVIEW, then we obtain the following relational programs respe tively fun tions, where
we have de ided to formulate Rea h by means of the base operations init and next
generating the set of events:
Trans(R,S,e)
DECL eps, L, res
BEG eps = epsi(dom(R));
L = L1n(eps);
res = (R * e * L \ eps)^;
res = res & (S^ * e * L \ -eps)^;
res = res & syq((eps & -(R * e) * L) | S^ * e * L, eps)
RETURN res
END.
Rea h(R,S)
DECL e, res
BEG e = init(dom(S));
res = Trans(R,S,e);
WHILE -empty(next(e)) DO
e = next(e);
res = res | Trans(R,S,e) OD
RETURN refl(trans(res))
END.
Rea hVe tor(R,S,m) = Rea h(R,S)^ * syq(epsi(dom(R)),m).
Rea hRelation(R,S,m) = epsi(dom(R)) * inj(Rea hVe tor(R,S,m))^.
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M1
M2
M3
init

Evaluating the relational term Rea hRelation(R,S,Init) with RELVIEW, where R and
S are the relations of the philosophers net and Init des ribes its initial marking Init ,
produ es the subsequent olumn-wise representation of the four markings rea hable from
Init, where labels are added for illustration purposes:
f1
e1
t1
f2
e2
t2
f3
e3
t3

The last olumn of this 9  4 Boolean matrix des ribes the initial marking Init , where
all philosophers are thinking. As an also be seen from this Boolean matrix, besides
this marking three di erent markings are rea hable from the initial one. Ea h of them
orresponds to one of the rst three olumns and expresses that exa tly one philosopher
eats and the others think.
4.2.3 Liveness of Markings

There are several notions of a marking of a Petri net to be live, see [17℄. The following
version seems to be preferred in the literature: Given a Petri net N = (R; S ), an event
C
C
e 2 E is said to be dead under a marking M 2 2 if there is no marking N 2 2 rea hable
from M whi h enables e. A marking M 2 2C is alled live if for all markings N 2 2C
rea hable from M and all events e 2 E we have that e is not dead under N .
Let again " : C $ 2C be the membership relation on onditions. We start our development of a relation-algebrai des ription of liveness with
(8

R e

! 2 M ) ^ (8

Se

! 62 M )

whi h spe i es that the marking M enables the event e. In ontrast with Se tion 4.2.2,
however, we do not represent events by points in the relational sense. This allows the
following derivation whi h repla es the set-theoreti and predi ate logi symbols with
relational operations and the subs ripts M and e:
(8 R e ! 2 M ) ^ (8 Se ! 62 M )
() (8 ReT ! "TM ) ^ (8 Se ! "T M )
() ("T = RT)Me ^ ( "T = S )Me
() (("T = RT) \ ( "T = S ))Me
Now, the subs ripts M and e an be removed from the last formula, yielding
Enable (R; S ) = ("T = RT ) \ ( "T

=S

) : 2C $ E

as relation-algebrai des ription of the enabling relation. Combining it with the rea hability relation Rea h (R; S ) derived in the last se tion, we have that an event e 2 E is
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dead under a marking M 2 2C if and only if

:9 N Rea h (R; S )MN ^ Enable (R; S )Ne :
So the set of all su h pairs M; e relation-algebrai ally is spe i ed by
Dead (R; S ) = Rea h (R; S ) Enable (R; S )

: 2C $ E :

To spe ify liveness in predi ate logi , nally, we use the rea hability relation Rea h (R; S )
again, but now in ombination with Dead (R; S ). We get that a marking M is live if and
only if the formula

8 N 8 e Rea h (R; S )MN ! :Dead (R; S )Ne
holds. In this ase, the repla ement of the set-theoreti and predi ate logi symbols with
relational operations and the subs ript M follows from
8 N 8 e Rea h (R; S )MN ! :Dead (R; S )Ne
() 8 N Rea h (R; S )MN ! :9 e Dead (R; S )Ne
() :9 N Rea h (R; S )MN ^ 9 e Dead (R; S )Ne
() :9 N Rea h (R; S )MN ^ (Dead (R; S ) L)N
() Rea h (R; S ) Dead (R; S ) L M ;
using an universal ve tor L : E $ 1. Finally, a removal of the subs ript M yields
LiveVe tor (R; S ) = Rea h (R; S ) Dead (R; S ) L

: 2C $ 1

as the ve tor whi h des ribes the set L of all markings whi h are live and
LiveRelation (R; S; m) = " inj(LiveVe tor (R; S; m))T : C

$L

as the olumn-wise representation of the set L. To avoid repeated evaluations of relational terms, in the following RELVIEW implementations of Enable , LiveVe tor , and
LiveRelation we have used relational programs instead of relational fun tions.
Enable(R,S)
DECL eps
BEG eps = epsi(dom(R))
RETURN (eps^ / R^) & (-eps^ / S)
END.
LiveVe tor(R,S)
DECL rea h, dead
BEG rea h = Rea h(R,S);
dead = -(rea h * Enable(R,S))
RETURN -dom(rea h * dead)
END.
LiveRelation(R,S) = epsi(dom(R)) * inj(LiveVe tor(R,S))^.
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M3
init

M1
M2

As an example, we onsider again the relations R and S of the philosophers net. If we
evaluate the relational term LiveRelation(R,S) with RELVIEW and add labels to the
result, we obtain the following 9  8 Boolean matrix:
f1
e1
t1
f2
e2
t2
f3
e3
t3

From the olumns 1, 2, 5, and 6 we see that every marking rea hable from the initial
marking init is live, i.e.,
Rea hVe tor (R; S; init )  LiveVe tor (R; S )

holds, a test whi h an easily be veri ed with RELVIEW. This means that the marked
philosophers net N = (R; S; Init ) is live. There are four more live markings, but none
of them orresponds to a \real" state in a philosopher's dinner. For example, the marking fe ; e ; e g depi ted in the third olumn des ribes the impossible situation that ea h
philosopher is eating.
1

2

3

4.3 Solving Graph-Theoreti Problems

Graphs are the most ommon abstra t stru ture in omputer s ien e. There are various
types of graphs whi h appear in the literature, e.g., dire ted graphs, undire ted graphs,
simple graphs, hypergraphs, bipartite graphs. If one does not allow edges to be independent mathemati al obje ts but onsider them as pairs of nodes, then this kind of graphs
(often alled 1-graphs) and relations are very losely related. In prin iple, su h a graph
g = (X; R) is given by its asso iated relation R : X $ X on the set X of nodes. Many
appli ations require algorithms that operate on graphs, sin e any system that onsists of
dis rete states or sites and onne tions between them an be modeled by a graph. In
this se tion, we show how a relation-algebrai approa h to graph theory an be used to
develop su h algorithms. Most of the examples are taken from [5, 7℄.
4.3.1 Computing Kernels

Suppose a graph g = (X; R). A set a 2 2X of nodes is said to be absorbant if from every
node outside of it there is at least one edge leading into it, a property whi h is des ribed
by
8 x x 2= a ! (9 y y 2 a ^ Rxy ) :
Furthermore, a set s 2 2X of nodes is alled stable if no two nodes of it are related via
the relation R. This spe i situation is hara terized by

8 x x 2 s ! (9 y y 2 s ! R xy ) :
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And, nally, a kernel of the graph g is a set of nodes whi h is at the same time absorbant
and stable.
The on ept of a kernel plays an import r^ole in ombinatorial games, sin e kernels in
game graphs orrespond to winning strategies. To explain this, we onsider the following
well-known game: From a pile of, say, 10 mat hes two players A and B may alternately
take one or two mat hes, whi h is alled a move. If some player has to move but annot
do this be ause the pile is empty, then he loses.
Represented in the RELVIEW system as a ir uit-free, bipartite graph, this mat hes
game looks at follows:
1

2

12

3
A9

A10

13
B10

4
A8

14
B9

5
A7

15
B8

6
A6

16
B7

7
A5

17
B6

8
A4

18
B5

9
A3

19
B4

10
A2

20
B3

11
A1

21
B2

A0

22
B1

B0

Ea h node of this graph stands for a spe i situation whi h an o ur during the game.
If it is labeled with Ai (respe tively Bi), then this means that the pile onsists of i mat hes
and player A (respe tively B ) has to move. Hen e, the possible moves are represented by
the edges and the terminal nodes with labels A0 respe tively B0 stand for the situations
that player A respe tively B loses.
The above game graph has exa tly one kernel the nodes of whi h are drawn as squares.
Its knowledge provides the player moving from some situation outside it with the winning
strategy \move into the kernel".
To develop a relation-algebrai des ription of the set of all kernels of a graph g = (X; R)
as a ve tor from [2X $ 1℄, we start with the rst of the above two formulae, saying that
a set a of nodes is absorbant. Using the orresponden es between logi al and relationalgebrai onstru tions, then we transform it as follows:
8 x x 2= a ! (9 y y 2 a ^ Rxy )
() 8 x "xa _ (9 y "ya ^ Rxy )
() 8 x "xa _ (R ")xa
() 8 x (" [ R ")xa
() ( " [ R " n O)a
This derivation introdu es the membership relation " : X $ 2X and the empty ve tor O :
X $ 1. For the removal of the universal quanti ation using a right residual onstru tion
in the last step, see Se tion 2.3.2. Now, we remove the subs ript a in ( " [ R " n O)a and
obtain, thus,
AbsorbVe tor (R) = " [ R " n O : 2X $ 1
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as relation-algebrai des ription of the ve tor of the absorbant sets. An analogous derivation shows for the ve tor of the stable sets the relation-algebrai des ription
StableVe tor (R) = (" \ R ") n O : 2X

$ 1;

where the types of the membership relation and the empty ve tor are as in the ase of the
fun tion AbsorbVe tor . Now, the ve tor des ribing the elements of 2X whi h are kernels
of g is given as interse tion
KernelVe tor (R) = AbsorbVe tor (R) \ StableVe tor (R) : 2X

$ 1:

If this ve tor is non-empty, i.e., the graph g = (X; R) has at least one kernel, then the
olumn-wise representation of the set K of all kernels of g is
KernelRelation (R) = " inj(KernelVe tor (R))T : X

$ K:

In ea h of the relation-algebrai des riptions AbsorbVe tor (R) and StableVe tor (R) the
membership relation " : X $ 2X on nodes appears twi e. In order to avoid repeated evaluations of the orresponding relational term epsi(dom(R)), in the following RELVIEW
versions of KernelVe tor and KernelRelation we implement the rst fun tion by a relational program:
KernelVe tor(R)
DECL AbsorbVe tor(R,e,O) = -(e | R * e) \ O;
StableVe tor(R,e,O) = (e & R * e) \ O;
eps
BEG eps = epsi(dom(R))
RETURN AbsorbVe tor(R,eps,On1(R)) & StableVe tor(R,eps,On1(R))
END.
KernelRelation(R) = epsi(dom(R)) * inj(KernelVe tor(R))^.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Now, let us onsider a on rete example for omputing kernels. We assume the node
set of our example graph g = (X; R) to onsist of the natural numbers from 1 through 15.
The following pi ture shows the relation of g as presented on the window of the relation
editor of RELVIEW as labeled 15  15 Boolean matrix R:
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
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K1
K2
K3
K4

To produ e the olumn-wise representation of the four kernels of the graph given by this
relation using RELVIEW, we have to evaluate the relational term KernelRelation(R)
and obtain then { after an appropriate labeling of the rows and olumns of the result {
the following 15  4 Boolean matrix:
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

In the next pi ture of this se tion we show the relation R as a dire ted graph, produ ed
by a spring embedder graph drawing algorithm of RELVIEW.
6
6
7
7
5
5
14

8

14

8

1

15

1

15
13
4

13
4

3
11

3

11

2

12

2

12
10
10

9
9

In this dire ted graph also the kernel K = f2; 4; 5; 7; 10; 12g of g, des ribed by the rst
olumn of the above kernel relation, is indi ated by squares.
Computing the kernels of a graph in the way des ribed above, frequently may be
fairly ineÆ ient. This is not the fault of relational algebra, as the problem is in fa t
NP- omplete as shown in [12℄. For spe i lasses of graphs, however, a ombination of
relational algebra and xpoint theory (see [23, 18℄) allows the development of eÆ ient
algorithms for omputing kernels; see [20℄ for example. In the following, we present su h
a ase.
We onsider again a graph g = (X; R). In ontrast with the rst enumeration approa h,
however, we onsider now a single kernel as a ve tor v : X $ 1. In doing so, the logi al
formulae de ning absorbant and stable sets be ome
1

8x

ax

! (9 y ay ^ Rxy )

8 x sx ! (9 y sy ! R xy ) :
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Translating these formulae into a notation without omponents, we get the two in lusions
a  R a and s  R s . As a onsequen e, a ve tor k : X $ 1 des ribes a kernel of g if
and only if k = R k, i.e., if and only if it is a xpoint of the fun tion
 : [X $ 1℄ ! [X $ 1℄
 (v ) = R v :
This fun tion is antitone (order-reversing), so A. Tarski's well-known xpoint theorem for
monotone fun tions on omplete latti es (see [23℄) annot be applied. We therefore study
the xpoints of its square
 : [X $ 1℄ ! [X $ 1℄
 (v ) =  ( (v )) = R R v
whi h is monotone. Suppose m 2 : X $ 1 and M 2 : X $ 1 to denote the least resp.
greatest xpoint of  . Then we have for ea h kernel k : X $ 1 of g that
O   (O)   (O)  : : :  m 2  k  M 2  : : :   (L)   (L)  L :
Also the two equations  (m 2 ) = M 2 and  (M 2 ) = m 2 easily an be shown. Hen e,
if the fun tion  has exa tly one xpoint, whi h is equivalent to M 2   (M 2 ) or to
 (m 2 )  m 2 , then g has pre isely one kernel.
Using this fa t, for instan e, it an be shown that a progressively nite graph, i.e.,
a graph in whi h all paths have nite lengths, has exa tly one kernel. When spe ifying
progressive niteness of g = (X; R) with relation-algebrai means, we obtain that
v  R v =) v = O
()
for all ve tors v : X $ 1. Compare [5, 7℄. Now, we use the S hroder equivalen es and
get RT M 2  R M 2 from M 2   (M 2 ). Next, we have
T
T
Dedekind rule
R M 2 \ M 2  (R \ M 2 M 2 ) (M 2 \ R M 2 )
T
Monotoni ity
 R (M 2 \ R M 2 )
2
2
see above.
 R (M \ R M )
In ombination with the relational des ription of progressively niteness by impli ation
(), we obtain the equation R M 2 \ M 2 = O i.e., the in lusion M 2   (M 2 ). Hen e,
the fun tion  and, therefore, also the fun tion  have pre isely one xpoint.
For the set of nodes being nite, we have that a dire ted graph is progressively nite
if and only if it is ir uit-free. Using the RELVIEW system, therefore, we an ompute
the only kernel of a nite, ir uit-free graph by the following relational program:
2

2

2

2

4

4

2

2

2

KernelNoetherian(R)
DECL k, v
BEG k = On1(R);
v = -(R * -(R * k));
WHILE -eq(k,v) DO
k = v;
v = -(R * -(R * k))
OD
RETURN k
END.
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2

This program omputes the kernel as the limit of the hain O   (O)   (O)  : : : for
the least xpoint of  . Its run time omplexity is O(n ), where n is the ardinality of
the set of nodes. If it is applied to the 22  22 Boolean matrix
2

4

3

A10
A9
A8
A7
A6
A5
A4
A3
A2
A1
A0
B10
B9
B8
B7
B6
B5
B4
B3
B2
B1
B0

2

A10
A9
A8
A7
A6
A5
A4
A3
A2
A1
A0
B10
B9
B8
B7
B6
B5
B4
B3
B2
B1
B0

whi h is the matrix representation of the relation R of the mat hes game, then we obtain
the following 22  1 Boolean ve tor
A10
A9
A8
A7
A6
A5
A4
A3
A2
A1
A0
B10
B9
B8
B7
B6
B5
B4
B3
B2
B1
B0

This ve tor exa tly des ribes the marked nodes of the graph representation of R given at
the beginning of this se tion.
4.3.2 Algorithms for Computing Transitive Closures

Assume g = (X; R) to be a graph and we have to test whether there is a path between two
given nodes. If many of su h questions will be asked about the same graph and response
time is riti al, then it is a good idea to ompute the transitive losure R of the relation
R on e and for all, sin e then subsequently queries an be answered by simple look-up.
This works be ause a node y 2 X an be rea hed from another node x 2 X just when
(R )xy holds.
To obtain a rst algorithm for transitive losures, re all that R is the smallest transitive relation whi h ontains the relation R. Therefore, we have
+

+

+

R

+

\

\

= fQ : R  Q; Q Q  Qg = fQ : R [ Q Q  Qg :

Looking to A. Tarskis xpoint theorem for monotoni fun tions on omplete latti es [23℄,
from the third expression of this equation we obtain R as the least xpoint  of the
+
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monotone fun tion


: [X $ X ℄ ! [X $ X ℄

( ) = R [ QQ;

 Q

on relations, i.e., as the limit of the hain O  (O)   (O))  : : : whi h is nite
provided the node set X of the graph is nite. With the RELVIEW system, this limit
an be omputed by the following relational program:
2

TransCl(R)
DECL Q, S
BEG Q = O(R);
S = R;
WHILE -eq(Q,S) DO
Q = S;
S = R | Q * Q
OD
RETURN Q
END.

Obviously, the run time omplexity of TransCl is O(n log n), where n is the ardinality
of the set of nodes.
A more eÆ ient algorithm for omputing transitive losures was proposed by S. Warshall [25℄. It relies on a lever problem generalization similar forms of whi h o ur in
many transformational developments. Relational algebra allows us to apture this idea
in a on ise al ulation, ompletely avoiding informal ad-ho arguments about the existen e of paths and intermediate nodes. In the following, we show how formally to develop
Warshall's transitive losure algorithm from a spe i ation by ombining relational algebra and well-known te hniques that aid the onstru tion of imperative programs. These
te hniques an be tra ed ba k to [10℄.
Our problem is to nd a relational program with a parameter R of type [X $ X ℄ and
a relation-valued lo al variable Q of the same type, su h that after the exe ution of its
body the post ondition (spe i ation)
3

post (R; Q)

:()

Q

=R

+

holds . As a generalization of this post ondition, we onsider for a ve tor v : X $ 1 the
formula
Inv (R; Q; v ) :() Q = (R Iv ) R ;
where Iv = I \ v vT is the partial identity given by v. This formula is the relation-algebrai
des ription of the fa t that Q onsists of the pairs hx; yi 2 X  X of nodes for whi h
there exists a path from x to y in g = (X; R) the \inner" nodes of whi h are from the set
des ribed by v. Hen e, we suppose the relational program to be developed to ontain in
addition to Q a ve tor-valued lo al variable v.
1

1 Usually,

in our spe i

a spe i ation of an imperative program onsists of a post ondition and a pre ondition, but
ase the latter one may be assumed as formula True .
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From (R IL) R = R R = R we obtain that Inv (R; Q; v) and v = L imply the postondition post (R; Q). Guided by this fa t, we hoose Inv (R; Q; v) as invariant and v = L
as negation of the guard of the while-loop and look { in the notation of RELVIEW { for
a relational program of the following form:
+

Warshall(R)
DECL Q, v
BEG  initialization ;
WHILE -eq(v,L(v)) DO

 loop body 

END.

OD
RETURN Q

It remains to nd an initialization whi h establishes the invariant, and a loop body whi h
maintains it.
Due to the equation R = O R = (R IO) R we have Inv (R; R; O) and it seems reasonable to hoose, again in RELVIEW notation, the assignments
Q = R; v = On1(R)

as initialization. Sin e then the while-loop starts with the empty ve tor, a natural hoi e
for the variant fun tion is v 7! v [ point( v ) as this ensures its termination if the graph is
nite. For the following al ulations, we introdu e p as shorthand for point( v ).
Assume v 6= L and the invariant Inv (Q; R; v). Then the point p is de ned. To work
out the loop body, we will use the star de omposition rule (S [ T ) = (S  T ) S  and
that (S w wT) = I [ S w wT for any ve tor w. A proof of the rst equation an be found
in [21℄, the latter equation immediately follows from the fa t that S w wT is transitive.
Next, we have for the partial identities Iv and Iv[p the relationship
I v [ p pT = ( I \ v v T ) [ p pT
= I \ ( v v T [ p pT )
as p pT  I due to (E )
= I \ ((v [ p) (v [ p)T)
(E ) implies v pT  I and p vT  I
= Iv[p
as expe ted. Using it, we are able to derive the equation
(R Iv[p) R = (R (Iv [ p pT)) R
= (R Iv [ R p pT) R
= ((R Iv ) R p pT) (R Iv ) R
star de omposition rule

T

= (I [ (R Iv ) R p p ) (R Iv ) R
(S w wT) = I [ S w wT
= (R Iv ) R [ (R Iv ) R p pT (R Iv ) R
= Q [ Q p pT Q
assumption Inv (Q; R; v);
whi h shows that also the formula Inv (R; Q [ Q p pT Q; v [ p) holds. As a onsequen e,
the following loop body in RELVIEW notation maintains the invariant:
2

1

Q = Q | (Q * point(-v)) * (point(-v)^ * Q); v = v | point(-v)
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Completing now the above program fragment by the initialization and the loop body just
al ulated and introdu ing after that an additional variable p to avoid multiple evaluations of the relational term point(-v), we obtain the following relational program for
omputing the transitive losure of a relation:
Warshall(R)
DECL Q, v, p
BEG Q = R;
v = On1(R);
WHILE -eq(v,L(v)) DO
p = point(-v);
Q = Q | (Q * p) * (p^ * Q);
v = v | p
OD
RETURN Q
END.

In the se ond assignment of the loop body, we have both produ ts Q * p and p^ * Q put
in parentheses so that the new value of the lo al variable Q in ea h turnaround of the
while-loop an be omputed in time O(n ), where n is the number of nodes of the graph.
Hen e, the relational program Warshall runs in time O(n ).
As a on rete RELVIEW appli ation, we present the following dire ted graph produ ed
by the layer graph drawing algorithm of the system:
2

3

9

1

5

2

6

3

7

4

8

10

This dire ted graph represents the transitive losure of that relation whi h is depi ted as
a sub-graph by the boldfa e edges.
4.3.3 An Algorithm for Finding Cutnodes

We all a graph g = (X; R) simple if its relation R : X $ X is symmetri (RT  R) and
irre exive (R  I ). A node x 2 X then is said to be a utnode (or arti ulation node)
of g if the sub-graph generated by the set X n fxg ontains more onne ted omponents
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than g. This on ept serves for determining \how tightly" a graph is onne ted. It is
important in many pra ti al appli ations of graph theory, e.g., in transport networks.
Given a simple graph g = (X; R), we want to develop a relation-algebrai des ription
of the ve tor of all utnodes. A little re e tion shows that a node x 2 X is a utnode
if and only if it annot \bypassed", i.e., there exist di erent nodes y 2 X n fxg and
z 2 X n fxg su h that ea h path from y to z ontains x. Now, we interpret x as a
relational point p : X $ 1 and onsider the relation (inj( p ) R inj( p )T) \ I whi h relates
a node y 2 X nfxg to a node z 2 X nfxg if and only if y 6= z and there exists a path from
T
y to z in g whi h does not ontain x. Obviously, it is in luded in inj( p ) R inj( p ) \ I ,
sin e this relation relates y 2 X n fxg to z 2 X n fxg if and only if y 6= z and there exists
a path from y to z in g. The reverse in lusion is equivalent to the fa t that the node x
an be bypassed. As a onsequen e, we have
(inj( p ) R inj( p )T) \ I 6= inj( p ) R inj( p )T \ I () p is a utnode :
Now, we use L : 1 $ 1 and O : 1 $ 1 as truth values (see Se tion 2.3.5), the equality
test eq, and a fun tion Del (R; p) = inj( p ) R inj( p )T for deleting from R all edges whi h
are in ident with the node des ribed by p. Then, we get from the above
IsCut (R; p) = eq(Del (R; p) \ I ; Del (R ; p) \ I ) : 1 $ 1
as relation-algebrai test of a point p : X $ 1 to be a utnode of the graph g = (X; R).
The relation-algebrai des ription of the ve tor of utnodes we are sear hing for follows
immediately from this test. We use
P that the node set X in the set-theoreti sense is
isomorphi to the disjoint union x2X 1 of jX j opies of the spe i singleton set 1.
Identifying X and this disjoint union, we then get the ve tor of utnodes as
X IsCut (R; p) : X $ 1 ;
CutVe tor (R) =
+

+

+

+

+

+

p2P(X )

i.e., as the jX j-ary relational dire t sum (for the binary ase, see Se tion 2.4.2) of the
truth values IsCut (R; p), where p ranges over all points from [X $ 1℄.
To implement CutVe tor in RELVIEW, we use the base operation for binary dire t sum
in ombination with the base operations for generating sets and a while-loop to ompute
nite dire t sums. This leads to the following relational program:
CutVe tor(R)
DECL Ipa(R) = R & -I(R);
Del(R,v) = inj(-v) * R * inj(-v)^;
IsCut(R,p) = -eq(Ipa(trans(Del(R,p))),Ipa(Del(trans(R),p)));
, p
BEG p = init(Ln1(R));
= IsCut(R,p);
WHILE -empty(next(p)) DO
p = next(p);
=
+ IsCut(R,p)
OD
RETURN
END.
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Sin e transitive losures an be omputed in ubi time, its run time omplexity is O(n ),
where n is the ardinality of the set of nodes.
The next pi ture shows a symmetri and irre exive relation R as a 16  16 Boolean
matrix whi h rows and olums are labeled by the numbers from 1 through 16.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

4

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

If we evaluate the relational term CutVe tor(R) with RELVIEW and after that add the
row labels of R also to the rows of the result, on the window of the relation editor we see
the following 16  1 Boolean ve tor:
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

From this ve tor we see that the graph orresponding to R has four utnodes, viz. 1, 5, 10,
and 14. In the following pi ture, the drawing of whi h was supported by the grid fa ility
of the RELVIEW graph editor, these nodes are drawn as squares.
16

15
16

1

15

2

12
2

1

11
12

13

11
14

13

14

5

6
5

4

6
3

9
3

4

10
10

9

8

7
7

8

We will lose this se tion with a remark on the on ept dual to utnodes. Of ourse, if
one removes an edge instead a node, then the number of omponents may in rease, too.
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In this ase, the edge is alled a bridge. Sin e an edge is a bridge if and only if it annot
bypassed, it is obvious that our approa h for nding the utnodes of a simple graph an
also be used for omputing its bridge relation.
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5 Con luding Remarks
In this report we have given a des ription of the omputer system RELVIEW in lusive
a user's manual and some examples and have also informed about the theoreti al ba kground. Besides the experiments des ribed in the last se tion, a lot of other ase studies
have been performed with the present RELVIEW system or its prede essors. These inlude, for example, further graph-theoreti questions and algorithms (see [24, 15, 27℄) or
relational semanti s (see [26℄). At Kiel University, RELVIEW was and is also applied in
edu ation, i.e., in le tures and seminars.
It turns out that RELVIEW is a good tool for the intera tive manipulation of relations
and supports many di erent prototyping tasks within nearly all stages of a development
of a relational program. Its real attra tion is its exibility sin e this property allows to
experiment with new relational on epts as well as relational spe i ations and programs
while avoiding unne essary overhead.
Let us lose with a few remarks on further developments on erning RELVIEW. Of
ourse, a main improvement is possible in the graph layout. Presently, ve di erent
graph drawing algorithms are available. Here we plan to in lude further fa ilities for
an aestheti layout of graphs, e.g., planar drawing or orthogonal grid drawing. Another
work to be done in the future on erns the error messages of the parser. In the present
RELVIEW version, they are not always as helpful as they should be. E.g., when reading
a synta ti ally faulty program from a le, the line number indi ating the error is often
ina urate. Sin e no further hint is given, this may not be very helpful. It is planned
to improve this in a future RELVIEW version. A third future extension of RELVIEW
on erns the interfa e with other systems. E.g., an interfa e to the relational formula
manipulation system and proof he ker RALF (see [13℄) is planned. Sin e the xrv- les
reated on a Sun SPARC station with Solaris and the xrv- les reated on a Linux system
are not inter hangable, presently, we work on tools for onverting relations and graphs
ontained in a xrv- le into ASCII format and vi e versa. Besides data transfer between
Solaris and Linux, this also allows to produ e big relations and graphs to be manipulated
within RELVIEW using a onventional programming language.

68

Referen es
[1℄ Abold-Thalmann H., Berghammer R., S hmidt G.: Manipulation of on rete relations: The RELVIEW-system. Report Nr. 8905, Fakultat fur Informatik, Universitat
der Bundeswehr Mun hen (1989)
[2℄ Berghammer R., Zierer H.: Relational algebrai semanti s of deterministi and nondeterministi programs. Theoret. Comput. S i. 43, 123-147 (1986).
[3℄ Berghammer R., S hmidt G.: The RELVIEW-system. In: Cho rut C., Jantzen M.
(eds.): Pro . 8th Annual Symposium on Theoreti al Aspe ts of Computer S ien e
(STACS '91), Hamburg, Febr. 1991, LNCS 480, Springer, 535-536 (1991)
[4℄ Berghammer R.: Computing the ut ompletion of a partially ordered set { An example for the use of the RELVIEW-system. Report Nr. 9205, Fakultat fur Informatik,
Universitat der Bundeswehr Mun hen (1992)
[5℄ Berghammer R., Gritzner T., S hmidt G.: Prototyping relational spe i ations using
higher-order obje ts. In: Heering, J., Meinke, K., Moller, B., Nipkow, T. (eds.):
Pro . Int. Workshop on Higher Order Algebra, Logi and Term Rewriting (HOA
93), Amsterdam, The Netherlands, Sept. 1993, LNCS 816, Springer, 56-75 (1994)
Extended version available as Report Nr. 9304, Fakultat fur Informatik, Universitat
der Bundeswehr Mun hen (1993)
[6℄ Berghammer R., von Karger B., Ulke C.: Relation-algebrai analysis of Petri nets
with RELVIEW. In: Margaria T., Ste en B. (eds.): Pro . 2nd Workshop on Tools
and Appli ations for the Constru tion and Analysis of Systems (TACAS '96), Passau,
Mar h 1996, LNCS 1055, Springer, 49-69 (1996)
[7℄ Berghammer R., von Karger B.: Algorithms from relational spe i ation. In: Brink
C., Kahl W., S hmidt G. (eds.): Relational methods in Computer S ien e, Advan es
in Computing S ien e, Springer, 131-149 (1997)
[8℄ Chin L.H., Tarski A.: Distributive and modular laws in the arithmeti of relation
algebras. University of California Publi ations in Mathemati s (new series) 1, 341-384
(1951).
[9℄ Dijkstra E.W.: Hierar hi al ordering of sequential pro esses. A ta Informati a 2,
143-161 (1973)
[10℄ Dijkstra E.W.: A dis ipline of programming. Prenti e Hall (1976)
[11℄ Erne M.: Einfuhrung in die Ordnungstheorie. B.I.-Wissens haftsverlag (1982)
[12℄ Fraenkel A.S.: Planar kernel and Grundy with d  3; d  2; d  2 are NPomplete. Dis . Appl. Math. 3, 257{262 (1981)
[13℄ Hattensperger C., Berghammer R., S hmidt G.: RALF { A relation-algebrai formula
manipulation system and proof he ker. In: Nivat M., Rattray C., Rus T., S ollo G.
(eds.): Pro . 3rd Conferen e on Algebrai Methodology and Software Te hnology
(AMAST '93), University of Twente, Niederlande, June 1993, Workshops in Computing, Springer, 407-408 (1993)
[14℄ Hermes H.: Einfuhrung in die Verbandstheorie. 2. Au age, Springer (1967)
out

69

in

[15℄ Ho mann T.: Formale Veri kation relationaler Programme mittels Relationenalgebra
und wp-Kalkul. Diploma Thesis, Christian-Albre hts-Universitat Kiel, Institut fur
Informatik und Praktis he Mathematik, (1997)
[16℄ Jonsson B., Tarski A.: Boolean algebras with operators, Part II. Amer. J. Math. 74,
127-167 (1952).
[17℄ Lautenba h K.: Liveness in Petri nets. Beri ht 02.1/75-7-29, Gesells haft fur Mathematik und Datenverarbeitung, St. Augustin (1975)
[18℄ Mathemati s of Program Constru tion Group Eindhoven: Fixed-point Cal ulus. Information Pro essing Letters 53, 131{136 (1995)
[19℄ Reisig W.: Petri nets { An introdu tion. EATCS Monographs on Theoret. Comput.
S i., Springer (1985)
[20℄ S hmidt G., Strohlein T.: On kernels of graphs and solutions of games: A synopsis
based on relations and xed points. SIAM J. Alg. Dis . Meth. 6,1, 54{65 (1985)
[21℄ S hmidt G., Strohlein T.: Relationen und Graphen. Springer (1989); English version: Relations and graphs. Dis rete Mathemati s for Computer S ientists, EATCS
Monographs on Theoret. Comput. S i., Springer (1993)
[22℄ Tarski A.: On the al ulus of relations. Journal of Symboli Logi 6, 73-89 (1941).
[23℄ Tarski A.: A latti e-theoreti al xpoint theorem and its appli ations. Pa i J. Math.
5, 285 -309 (1955)
[24℄ Ulke C.: Re hnergestutzte Spezi kation und Entwi klung relationaler Algorithmen.
Diploma Thesis, Christian-Albre hts-Universitat Kiel, Institut fur Informatik und
Praktis he Mathematik (1995)
[25℄ Warshall S.: A theorem on boolean matri es. J. Asso . Comput. Ma h. 9, 11-12
(1062)
[26℄ Winter M.: Program veri ation with RELVIEW. In: Buth B., Berghammer R.
(eds.): Systems for omputer-aided spe i ation, development and veri ation.
Pro . Workshop `Programmsysteme fur re hnergestutzte Programmentwi klung und
-veri kation', Kiel, July 1994, Beri ht Nr. 9416, Institut fur Informatik und Praktishe Mathematik, Universitat Kiel, 79-90 (1994)
[27℄ Wolf A.: Relationale Behandlung von Inzidenzgraphen. Diploma Thesis, ChristianAlbre hts-Universitat Kiel, Institut fur Informatik und Praktis he Mathematik (to
appear 1997)
[28℄ Zierer H.: Relation algebrai domain onstru tions. Theoret. Comput. S i. 87, 163{
188 (1991)

70

A Con guration of RELVIEW { Resour es
As des ribed in detail in Se tion 3.19.1, the RELVIEW system an be on gured by
setting resour es in a on guration le. If a resour e is not expli itly set, the system
uses a default value as shown in the list below. The following resour es are supported by
RELVIEW:
Resour e
example
(default)
# Size and position of
# the graph editor window:
relview.graph.xv width:
300
(400)
relview.graph.xv height:
300
(400)
relview.graph.xv x:
760
(10)
relview.graph.xv y:
490
(10)
# Size and position of
# the relation editor window:
relview.relation.xv width:
relview.relation.xv height:
relview.relation.xv x:
relview.relation.xv y:

300
300
760
160

(400)
(400)
(10)
(10)

# Size and position of
# the menu-window:
relview.xv width:
relview.xv height:
relview.xv x:
relview.xv y:

245
220
760
0

(340)
(750)
(10)
(10)

# Size and position of
# the dire tory window:
relview.dir.xv width:
relview.dir.xv height:
relview.dir.xv x:
relview.dir.xv y:

330
600
600
10

(450)
(950)
(10)
(10)

# Number of lines in the various
# s roll lists in the dire tory window:
Rel dir.Lines:
Fun dir.Lines:
Prog dir.Lines:
Dom dir.Lines:

5
5
5
2

(10)
(10)
(10)
(3)

# Spe i button-resour es:
# button-width (panel label width)
# A value of 0 means that the width of the
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# button depends on the width of the text
# in the button.
# xv x and xv y de ne the position of the
# button relatively to the top left orner
# of the window.
# Buttons of the menu window:

relview. les button.panel label width:
relview. les button.xv x:
relview. les button.xv y:
relview.info button.panel label width:
relview.info button.xv x:
relview.info button.xv y:
relview.quit button.panel label width:
relview.quit button.xv x:
relview.quit button.xv y:

0
8
4
0
130
4
0
190
4

(40)
(8)
(4)
(40)
(176)
(4)
(40)
(260)
(4)

relview.rel button.panel label width:
relview.rel button.xv x:
relview.rel button.xv y:
relview.graph button.panel label width:

0
8
68
0

(40)
(8)
(68)
(40)

relview.xrv button.panel label width:
relview.xrv button.xv x:
relview.xrv button.xv y:
relview.label button.panel label width:

0
8
132
0

(40)
(8)
(132)
(40)

relview.fun button.panel label width:
relview.fun button.xv x:
relview.fun button.xv y:
relview.eval button.panel label width:
relview.iter button.panel label width:
relview.test button.panel label width:
relview.test button.xv x:
relview.test button.xv y:

0
8
196
0
0
0
8
228

(40)
(8)
(196)
(40)
(40)
(40)
(8)
(228)

relview.or button.panel label width:
relview.or button.xv x:
relview.or button.xv y:
relview.and button.panel label width:
relview.neg button.panel label width:
relview.komp button.panel label width:
relview.trans button.panel label width:

0
8
292
0
0
0
0

(40)
(8)
(292)
(40)
(40)
(40)
(40)

relview.lres button.panel label width:

0

(40)
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relview.lres button.xv x:
relview.lres button.xv y:
relview.rres button.panel label width:
relview.syq button.panel label width:

8
356
0
0

(8)
(356)
(40)
(40)

relview.trans button.panel label width:
relview.trans button.xv x:
relview.trans button.xv y:
relview.re button.panel label width:
relview.symm button.panel label width:

0
8
420
0
0

(40)
(8)
(420)
(40)
(40)

relview.dom def button.panel label width:
relview.dom def button.xv x:
relview.dom def button.xv y:
relview.dom ord button.panel label width:
relview.1st button.panel label width:
relview.2nd button.panel label width:

0
8
484
30
30
30

(40)
(8)
(484)
(40)
(40)
(40)

relview.p1 button.panel label width:
relview.p1 button.xv x:
relview.p1 button.xv y:
relview.p2 button.panel label width:
relview.ptup button.panel label width:

30
8
548
30
30

(40)
(8)
(548)
(40)
(40)

relview.s1 button.panel label width:
relview.s1 button.xv x:
relview.s1 button.xv y:
relview.s2 button.panel label width:
relview.stup button.panel label width:

30
8
612
30
30

(40)
(8)
(612)
(40)
(40)

relview.epsi button.panel label width:
relview.epsi button.xv x:
relview.epsi button.xv y:
relview.partf button.panel label width:
relview.totf button.panel label width:
relview.inj button.panel label width:

0
8
676
0
0
0

(40)
(8)
(676)
(40)
(40)
(40)

# Resour es for the le- hooser:
# position and size of the window
 le hooser.xv x:
 le hooser.xv y:
 le hooser.xv width:
 le hooser.xv height:

10
10
580
300

(10)
(10)
(580)
(300)

# Positions of the s roll lists:
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dir list.xv x:
dir list.xv y:

10
10

(10)
(10)

 le list.xv x:
 le list.xv y:

250
10

(250)
(10)

# Positions of the input elds:
name eld.xv x:
name eld.xv y:

10
240

(10)
(10)

 lter eld.xv x:
 lter eld.xv y:

10
270

(10)
(270)

# Button width and position:
load button.panel label width:
load button.xv x:
load button.xv y:

50
500
20

(50)
(500)
(20)

# Label of load button:
Load.Label:

LOAD .

(LOAD .)

save button.panel label width:
save button.xv x:
save button.xv y:

50
500
50

(50)
(500)
(500)

Save.Label:

SAVE .xrv (SAVE .xrv)

 an el button.panel label width:
 an el button.xv x:
 an el button.xv y:

0
500
100

(50)
(500)
(100)

Can el.Label:

CANCEL

(CANCEL)

# Buttons for prede ned lter values:
# (button width and position)
xrv button.panel label width:
xrv button.xv x:
xrv button.xv y:
prog button.panel label width:
prog button.xv x:
prog button.xv y:
label button.panel label width:
label button.xv x:
label button.xv y:

60
500
150
60
500
190
60
500
230

(50)
(500)
(150)
(50)
(500)
(190)
(50)
(500)
(230)
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# Labels of lter buttons:
Xrv.Label:
Prog.Label:
Label.Label:

.xrv
.prog
.label

(.xrv)
(.prog)
(.label)

B Example of a Start-up File
This se tion shows a number of fun tions whi h normally are stored in a le "start up.xrv\
resp. ".start up.xrv\ and loaded into the system at startup time. Startup les are des ribed in detail in Se tion 3.19.2.
Name and
parameters Relational term
Meaning
max(X,Y)
min(Y^,X)
Maximal elements of a set wrt. an order
min(X,Y)
Y&((X&{I(X))\{Y) Minimal elements of a set wrt. an order
ma(X,Y)
mi(X^,Y)
Upper bounds of a set wrt. an order
mi(X,Y)
X/Y^
Lower bounds of a set wrt. an order
sup(X,Y)
inf(X^,Y)
Least upper bound of a set wrt. an order
inf(X,Y)
ge(X,mi(X,Y))
Greatest lower bound of a set wrt. an order
ge(X,Y)
le(X^,Y)
Greatest element of a set wrt. an order
le(X,Y)
Y&mi(X,Y)
Least element of a set wrt. an order
t (X)
rt (X)
s (X)
r (X)
ae (X)

trans(X)
refl(trans(X))
X|X^
refl(X)
rt (s (X))

Transitive losure
Re exive-transitive losure
Symmetri losure
Re exive losure
Equivalen e losure
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