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Abstract:

One approach to improving software productivity is reuse of general soft-
ware to avoid development of code. Frequently, for a particular applica-
tion a "partial system" of a given general program system is sufficient,
where a partial system consists only of those code '"fragments' of the
system, that implement the capabilities required by that application.
Interdependencies among fragments must be observed for the construction
of partial systems. They describe the structure each partial system must
adhere to and form an implicit characterization of the set of partial
systems. The notion of "fragment system" is introduced as a formalization
of the properties of such interconnections among fragments; it is a model
for system families, where the members of a system family (the partial
systems) are composed of a subset of some collection of shared system
components (the fragments).

An algorithm for the construction of a 'characteristic set'" CF is pre-
sented: CF is a minimal subset of fragments with the property, that it is
sufficient to indicate for the fragments of CF only, whether or not they
are relevant for a partial system.

An explicit representation of the set of partial systems is developed as
a subset of {O,l}ICFl, the elements of which satisfy certain Boolean
expressions, called '"restrictions'. Restrictions are inherent to the
fragment system and can be algorithmically derived. Restrictions may also
be employed to model semantics of the system interface.

This representation is of importance for the computer-aided specification
and construction of partial systems: it determines the minimal amount of
information to be entered for the specification of a partial system;
based on such a representation a specification system can check, whether

or not a specification entered describes a correct partial system.




Eine Theorie der Teilsysteme

Zusammenfassung:

Ein Ansatz zur Erhochung der Software-Produktivitdt besteht in der
Wiederverwendung allgemeiner Software. Fiir eine gegebene Anwendung geniigt
hdufig ein Teilsystem eines allgemeinen Programmsystems, wobei ein
Teilsystem nur aus den Code-Fragmenten besteht, die die erforderlichen
Fdhigkeiten des Systems realisieren.

Zur Erzeugung eines Teilsystems sind Querbeziehungen zwischen Fragmenten

zu beachten. Sie Dbeschreiben eine Struktur, der jedes Teilsystem zu
geniigen hat, und bilden eine implizite Charakterisierung der Menge der
Teilsysteme. Der Begriff  '"Fragmentsystem'" wird eingefiihrt als

Formalisierung der Eigenschaften solcher Querbeziehungen; 2zugleich ist
dies ein Modell fiir Systemfamilien, bei denen jedes System der Familie
aus einer Teilmenge gemeinsamer Komponenten erzeugt wird.

Ein Algorithmus fiir die Konstruktion einer ''charakteristischen Menge' CF
wird angegeben: CF ist eine minimale Teilmenge der Fragmente, so daf es
geniigt, nur fir diese Fragmente anzugeben, ob sie fiir ein Teilsystem
relevant sind oder nicht.

Es wird eine explizite Darstellung der Menge der Teilsysteme eines

Systems als Teilmenge von {O,l}ICF angegeben, deren Elemente sogenannten
Restriktionen geniigen. Restriktionen werden aus dem Fragmentsystem
algorithmisch hergeleitet. Mittels Restriktionen werden auch semantische
Eigenschaften der Systemschnittstelle modelliert.

Diese explizite Darstellung ist fiir die rechnergestiitzte Spezifikation
und Konstruktion von Teilsystemen von Bedeutung: sie bestimmt die fiir die
Spezifikation von  Teilsystemen erforderliche minimale Information;

weiterhin bildet sie die Grundlage fiir Priifungen, ob eine Spezifikation

ein korrektes Teilsystem beschreibt.
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1. Introduction

Software reuse has become a keystone in many current efforts to improve
productivity. Reusability can come in many forms (cf. e.g. the September
1984 issue of IEEE Transactions on Software Engineering), one of them is
reuse of code.
Reuse of code entails the design and implementation of general software,
i.e. systems, which perform frequently used, common, and repetitive data
processing tasks (''reusable functional collections", 'generic systems"
[4]). Typical examples are operating systems, compilers, database
management systems, mathematical subroutine packages.
By definition, a general software system P has to provide services for as
wide a spectrum of applications of the respective application area as
possible. For a particular application, however, usually an often small
subset of the features provided by P suffices such that the immediate use
of P is at least wasteful and uneconomical, if not impossible altogether,
e.g. due to efficiency problems or limited resources. Thus, it may be
desirable to employ instead of the complete system P "versions' of P that
provide only a subset of the capabilities of P and consist only of the
parts of the program of P necessary for their implementation:
* This is basically the motivation for '"SYSGEN" options of operating
systems and research into families of operating systems [7, 9, 16, 17].
® Mary Shaw discusses in [18] the usefulness of and the benefits to be
gained from having available for a programming language a "1anguage
contraction", i.e. a family of programmming languages produced by
successively factoring out groups of features of the language: it is

shown that this is a technique for improving compilation efficiency; in




particular, the sizes for the compilers pertaining to the sublanguages
of a contraction are smaller than the size of the complete compiler
implementing the full language.

¢ The use of versions of a database management system that provide only
subsets of the <capabilities supported by the system is presented in
[11, 15] as a way to benefit from general database software also in
environments that do not allow the use of the complete database
management system.

Versions in this sense of a program system P will be referred to in the

following as ''partial systems" of P. We say that the program of P

consists of '"algorithms'", where we rely on the intuitive notion of an

algorithm as a set of one or more pieces of code required for the

execution of some function provided by P. A partial system, thus,

implements only a subset of the optional algorithms of P.

The problem of generating partial systems, in particular the

decomposition of the program of P into code fragments as building blocks

for the programs of the partial systems, is dealt with in [10, 12, 13]:

a fragment may be a program unit, a sequence of statements of a program

unit or even a substring of a statement; also, rather than thinking of a

fragment as a simple substring of the complete program it is essential to

provide for nested fragments. Formally (cf. [12, 13]):

e a fragment f is a not empty list of substrings of the complete program
and fragments fi#f; the fragments fi are called the subfragments of f

® a fragment g is called to be nested in fragment f if and only if g is a
subfragment of f or g is nested in a subfragment of f.

The four-step method of [13] for the construction of a set of fragments

is based on flow analysis (for details see [12, 13]):

In the first step for each program unit u of the program system a




PROCEDURE DBMS
1F (OP<1 OR OP>6
THEN return 'operation unknown'
CASE OP OF
: OPEN
: CLOSE
: FIND
s GET
¢ INSERT
: DELETE

A& wWwnN =
T EWN =

END

PROCEDURE OPEN
OPEN_RF
OPEN_IF

END
0

—

PROCEDURE FIND
USE INDEXES
evaluate INDEX_TABLE
STRTGY
return gss
END
PROCEDURE STRTGY
determine access-strategy and
set ACCESS_TYPE
CASE ACCESS_TYPE OF
1:

-

build seq.search gss
2: BEGIN

2 CASE FILE_TYPE OF
2.1 1: calculate tid
2.2 20 0 v e e e e e
2.2 RETRIEVE_TID_LIST
2.2 C e e e e e e
2 END
.2 build direct-access gss
END
END
END
PROCEDURE GET
NEXT_TUPLE:
CASE ACCESS_TYPE OF
| NEXT_SEQ
1 e e e e e
2 NEXT_TID
2 Ce e e e e
END
3 1F (qualifikation is not satisfied)
3 THEN GO TO0 NEXT_TUPLE
END

PROCEDURE NEXT_SEQ
CASE FILE_TYPE OF
1:

—_

next_1
23
next_2

N

END
END
ROCEDURE NEXT_TID
return next tid of tid=list
ND
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Fig. 1: Fragmentation of the example system




8 PROCEDURE INSERT
8 CASE FILE_TYPE OF
8 1:

8.1 INSERT_1
8 :

8.2 INSERT_2
8 END

8.3 INSERT_TID

8 END

9 PROCEDURE CLOSE

9 CLOSE_RF

9.1 CLOSE_IF

9 END

10 PROCEDURE DELETE
10 CASE FILE_TYPE OF
10 1:

10.1 DELETE_1
10 2:

10.2 DELETE_2
10 END

10.3 DELETE_TID

END
PROCEDURE OPEN_RF
1

END
BBQQEQ!BE CLOSE_RF
END '
PROCEDURE OPEN_IF
USE INDEXES
PEP I
o C .
PROCEDURE CLOSE_IF
USE I NDEXES

P T ]

END

PROCEDURE INSERT_1
T
_B__EQ!BE INSERT_Z

S s S S S S SO0 S S S g e Jr - e G Gy
OOV N EE IS WWWWWWNINN—A—w A= ad

N

}; PROCEDURE DELETE_1
17 END

}g PROCEDURE DELETE_2

18 END

19 PROGEDURE INSERT_TID

19 USE INDEXES

19 e e e .

19 END

20 PROCEDURE DELETE_TID

20 USE INDEXES

20 A,

20 END

g} PROCEDURE RETRIEVE_TID_LIST
21 END

22 PAGKAGE INDEXES

22.1 INDEX_TABLE: ARRAY OF INTEGER
22 END

Fig. 1: Fragmentation of the example system (continued)




fragment comprising u is defined.
Applied to the example system we obtain the fragments 1 through 22 as

shown in fig. 1.}

In the second step for each fragment with statements, which (1) implement
an optional algorithm of the program system or (2) the execution of which
leads to the execution of statements implementing an optional algorithm,
subfragments comprising these statements are defined.

In-depth knowledge of the internal design of the system and the "meaning"
of program statements are indispensable for this step [12, 13]. It makes
available as building blocks parts of program units that either implement
or (directly or indirectly) invoke an optional algorithm.

The set of subfragments of a fragment f introduced in this step may
contain subsets X(f), such that with the execution of f exactly one

fragment of X(f) is executed. In the example system we have:

X(1) ={1.1, 1.2, 1.3, 1.4, 1.5, 1.6 } ,

X(4) = { 4.1, 4.2}, X(4.2) ={4.2.1, 4.2.2} ,
X(5) ={5.1,5.2}, X(6) ={6.1,6.21},
X(8) = { 8.1, 8.2},  X(10) = {10.1 ,10.2 }

The remaining subfragments of f, denoted O(f), introduced in this step

are ''really" optional: they can be omitted or included irrespective of

! the program system of fig. 1 is used for illustration purposes through-
out this paper. Program lines belonging to a fragment are marked with
the name of that fragment at the left margin. E.g. the lines of code of
fig. 1 marked with "1" belong to fragment 1 (program unit DBMS).

Dots in fragment names indicate the nesting of fragments.




the presence or absence of the other subfragments. In the example system
these are: o(2)={2.1}y , 0(5)={5.3} , 0(8)={8.3} , 009)=(9.1} ,

0(10)={10.3}

In general additional fragments must be introduced in order to obtain
partial systems without superfluous code (cf. [12]). Step 3 completes the
fragmentation of executable code: for each fragment f with statements,
that can be executed only when subfragments of f are executed, fragments
comprising these statements are defined. In step 4 fragmentation of
definitional statements is done: for each fragment f with declarations of
data objects, which are referenced only by statements of subfragments of
f, fragments comprising these declarations are defined; for each global
data object a fragment comprising its declaration is defined.

In fig. 1 step 4 leads to fragment 22.1 (declaration of the global data
object INDEX TABLE). Examples for the application of step 3 can be found

in [12].

Let T denote the set of fragments of P constructed in this way. Not any
arbitrary subset of F may be used for the construction of partial
systems, rather, interdependencies among fragments exist, which must be
observed as '"composition rules'". Examples: a version with fragment 1.1
must also contain fragment 1; inclusion of fragment 2 (program unit OPEN)
implies inclusion of fragment 1.1 (the call to program unit OPEN) and
vice versa; a prerequisite for fragment 5.3 is fragment 5, the reverse,
however, does not hold.

Therefore, with each fragment information as to whether or not f is
relevant for a partial system must be associated. The "relevance'" of a

fragment f can formally be thought of as a mapping Pt




| 0 : f is not relevant for partial system t
= <
pe(t) ¢

| 1 : f is relevant for partial system t

-
Then the interdependencies from above can be written as implications that
must hold for each partial system t of the example system:

py 1 (0)=1 = p_(£)=1

= ==> =

py(£)=1 ==> p . (£)=1
py 1 (E)=1 ==> p,(£)=1

ps 5(£)=1 == p (t)=1

These dinterdependencies can be viewed as attributes of a graph (F,R),
where relation R ¢ FxF is defined through the method for the construction
of F: (f,g) & R ("fragment f references fragment g") if (1) g contains a
program unit, which is directly referenced by f£; or (2) g is a
subfragment of f according to step 2; or (3) g is a fragment according to
step 3 and the execution of f entails the execution of some statement of
g or (4) g 1s a fragment according to step 4 and f references a
definition of g.

Examples: (1.1 ,2) ¢ R, (1, 1.1) ¢ R, (5, 5.3) ¢ R, (20, 22) € R.

(F,R) models the data and control flow (cf. e.g. [6]) among the fragments
of the program system: (f,g) & R <==> either flow of control can transfer
from code fragment f to code fragment g or a statement in f references a

definitional statement of fragment g.

These interdependencies among relevances are statements about the
structure each partial system adheres to and constitute an implicit
characterization of the set of partial systems of P. The objective of

this work is to develop an explicit representation of the set of partial




systems. This is not only of theoretical interest, such a representation
is also of practical importance, in particular for the computer-aided
specification and construction of partial systems (cf. [14, 15]): (1) it
determines the minimal amount of information to be entered for the
specification of a partial system. Example: fragments 1.1 and 2 of the
example system have the same relevance. Therefore, it is sufficient to
indicate the relevance of just one of them. (2) Based on this
representation a specification system can check, whether or not a
specification entered describes a correct partial system.

Section 2 presents the concept of ''fragment system'" as a model for
systems with partial systems.

Section 3 shows that the relevance of a fragment may be determined by the
relevances of other fragments in form of "relevance expressions'. This
suggests to look for a minimal subset CF of the set of fragments such
that for each fragment f the relevance of f can be expressed in terms of
the relevances of CF. A subset of fragments with these properties is
called a 'characteristic set'", section 4 gives the formal definition of
this notion and presents an algorithm for the construction of
characteristic sets.

In section 5 we prove properties of the algorithm. They are employed in
section 6 where it is shown, how to find for a given fragment a relevance
expression involving only relevances of characteristic fragments.

Section 7 shows that the set of partial systems can be viewed as a subset
of {0,1}1°F1

The reader is referred to appendix I for the basic concepts and notations
used in this paper.

Appendix IV  presents FSA (Fragment System Analyser), a PROLOG-

implementation of the algorithms and techniques of this paper.




2. Fragment systems: definition, rationale

This section introduces the notion of fragment system and explains the

rationale behind this concept.

2.1. Definition, terminology

Throughout this paper we use the following notation:
* T refers to the set of partial systems of a system P, F denotes the set

of fragments

® B denotes the set {0, 1} of truth values (0: FALSE; 1: TRUE).

DEFINITION 1:
Let F#Q be a finite set, R c FxF a relation on F, G the directed graph
(F,R), E the set {f|f & F, PRED(f)=@}. Furthermore, let there be mappings
X: F =--> q(F), 0: F --> §(F) and p: TXF --> B. We define:

X(£) :={glgeF, feX(g) 0(H):={gl|lgeF, frolg)

(F,R,X,0,E,p) is called a fragment system, if G is an acyclic graph and

axioms FG1-FG5 are satisfied.
FG1l: For each e ¢ E there is at least one t &€ T with p(t,e)=1

FG2: For each f & F holds:
o X (£)#F or 0 (£)#¢ ==> |PRED(f)| = 1
s X(f) c SUCC(£), O(f) c SUGC(E), X(£) * O(f) = @

o |X(£)] # 1

FG3: For each f ¢ F-E holds:

p(t,f)=1 ==> there is a vertex g ¢ PRED(f) with p(t,g)=1

FG4: For each f ¢ F with X(£f)#@ holds:
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p(t,f)=1 ==> there is a vertex g ¢ X(f) with p(t,g)=1

FG5: For each g ¢ PRED(f) with £ &¢ F and X (£)=0 (£)=¢ holds:

p(t,g)=1 ==> p(t,f)=1

Remark:
Since (F,R) is an acyclic graph and |F| finite, property FGO holds:

FGO: E # ; each f ¢ F is accessible from at least one e & E.

Terminology, notations:

e (F,R,X,0,E) is called the fragment graph of the fragment system

(F,R,X,0,E,p).
¢ The elements of X(f) are called the X-fragments of f, those of O(f) the

O-fragments of f. The elements of E are the entry-fragments of the

fragment system.

® For £ ¢ F the mapping Pt T --> B is defined as follows:

pe(E) 1= p(t,6)

Pe is called the relevance of f, pf(t) the relevance value of f for the
partial system t. f and g are said to have the same relevance iff
pf—pg'

A relevance expression is a relevance or a Boolean expression with

relevances as operands. The Boolean operators are defined on relevances

in the obvious way; e.g.: Pe OR pg (t) := pf(t) OR pg(t)

2.2. Fragment system as a model for families of partial systems

The concept of fragment system has originally been designed as a model
for families of partial systems of program systems as discussed in

section 1 [10, 12]:




a)

b)

d)
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The set F represents the set of code fragments, which form the
building blocks for the programs of the partial systems. Relation R
represents the ''references'-relationship among fragments of the
introduction.

Remark:

(F,R) being acyclic does not necessarily imply that partial systems of
program systems with recursive procedures cannot be modeled as
fragment systems:

Let procedure U, be recursive, 1i.e. there are procedures Ul’ U

0 93

such that U, calls U, with U =U_  for some n20. Each procedure forms
i i+l n 0

a fragment, this leads to a graph (F,R) with a cycle <f0,...,fn,f0>.

Since we need information only on which fragments are required (and
not on flow of control as such), edge (fn,fo) is redundant and can be
omitted. This eliminates the cycle.

Mapping p: TXF =-> B represents the family of relevance mappings Pe
Entry-fragments represent those code fragments of the program system,
that must beA executed in order to invoke the system to perform some
operation. Typically, for systems running as separate tasks
entry-fragments are main programs, for program systems in form of a
subroutine package these are usually subprograms. In thg latter case
there are in general several entry-fragments: |E|>1. |

Fragment 1 is the only entry~fragment of the example system: E={1}. A
fragment system with six entry-fragments would result, if the six
program units called in the CASE-statement would implement the system
interface immediately (instead of the one program unit DBMS).

The mappings X and O model the sets X(f) and 0(f), respectively.

X and 0 of the example system:




e)

£)

g)

- I12 =

=
} {1.1, 1.2, 1.3, -
| 1.4 , 1.5, 1.6 } =1 F{2.1}: =2
| (4.1, 4.2} = 4 | { 5.3} : f=5
| (4.2.1, 4.2.2} = 4.2 | {831} : =38
X(f) =< {5.1,5.2} f=5 0(f) = <
| {6.1, 6.2} f= 6 b { 9.1} =9
| (8.1, 8.2} = 8 I { 10.3} : £= 10
| {10.1 ,10.2 } = 10 | @ : else
| @ else +-
+ =
FG1, FGO are necessary conditions for partial systems without
superfluous (''dead") code.
FG2 formally describes the facts that
®* exactly one fragment references an O- or X-fragment
e a fragment cannot be both a X-fragment and an O-fragment
¢ a fragment has either no or at least two X-fragments.
Axioms FG3, FG4 and FG5 are the formalizations of the

interdependencies among fragments:

FG3 states that, if a fragment is relevant for partial system t, at
least one of the fragments referencing it must be relevant for t; the
reverse holds for fragments that are neither 0- nor X-fragments, this
is axiom FG5; FG4 is the definition of the sets X(f).

(Note that due to X(f) c¢ SUCC(f) is FG4 weaker than FG5.)

Figure 2 depicts the fragment graph of the example system. Fragment

gr

e

aphs are visualized in this paper as follows:

vertical bars represent the fragments, i.e. the vertices of (F,R); with
each bar is associated the name of the respective fragment.

an edge (f,g) £ R is diagrammed as an arrow from bar f to bar g.

In order to avoid crossing arrows an edge (f,g) may be drawn as an
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arrow from bar f to the name of g and a second arrow from the name of f
at some other position to bar g (cf. edge (13,22)).

if g is an O-fragment of f, then the arrow from f to g is labelled with
with "0". 1If f has n>0 X-fragments, then the n bars representing the
vertices of X(f) are linked with a horizontal line and one arrow is

drawn from f to that connecting line:

il i2 in ig

| <====== X-fragments =-=---- >|
of £




- 14 -

11

%
e
i}2.‘1

Fig. 2: The fragment graph of the example

system




2.3. Fragment system as a model for system families.

Fragment systems also model system families, where a system family

' t

consists of 'version groups" and "configurations", cf. e.g. [20]:

® The components of a version group are considered equivalent according
to some criterion: the components, program modules or subsystems, share
the same interface and abstract specifications, but may be implemented
differently or tailored to different operating systems or user groups;
a module may exist as a sequence of revisions.
A version group implies a choice - one may choose one or several of its
constituent versions.

® The components of a configuration must be combined, a configuration,
thus, implies an integration process (e.g. a link-edit process).

In [20] Tichy models system families as AND/OR graphs. An AND/OR graph

[8] 1is a directed acyclic graph, in which each vertex is either a leaf,

an AND vertex or an OR vertex:

® leaves are the primitive objects and present program modules,
documentation fragments, test data, etc.

* OR vertices represent version groups: one may choose one (or several)
of its successors.

° AND vertices represent configurations: all successors of an AND vertex

must be combined to form a configuration.

A system family in this sense can be viewed as a fragment system:

® the fragments F are the vertices of the AND/OR graph

¢ relation R models the successor relationship of the AND/OR graph

® the successsors of an OR vertex in the AND/OR graph form (depending on

the number of successors) 0- or X-fragments of the corresponding
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fragment system. AND vertices correspond to fragments, the successors
of which in the fragment graph are neither O- nor X-fragments.
®* the set T represents the set of members of the family; as above mapping
p indicates whether or not a fragment, i.e. a configuration or version
or leaf, is a component of a member of the family.
Example (adapted from [20]):
Let an I/0-subsystem have two versions, one for the line printer (LPT),
and one for the terminal (TERMINAL). The LPT version be a configuration
consisting of three components: OPEN, CLOSE and PUT. The modules OPEN and
CLOSE exist as a sequence of revisions, the module PUT have two machine
specific versions, one for the VAX and one for the PDP11, each of those
again with several revisions.
Figure 3 shows this system family modeled as a fragment system, the
vertices are labeled with names of the versions, configurations and

revisions, respectively.

Remark:

The novel idea with the concept of fragment system is the notion of
relevance, i.e. mapping p. With the AND/OR model in order to specify the
"proper" members of the system family it is necessary to add "selection
mechanisms' [20]., 'p 1is a formalization and generalization of these

selection mechanisms.
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Fig. 3: A system family as fragment graph
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3. Relevance expressions

Axioms FG3 through FG5 are statements about the relevances of a fragment
system. This section shows that the relevance of a fragment can be equal
to relevance expressions with relevances of other fragments, in other

words a relevance may be determined by other relevances.

3.1. The relevances of f and PRED(f)

Let f £ F have relevance Pe and n>0 predecessors PRED(f)={fi]1$iSn}, o
be the relevance of fi’ 1<i<n.
f is no entry-fragment, thus, due to FG3 we have the implication
n
= — =
(11) p(t,£)=1 ==> OR}_ p(t,f,)=1
from which we infer

(12) OR;_ p(t,£)=0 ==> p(t,£)=0

If in addition f is neither an O- nor X-fragment, then follows from FG5

n = == —
ORi___lp(t’fi)_l > P(t’f) 1

Thus, for fragments f & F-E, which are neither 0- nor X-fragments we have

the equation:

n

(G1) = OR,_ b,

Pe
Remark:
If f is neither an O- nor an X-fragment and PRED(f)={g}, then f and g

have the same relevance: Pe E p
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DEFINITION 2:
A Rl-path from f to g of a fragment graph (F,R,X,0,E) is a path P of
graph (F,R) from f to g, such that no vertex x ¢ P with x#f is an O0- or

X-fragment.
Example: The path < 1.1 , 2 , 11 , 5 > of figure 2 is a Rl-path.

Later we will need the following statement:

THEOREM 1:

f € F be neither an 0- nor X-fragment. Let E'={ei|1SiSm} c E be the set
of all entry-fragments, from which there is at least one path to f: for

1£i<m there be P, paths Pi i’ ISjSpi, from e, ¢ E' to f. Then
3

Pe = ORgsC pg
where C := {gi jIISjSpi, 1<i<m} and
3
+-
| e, Pi ; is a Rl-path
I s
g, , =<
) | x : xaPi .y X is an O- or X-fragment and the subpath

| »J° 5f P, . from x to f is a Rl-path
= i,]

Proof:

We prove the statement of this theorem through repetitive application of
equation Gl (utilizing the commutativity of the OR-operator):

Pe is identical to the OR-ing of the relevances of the predecessors of f.
If the relevance expression for Pe contains relevances of fragments that
are neither 0- nor X-fragments, then each of these relevances is replaced
with relevance expressions according to Gl. Since |F| is finite and each
path din (F,R) dis acyclic, this substitution process yields in a finite

number of steps a relevance expression for Pe with relevances of 0-,

X- or entry-fragments only.
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Since this replacement process visits the vertices of all paths of (F,R)
that lead to f, starting at f until the first O0-, X- or entry-fragment of
the respective path is encountered, these fragments are exactly those of

the set C of the statement.

@]

Examples:

e In figure 2 there are three paths from E'=E={1} to fragment 5:

Pl,l =<1,1%11,2,2.1,13,5> gl,l = 2.1

P1,2 =<1,11.1, 2,11 ,5 > gl’2 = 1.1

P1,3 =<1, 1.4 ,5%> 31’3 = 1.4
Thus: P = Py 1 OR P11 OR P14

® For fragment 22 we obtain: Py 1 OR P13 OR Py 1 OR Pg 3 OR P10.3

Pao

3.2. The relevances of f and SUCC(f)

Let f £ F have relevance Pe and n>0 successors SUCC(f)={fi|1SiSn}, Py be
the relevance of fi’ 1<i<n.

In order to be able to deduce results similar to those above, we must
make additional assumptions as to the sets PRED(fi). Due to X(f)*0(f)=@
(axiom FG2) the set SUCC(f) can be written as the union of four pairwise

disjoint, not necessarily nonempty sets:

SUCC(£) := X(f) + O(f) + SUCL(f) + SUCM(f) with
SUC1(f) := { x | x £ SUCC(f), |PRED(x)|=1, x ~& X(f), x ~& O(f) }
SUCM(f) := { x | x & SUCC(£), |PRED(x)|>1 }
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Without loss of generality let

X(£) { fi | nx<i<no}

{ fi | 1<i<nx} o(f)

1l
1]

SUC1(f) { fi | no<i<nl} SUCM(£) { fi | n1<i<n }

with integers nx, no, nl satisfying l<nx<no<nl.

Examples:
succ(8) = { 8.1 ,8.2)Y+{8.3})y+¢g+¢ (i.e.: nx=3, no=4, nl=4, n=3)
SUCC(2) = ¢ + { 2.1 }y+ {11} + ¢ (i.e.: nx=1, no=2, nl=3, n=2)

Fragment 5 is one of the fragments of figure 2 with more than one

predecessor: SUCM(13)=SUCM(11)=SUCM(1.4)={5}

DEFINITION 3:

A S-fragment is a fragment f & F with |PRED(f)| > 1.

3.2.1. f and its X~-fragments

Let be X(f)#d, i.e. nx>1. fi e X(f) 1is no entry-fragment, from FG2
follows PRED(fi)={f}; therefore, FG3 yields:

p(t,fi)=1 for an index i with 1<i<nx ==> p(t,f)=1 and thus:

nx-1
ORYZE ™ p(t,£)=1 ==> p(t,£)=1

Because of FG4 also the reverse is true:

nx-1
= = =
p(t,£)=1 OR,Z," p(t,f)=1

such that holds:

HH
@]
=

©

Pe i=1 Pi
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3.2.2, f and its O-fragments

Let be O0(f)#Q, i.e. no>nx. fi £ O(f) 1is no entry-fragment, from FG2

follows PRED(fi)={f}; therefore, FG3 yields:

p(t,fi)=1 for an index i with nx<i<no ==> p(t,f)=1 and thus:
no-1
= ==> =
OR .~ p,(t)=1 p(£)=1

Since neither FG4 nor FG5 apply here, the reverse, and thus an equation

analogous to the one of section 3.2.1 does not hold here.

3.2.3. f and the elements of SUC1(f)

Let be SUC1(f)#@), i.e. nl>no. Because of FG3 and FG5 f and the fragments
of SUC1(f) have the same relevance (cf. remark in section 3.1):

= <i<
Pe Py no<i<nl

3.2.4. £ and its S-fragments

Let be SUCM(£)#@, i.e. nl<n. Because of FG5 for each element fi of
SUCM(f), i.e. for nl<isn, holds

pf(t)zl ==> pi(t)=1

These implications is all we can prove, FG3 is not sufficient to show the

reverse.

Example: The following implications hold for fragment 5:

p1a(D)=L ==> p(£)=1  p, (£)=1 => p (£)=1  py ,(£)=1 => p,(£)=1
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3.3. Entry~fragments and f -¢ E

THEOREM 2:

If pf(t)=1 for f & F-E, then there is at least one e ¢ E and a path P
from e to f, such that px(t)=1 holds for each x € P; in particular:
P (t)=1.

Proof:

Because of f ¢ F-E FG3 (cf. also Il of section 3.1) implies the existence
of a vertex u ¢ PRED(f) with pu(t)=1; if u ¢ F-E, then by the same token
there is also a predecessor v of u with pv(t)=l, and so forth: since F is
finite and (F,R) 4is acyclic repeated application of FG3 yields a path P
from some entry-fragment to f, such that px(t)=1 holds for each x & P.

O

THEOREM 3:
Let be F' ¢ F, F'#@. If each path from E to f ¢ F contains at least one

vertex of F', then

OR pg(t)=0 =>  p(£)=0

geF!
Proof:

For f ¢ F' or F'=F there is nothing to been shown. Let be f ¢ F-F', F'#F,
i.e. £ -g E, and ORgsF' pg(t)=0.

Due to theorem 2 pf(t)=1 implies the existence of a path P from some
entry-fragment to f, with px(t)=1 for each x € P. Because of P*F'#( this

leads to ORgsF' pg(t)=1, a contradiction.

[m]




COROLLARY 1:
Let be E'c E the set of entry-fragments, from which there is a path to
f e F. If E'#@, then the following implication holds:
OR_ g+ p (£)=0  ==> p (£)=0
Proof:
With F':=E' this is an immediate consequence of theorem 3.

a

COROLLARY 2:
Let be E'c E the set of entry-fragments, from which there is a path to

f ¢ F. If E'#¢ and for each e ¢ E' there is at least one Rl-path from e

to £, then
OReep! Pe = Pg-
Proof:
From corollary 1 follows: OResE' pe(t)=0 ==> pf(t)=0

Since there is for each e £ E' a Rl-path to f, f is neither an O- nor a
X-fragment (cf. definition 2). According to theorem 1 there exists a

subset F'c F with E'c F' such that pe(t) = OR p(t). Therefore:

xeF!

OResE' pe(t)=1 =D ORxsF' px(t)=pf(t)=1.
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4. Characteristic fragments

4.1, Definition

The preceding section demonstrated that the relevance of a fragment may
be given with the relevances of other fragments of the fragment system.
This suggests to look for a subset of fragments with the property that
their relevances determine those of the remaining fragments; furthermore,
such a subset should be as small as possible. The following definition is

a formal statement of these properties:

DEFINITION &:

A set CF c F is called a characteristic set of fragment system

(F,R,X,0,E,p), if it satisfies CF1 and CF2:

CFl: For each f ¢ F there is a set C(f) ¢ CF, C(f)#@, such that holds:

Z OR

Pe geC(£) Pg

CF2: For f & CF there is no set C ¢ CF-{f}, C#@, with: = OR

Pg geC Pg

Terminology:

¢ The elements of a characteristic set are called characteristic frag-

ments

° A set C(f) with property CFl is called a CF-representation of f £ F and

0] a CF-expression for Pe

Rgec(s) Pg

The dinterest in characteristic sets stems from the fact that in order to
specify the set of fragments relevant for a partial system t it is

sufficient to indicate the relevance values pf(t) of the fragments f & CF
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only. CF2 says that there is at least one t £ T such that it is necessary
to indicate for each f & CF, whether or not f is relevant for t. As we
shall see in section 7 it may be the case, however, that there are
partial systems such that the relevance valﬁes of a subset of the

characteristic set are sufficient.

4.2, Construction of a characteristic set

4.2.1. Rl-sets

DEFINITION 5:
® The Rl-set of f ¢ F, denoted by R1(f), is the set
{f} +{ g | g £ F, there is a Rl-path P from f to'g,
P-{f} contains no S-fragment }

¢ f is called the root-fragment of R=R1(f), it is denoted by ROOT(R).

Remark:
In algorithm 1 the definition of ROOT(M) will be extended to non-Rl-sets

McF.

From definition 5 follows immediately:

i

a) g € R1(f) = pg Pe (cf. section 3.1 or 3.2.3)

b) If f is an 0-, X- or S-fragment, then there is no x & F such that x#f
and f & R1(x).

¢) Each vertex of R1(f)-{f} has exactly one predecessor. Therefore:
- any subgraph of a fragment graph consisting of the vertices of a Rl-

set is a tree. This is the justification for the term "root'-fragment.

- each path from x ¢ F-R1(f) to g & R1(f) contains f.




- 27 =

For a certain class of Rl-sets we can show a maximality property.

THEOREM &4
Let f1 be an 0-, X-, S- or entry-fragment, f2 e F. Then
Rl(fz) c Rl(fl) or Rl(fz)%Rl(f1)=¢
Proof:
Case 1: f2 £ Rl(fl)
From definition 5 follows immediately: Rl(fz) c Rl(fl).
Case 2: f2 -g Rl(fl)
==> -
Rl(fz) c Rl(fl) (due to fz#fl)
Suppose Rl(fz)*Rl(fl)#¢, i.e. there is some x ¢ F with x ¢ Rl(fl) and

X € Rl(fz): then there exists a Rl-path from £, to x, which must contain

1

f2 (statement ¢, second part), a contradiction to f_ - Rl(fl).

2
Therefore, Rl(fz)*Rl(f1)=¢ must hold.

w}

4.2.2, The algorithm

For a fragment system (F,R,X,0,E,p) algorithm 1 yields in step 3 a set
CF ¢ F, which will be proved a characteristic set. At first, F is
partitioned into subsets, so-called "Q-sets" with the property that the
fragments of a {-set have the same relevance. Since by definition a
characteristic set can contain at most one element of each Q-set, a
directed graph 4is constructed, the vertices of which represent the

fi~sets. The set CF is described in terms of vertices of this graph.




- 78 -

ALGORITHM 1: Construction of a characteristic set
Input : fragment system (F,R,X,0,E,p)
Output: a characteristic set CF ¢ F

Algorithm:

Step 1:

i 0

Q(O) = { R1(f) | feF, f is a X-, O~ or S-fragment or feE }

Step 2:

WHILE (there are w,,w, € Q(l) such that f=ROOT(w2) is a S-fragment

1°72
and PRED(f) ¢ w,)
DO
i = 4i+1
o = w +w,
rooT(w‘1)) = ROOT(w, )
ot - -1 | { w(i) } - { Wy, W, )
END
Step 3:
g = gt

G be the directed graph (FR,RR), where
FQ { £ | £ e F, there is w & Q with ROOT(w)=f }
RQ = { (f,g) | f,g € FQ, PRED(g)*w#@ for w £ Q with ROOT(w)=f }

nu

Mapping XQ: FQ =--> 9(FR) is defined as follows:

XQ(£) = { g | g & FQ, X ()#0,
each path in GR from E to g contains f,
(f,g) £ RQ or there is in GR a path P from f to g,
such that P-{f,g} contains neither an X- nor an
O-fragment}

CF { f | £fe FQ, |PRED(f)|<1, XQ(£)=¢ }

]
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Note:

Algorithm 1 does not specify the pair to be merged if in step 2 several
pairs (wl,wz) satisfy the condition for the construction of w(i). As will
be shown below (theorem 11) this choice is inessential in that step 2

always produces the same set Q for a given fragment system.
Terminology: The elements of §§ are called R-sets.

From the definition of GR=(F{,RQ) in step 3 follows immediately:

a) |FQ| =|Q] , EcFR , |w*FQ|=1 for each w & Q

b) Let be w,,w, & ®, £,=R00T(w,), £,=R00T(w,) and P a path in G=(F,R)
from fl to f2.
Then, PQ := P*¥FQ is a path from fl to f2 in GR and {fl,fz} c PQ

c) (fl’fz) € RQ ==> there 1is a path P in G from f, to f_, and P-{fl,fz}

1 2
contains no X- or O-fragments.
More general: if PQ is a path in GR from f1 to fz, then there is a

path P in G from f. to f2 and PQ c P

1

Example:

The encircled sets of fragments in figure 4 are the elements of Q(O) (the

Rl-sets) of the example system (cf. figure 2); no pair of elements of

Q(O) satisfies the condition of step 2, thus Q=Q(O) and

FR={( 1 ,1.1, 1.4 ,1.2 , 1.3, 1.5, 1.6,
2.1, 9.1, 4.1, 4.2 , 4.2.1, 4.2.2
8.1, 8.2, 8.3, 10.1, 10.2, 10.3

5 ,51,52,53 , 6.1 , 6.2 , 22}

Figure 5 depicts the directed graph (FQ,RQ).
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The mapping XQ:

+ =

| (11,12, 1.4 ,1.3, 15, 1.6} f=1

| (4.1, 4.2 ) £=1.3
| { 8.1, 8.2} £=1.5
| {10.1 ,10.2 } £=1.6

XQ(f) = <

| {4.2.1, 4.2.2 ) =42
| (5.1, 5.2} £=5

| (6.1, 6.2) . £=5.1
| ¢ : else
e

Since fragments 5 and 22 are S-fragments algorithm 1 yields for the

example system:

CF=FR -{5,22})-{1,1.3, 1.5, 1.6, 4.2, 5.1}

Asterisks mark these fragments in figure 4 and figure 5.

We show that the set CF of algorithm 1 is a characteristic set:

® in section 4.3 we prove the minimality property CF2

® as to property CFl we show in section 5 that & is a disjoint
decomposition of F and that the elements of a §fi-set have the same
relevance. Therefore, the problem is reduced to the determination of
CF-representations for the root-fragments of the fl-sets. This is dealt

with in section 6.

In section 4.3 we need a description of CF as a subset of F:




Fig. 4: The Q-sets and set CF of the example system
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Fig. 5: The graph GQ and the set CF of the example system




- 33 =

THEOREM 5:
The set CF of algorithm 1 is the set
{f|] £feF, £f is a X-, 0O~ or entry-fragment,
there is no X-fragment g such that holds:
(*) each path in G from E to g contains f and
(%) (f ¢ Xe(g) or there is in G a Rl-path from f to x & Xk(g) )}
Proof:
According to step 3 of algorithm 1 CF contains all fragments f £ F, which
are X-, 0- or entry-fragments and for which there is no X-fragment g ¢ F,
that satisfiés both (1) and (2):
(1) each path in G from E to g contains f
(2) (f,g) £ RQ or there is in GQ a path P from f to g, such that P-{f,g}
contains neither an X- nor an O-fragment.

Thus we have to show: (1) and (2) <==> (*) and (#F)

The equivalence of (1) and (*), i.e. (1) <==> (*), follows immediately

from the above statements b) and c).

Statement (2) implies (¥%):
e (f,g) £ R& ==> there is in G a Rl-path from f to x ¢ Xk(g)
or g € X(£f) ==> (&%)
® there is in G a path P from f to g, such that P-{f,g} contains neither

an X- nor an O-fragment ==> there is in G a Rl-path from f to

Statement (**) implies (2):
4,..
* feX (g) = (f,8 & RQ => (2)
® there is in G a Rl-path from f to x & Xe(g) => (2)

[m]




- 34 =

Because of Xk(x)=PRED(x) for X-fragments x follows immediately
COROLLARY 3:
CF={f | fe?F, £fis a X-, 0- or entry-fragment,
there is no g ¢ F with X(g)#@®, such that holds:
each path in G from E to g contains f and

(f=g or there is in G a Rl-path from f to g) }

Convention:

Unless otherwise indicated in the remainder a "path from f to g" is a

path in G=(F,R), and not in GR!
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4.3. Proof of minimality

CF has property CF2 if and only if for each f £ CF holds:

= OR for each subset C ¢ CF-{f}, C#{

Pe ™ geC pg
which is equivalent to property CF2':

CF2': for each C c CF-{f} there is at 1least one tC e T with

We will prove CF2' by showing how to construct for a given fragment

f ¢ CF two partial systems t e T with

1%

p(t ,8) = p(t,,g) for g e CF-{f})

Since, if two such partial systems exist, we can define for C ¢ CF-{f},

C#(@:

gt P(ELE) = OR o op(t),e)

and p(tc,f) # ORgsC p(tc,g) holds:
® tC=t1 ==> P(tc3f) = P(tl,f) # ORgEC P(tl)g) = ORgEC P(tc,g)

® tcztz == P(tcxf) = P(tz)f) # P(tl,f) = ORgSC P(tl,g)

= ORgsc p(t,,8) = ORgEC p(tss8)

It is interesting to mnote that it is sufficient to consider for any
f € CF only two partial systems, which furthermore depend only on f and
not on the set C: C determines just which one of both is tC. (See also

the example at the end of this section.)
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The following result is instrumental in constructing tl’ t2:
THEOREM 6:

Let be D:={fi|1SiSn} ¢ F a nonempty set of 0-, X- or entry-fragments,
such that X(g) ~c D for each g & F with X(g)#@.

F' :={ g | g & F, P°D¢f for each path P from E to g }.

Then the elements of F-F' are the fragments of a partial system, i.e.

there is tD e T with

Proof:
It must be shown that tD satisfies FG3, FG4 and FGS.
e Let be f & F-E:
p(ty,£)=1 ==> £ ¢ F-F'
==> there is a path P from E to f with P*D=(}
PRED(f)#@ ==> there is a fragment g £ PRED(f) with g & P
==> P'.=P-{f} is a path from E to g & PRED(f) with P'"*D=@, and
therefore g ¢ F-F'

==> there is a vertex g & PRED(f) with p(tD,g)=1.

Thus, property FG3 holds.

® Let be f ¢ F with X(f)#0@.
p(ty,f)=1 => f ¢ F-F'
==> there exists a path P from E to f with P*D=(}
From X(f)-D#¢ and PRED(g)={f} for each g & X(f) follows:
there is a vertex g £ X(f), such that P':=P+{g} is a patﬁ from E to g
with P'*D=@), i.e. g & F-F'
==> there is a vertex g & X(f) with p(tD,g)=1

Thus, property FG4 holds.
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© Let be f & F, X (£)=0 (£)=¢, g ¢ PRED(f):
p(tD,g)=1.==> g ¢ F-F'
==> there exists a path P from E.to g with P*D=Q
f e D ==> P':=P+{f} is a path from E to f with P'*D=@, and therefore
f e F-F'
==> p(tD,f)=1.

Thus, property FG5 holds.

Let be f ¢ CF. The partial systems t, t, to be constructed consist of

the fragments of the sets F-F1 and F—FZ, respectively, where

e
1l

{g| geF, PP{f}#@ for each path P from E to g }

FO:={ g | ge Fl’ gtf, g is an O-fragment },

F2 ={ g | ge F, PPFO#@ for each path P from E to g }
i.e.
+- +-
| 0 : g ¢ F]_ l 0 g € Fz
p(t,,g) =< p(t,,8) =<
| 1: 8¢ F-F, | 1:g¢F-F,
- +-

t1 and t2 are partial systems:

® t1 e T follows immediately from theorem 6 (with D={f})

e if FO#(, then t, & T due to theorem 6 (with D=F0); if FO=@, then F2=¢

and, thus, p(tz,f)=1 for each f ¢ ¥, i.e. t2 is the complete system:

t2 e T

tl’ t2 have the postulated properties:

From the definition of FO follows F2 c Fl; F2 is even a proper subset of

Fl because of f -g F2 and f € Fl' Thus, for g € F holds:
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p(ty,8)=l ==> p(t,,8)=1

=> g & CF-{f}, p(tl,g)=1 ==> p(tz,g)=l

It remains to be shown:
g & CF-{f}, p(t,,8)=0 ==> p(t,,8)=0

Proof:

Let be g & CF-{f}. p(tl,g)=0 implies g ¢ F,.

°* g is no entry-fragment because of gff (cf. definition of set F1).

e If g 1is an O-fragment, then g & FO (due to g#f), and thus p(tz,g)=0
(since FO ¢ FZ)'

¢ Let g be a X-fragment.
Each path from f to g contains at least one O-fragment besides f (f may
be an O-fragment).
In order to prove this let us assume that there is a path P' from f to
- such that P'-{f} contains no O-fragment, however at least one
X-fragment, namely vertex g.

1

. . ) < .
such that X(km)#¢, i.e. km+1 is a X~fragment of km. Then m<j (since

P' be the list ki’ 1€i<j, with k., =f and kj=g, m be the smallest index

kj=g is a X-fragment) and each path from E to km+1 contains f.

If m>1, then there is a Rl-path from f to km € Xe(km+1), otherwise
km=f € Xe(km+l). Due to theorem 5 this is a contradiction to f & CF and
disproves the assumption.

Therefore, since each path from E to g contains f, each path from E to

g contains at least one element of FO, i.e. g & F_, and thus p(tz,g)=0.

2
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We have shown

p(t;,8) = p(t,,g) for ge CF-{f}

and 0=p(t1,f) # p(tz,f)=1 (because of f & Fl’ f -e FZ)

i.e. t1 and t2 are the partial systems to be constructed for f.

Consequently, for each f £ CF there are partial systems t t2, such that

1)

f 1is the only element in CF with different relevance values for t1 and

tz; in other words, through assigning relevance values to the fragments

of CF-{f} only one cannot obtain all possible partial systems. This is

the minimality property CF2 (or CF2').

Example:
For fragment f=1.1 of the example system
F1={ 1.1, 2,11, 2.1, 13} Fo={2.1} F2={ 2.1, 13}

Thus, t, consists of the fragments F-{1.1,2,11,2.1,13}, t, of F~{2.1,13}.

1

If C={2.1}, then tc=t2; else, even if 2.1 ¢ C, t

2

C=t1 (all characteristic

fragments of CF~-{1.1} except for 2.1 have relevance value 1 for tl).
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5. Properties of Q-sets

In this section we examine properties of {l-sets. These results will be
used in the remainder show that algorithm 1 yields a characteristic set

CF. Also, Q of step 2 is shown to be unique for a fragment system.

THEOREM 7:

Each fragment f € F is element of exactly one Rl-set of Q(O)

Proof:

e wl,wz € Q(O) are Rl-sets, the respective root fragments are X-, O-,

S- or entry-fragments. Due to theorem &
W, c W or W tu, = 0]

and

Wy cuw, or W, = @

==> w1=w2 or wl*w2=¢, i.e. £ ¢ F is element of at most one Rl-set of
(0.

® Suppose f € F is not element of any Rl-set.
Then, f is no entry- or S-fragment, i.e. |[PRED(f)|=1. In addition, f is
neither a X- nor an O-fragment: thus the predecessor f' of f, too,
cannot be element of a Rl-set, since this set would contain f. These
arguments also apply to f', thus the predecessor of f' cannot be
element of a Rl-set, and so forth. Since F is a finite set this implies
the existence of a Rl-path from some e ¢ E to f, the vertices of which
are not contained in any Rl-set. It follows in particular that e is not

element of a Rl-set, a contradiction to step 1 of algorithm 4.1.
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The statements on § in the remainder of this section follow from
properties of the sets Q(i), the proofs are through induction on index 1i.
COROLLARY 4:
a)  is a disjoint decomposition of F
b) Each w € @ is the union of Rl-sets of Q(O)
Proof:
a) Q(O) is a disjoint decomposition of F according to theorem 7.
In step 2 of algorithm 1 Q(i+1) is derived from Q(i) through replacing
two elements of Q(i) with their union
==> if Q(i) is a disjoint decomposition of F, then this holds also for
Q(i+1).
I.e. for each i20 Q(i) is a disjoint decomposition of F. Since F is

finite, this is true also for Q.

b) Similarly, straightforward induction on i shows that for each index
i20 each element of R(l) is the union of elements of Q(O). Again,
since F is finite this implies statement b. .

o

THEOREM 8:

i , =
f,g e w, we R( ), i20 => pg E pg

Proof:

The theorem holds for i=0 (statement a on definition 5).

Inductive hypothesis: the theorem is true for the elements of Q(l), i20.

Inductive step: let be w € Q(l+l).

i i+
(1)*9(1 D nothing is to be shown, the inductive hypothesis

° For we
applies immediately.

e Tor w ¢ Q(i+1)—9(i) holds:
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- (1)
W w1+w2, where W Q

PRED(ROOT(wZ)) cw

W, €

1249 and (without loss of generality)

1"
With u:=ROOT(w1), v:=ROOT(w2) follows from the inductive hypothesis:

PPy for x ¢ Wy PSPy for x ¢ W,

Because of PRED(v) c w, equation Gl of section 3.1 (v is a S-fragment)

1

yields: Pv ~ ORstRED(v) Px = Py

L1}

p. Zp_ for x g w, tw,.

- Px"Pu v 1 72

"
I.e. the statement of the theorem is true also for the elements of Q(l b

and, thus, holds for each i20.

m}

THEOREM 9:

Let be w ¢ Q(i), i20. Each path from x ¢ F-w to g £ w contains ROOT (w).
Proof:

The theorem holds for i=0 (second part of statement ¢ on definition 5).

Inductive hypothesis: the theorem is true for the elements of Q(l), i20.

Inductive step: let be w ¢ Q(l+l).

W E R(i)*ﬂ(i+l)

¢ For nothing is to be shown, the inductive hypothesis

applies immediately.

e For w ¢ Q(i+l)-9(i) holds:

w=w1+w2, Q(l)

PRED(ROOT(wz)) cw

where Wy, € and (without loss of generality)

1
With u:=ROOT(w1), V:=ROOT(w2) the inductive hypothesis yields:

(1) g ¢ Wy ==> each path from x € F-(wl+w2) to g contains u

(2) g ¢ w, => each path from x € F-(w1+w2) to g contains v

PRED(v) ¢ w, => each path from x ¢ F—(w1+w2) to g £ w, contains an

1 2

element of 0, and because of (1) also u

==> each path from x ¢ F-(w1+w2) to g ¢ w1+w2 contains u=ROOT (w).
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I.e. the statement of the theorem is true also for the elements of Q(l+l)
and, thus, holds for each i20,

[m]

Since |F| is finite and because of @ = R(l) (step 3 of algorithm 1), the
statements of both theorem 8 and 9 hold also for 9:
COROLLARY 5:

Let be w & Q:

1

a) f,g e v => Pe = Py

b) Each path from x € F-w to g £ w contains ROOT(w).

Remark:
In general the reverse of corollary 5a does not hold. Consider the

fragment graph consisting of entry-fragments 1 and 2 and S-fragments 3

and 4:
|1 |2
|3 H4
Here Py = Py, E Py OR Pys the fragments 3 and 4, however, are elements of

different Q-sets: Q = { {1},{2},{3},{4} }.
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THEOREM 10:

f be an 0-, X-, 8- or entry-fragment, ge F, w e . If £ ¢ P for each
path P from an entry-fragment to g and each path from f to g is a
Rl-path, then holds: few=>geuw

Proof:

Let L(y) denote the maximum of the path-lengths of all paths from f to
yeF, i.e. L(y) :=max { |P|-1 | y ¢ F, P is a path from f to y }.

Since F is finite and (F,R) is acyclic |F| is an upper bound for the
length of a path from f to g: L(g) < |F| < », Therefore, we show by
induction on L(g) that the statement of the theorem holds for all finite

values of L(g).

L(g)=1 ==> g is no S~-fragment (each path from E to g contains f)
==> g ¢ R1(f). Therefore:
few=>RI(f) cw==>ge w (cf. corollary 4b)
Inductive hypothesis: the statement holds for g ¢ F with L(g)<k, k>1.
Inductive step:
Let g be a fragment with L(g)=k+1, PRED(g)={gi|ISiSm}, f € w. Since each
path from e ¢ E to g contains vertex f, this is true also for each path
from e to x £ PRED(g). Because of L(x)<k for x £ PRED(g) the inductive
hypothesis yields for 1<i<m: f & w => g; & O.
e If m>1, i.e. if g is a S~fragment, then R1(g) ¢ w due to step 2 of
algorithm 1 and corollary 4b;
® else (i.e. if PRED(g)={g1}) the path from 81 to g is a Rl-path. Thus:
§1:8 F R1(x) for some x & F and R1(x) ¢ w (because of g, E W and
corollary 4b).

In both cases follows g & w, such that the statement holds for each
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finite value of L(g)21.

a

As has been pointed out above if in step 2 there is a choice of pairs for

the construction of w(l) algorithm 1 does not specify, which pair to
merge. We now show that irrespective of the order of merging algorithm 1
always produces the same disjoint decomposition of F, i.e. R is uniquely

determined:

THEOREM 11:

For a given fragment system algorithm 1 produces exactly one {-set.

Proof:

Let Q' and Q" be two Q-set constructed with algorithm 1 for a fragment

system (F,R,X,0,E,p). Let be w' & Q' and ROOT(w')=r'.

e It is R1(r') c w'. According to corollary 4 there is some w" & Q" such
that R1(r') ¢ w".

e For other Rl-sets in w®', i.e. for each Rl-set R=R1(f) ¢ Q(O) with
R ¢ w' and R#R1(r') holds:
each path from E to f contains r' (corollary 5b) and each path from r'
to f is a Rl-path (FGO guarantees the existence of such a path). From

r' & w" follows f & w" (theorem 10) and R c w" (corollary 4b).

I.e. for each w' & Q' there is w" & Q", such that w'" contains all Rl-sets

of w', and thus w' c w".

Both Q' and Q" being disjoint decompositions of
F implies Q'=Q".

m]
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6. The relevances of a fragment system

This section shows how to obtain for the fragments f & F of a fragment
system CF-representations C(f) c CF and, thus, relevance expressions Pe =

0 In this way we prove that the set CF of algorithm 1 has

Resc(s) g’
property CF1.

Since the elements of a -set have the same relevance (corollary 5a) and
£ is a disjoint decomposition of F (corollary 4a), it suffices to
construct CF-representations of the root-fragments of the {i-sets, i.e.

for the elements of FQ.

DEFINITION 6:
SUCX(f) :={ g | g £ F, X(g)*®, each path in G from E to g contains f,
(*) f=g or there is in G a Rl-path from f to g }

(Examples follow in section 6.4)

Remarks:

® According to theorem 5 and corollary 3 holds for f & F with
|PRED(£) |<1: SUCX(f)=@ <==> XQ(£f)=@ <==> f & CF

e If f is an entry-fragment, then f is the only entry-fragment, from

which there is a path to the fragments of SUCX(f).
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6.1. The relevances of X- and entry-fragments
Let be f ¢ FR a X~ or entry-fragment.

6.1.1. CF-representations

e f ¢ CF: a CF-representation of f is {f}, because of the minimality
property CF2 this is the only one.

e f -¢ CF:
==> SUCX(f) # @ (cf. remark on definition 6).
Let be n:=|SUCX(f)|21, SUCX(f):={fi|1$iSn} and X(fi):={fi’jIlSjSm(i)},

1<i<n.

For each i with 1<i<|SUCX(f)| and t & T follows
p(t,f)=0 ==> p(t’fi)=0 (theorem 3 with F'={f}) and

p(t,f)=1 ==> p(t,f,)=1 (sections 3.2.3, 3.2.4 and % )
P i

==> there are n=|SUCX(f)| equations for Pe (cf. section 3.2.1):

= or™(1) <i<
pe = ORI 7Py 1<4i< | SUCX(£) |
and n equations for C(f):
= = m(i) <4<
C(£) = C(£y) +j=1 C(fi’j) 1<4i<| SUCX (£) |

If there is an index i such that £, I g€ CF for 1=<j<m(i), then
b

m(i) m(1) , ,
+, C(f, .) = +, f, .} is a CF-representation of f.
j=1 ( 1,3) =1 { 1,3} P

If f, ., ~e CF, 4i.e. SUCX(f, ,)#@¢, then C(f, ,) itself is the union of
i,] i,] 1,3
CF-representations of the X-fragments of an element of SUCX(fi j), etc.
b
Since F is finite and (F,R) acyclic, this substitution process yields

after a finite number of steps a set C(f) c CF with Pe = ORgsC(f) pg.

These considerations lead to the following recursive algorithm for the
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construction of CF-representations:

ALGORITHM 2: Construction of a CF-representation C(f)

Input : fragment graph (F,R,X,0,E), X- or entry-fragment f & F
Output: a CF-representation C ¢ CF of f
Algorithm:

C = C(f)

with:
FUNCTION C(£f)
IF (SUCX(f)=@)
THEN G = (f)
ELSE DO
select a fragment d & SUCX(f)
let be X(d)={ d, | 1<i|X(d)| } and n=|X(d)]
n
C = +i=1C(di)
| END
END

6.1.2. Constraints

If there are n=|SUCX(f)|>1 equations for Pes then the n relevance
expressions must be identical, i.e. the following n-1 'relevance con-
straints" must hold:

1) - m(i) ,
(RC1 or™ ¢ ., = OR" . 2<i<|SUCX (£
) =1 P1,; =1 i, |SUCK(£]
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6.2. The relevances of O-fragments
Let be £ £ FQ an O-fragment.

6.2.1. CF-representations

e f ¢ CF: a CF-representation of f is {f}, because of the minimality
property CF2 this is the only one.

e f ~g CF:
==> SUCX(f) # @

Let be n:=|SUCX(£)|21, SUCX(£):=(f]1<isn} and X(f,):=(f; |1<jsm(D)},
)

1<i<n.
As in section 6.1.1 holds Pe E Py such that there are |[SUCX(L)|
equations for p_: p,. = ORm(i)p 1<i<|SUCKX(£) |

f f =1 "i,j

For each X-fragment fi j a CF-representation C(fi j) can be constructed
3 3

with algorithm 2, which leads to n CF-representations of f as follows:

C(f) = +?£i)c(fi’j) 1<i< | SUCK(£) |

6.2.2. Constraints

At least one constraint in form of an implication RC2 must hold:

e Let be g e F the predecessor of f in GR , di.e. (g,f) € RR. Then
according to section 3.2.2 (and with corollaries 4 and 5) must hold for
t e T:

(RC2) pe(t)=1 => pg(t)=1

e If |SUCX(f)|>1 then in analogy to section 6.1.1 there are additional

|SUCX(£)| -1 constraints of the form RC1.
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6.3. The relevances of S-fragments
Let be f ¢ F a S-fragment.

6.3.1. CF-representations

According to theorem 1 is equal to a relevance expression with the

Pe
relevances of 0-, X- or entry-fragments fo i say, 1£j<m(0):

. m(0)
Pr = ORim17Po,j

Since a CF-representation C(f0 j) can be constructed for each of the
3

fragments fO 3 according to the preceding sections, a CF-representation
3

of f can immediately be derived from this equation:

m(0)

C(f) = +, C(f, .

() = +15ecg
6.3.2. Constraints
If |SUCX(f)]|20, then in addition

= or(1) <i<

Pe = ORIZp, | 1<i<|SUXC(£) |

which leads to |SUCX(f)| constraints of the type RCI1:
or™(0) = or%H), 1<i<|SUCX(£) |

=1 P0,5 7 i1 Pag




6.4. The relevances of the ex

We apply the results of the

determine its relevances.

a) The decomposition R of F

(corollary 5a):

TPyl TPy TPy

T P2 TPyt Py ¥
P1.3 %P3 =P -
P15 = Pg "
P16 = P10 *

Starred equations involve
therefore in these case

the pertaining fragments i

b) CF-representations of the
CF does not contain the X-

entry-fragment 1 (cf. sect

fragments according to sec
f | SUCX(f) |
T U
4.2 | {4.2} | { 4.2.1,
1.3 | {4} | { 4.1} +
1.5 | {8} | { 8.1, 8.
1.6 | {10} | { 10.1,10.
1 | {1} | { 1.1, 1.
: } ={1.1,
5.1 | {6} | { 6.1, 6
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ample system

preceding sections to the example system and

(figure 4) leads to the following equations

Pr.1 = P13 " P10.1 7 P17
Pg.1 %P1y " P10.2 T Pig
Pg.1 = P15 * P1o.3 % Pap
Pg.o = Pisg Ps.1 * Pg
Pg.3 = Pig T Ps.g TPy
Paa = Paz.1 TPy 9.0% Py

the relevance of a characteristic fragment,
s a CF-expression and a CF-representation of

s already given.

X- and entry-fragments:
fragments 1.3, 1.5, 1.6, 4.2, 5.1 and the

ion 4.2.2). CF-representations C(f) of these

tion 6.1:
C(f)
4.2.2 }
C4.2 ={ 4.1, 4.2.1, 4.,2.2 1}
2}
2}
2, 1.4} +C(1.3) + C(1.5) + C(1.6) =
1.2 , 1.4 , 4.1 , 4.2.1 , 4.2.2 ,
8.1, 8.2, 10.1 , 10.2 }
2} .




c)

d)

CF-representations of the O-fragments:
Since here the O-fragments are characteristic fragments, nothing needs

to be done: C(f)={f}.
CF-representations of the S-fragments:

According to section 6.3 there are two CF-representations of fragment
5: {2.1, 1.1, 1.4} (theorem 1) and { 6.1 , 6.2 , 5.2 } because of
SUCX(5)={5}#0.

For the remainder we set: c() :(={6.1,6.2,5.2}

Due to SUCX(22)=@ a CF-representation of fragment 22 can be determined
only by means of theorem 1. Replacing in the relevance expression for

Poo according to theorem 1 (cf. section 3.1) the relevance P13 with

OR (the CF-expression for Py 3) leads to:

££C(1.3)P¢
c(22) ={ 2.1, 4.1, 4.2.1, 4.2.2 , 9.1, 8.3, 10.3 }.
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7. The set of partial systems

In this section we shall develop an explicit specification for the
mapping p and the set of partial systems T.

To this end we assume that a given set of fragments can be the building
blocks for at most one partial system; in particular is not possible to
construct with a given set of fragments simply through rearranging
fragments two different partial systems. This one-to-one correspondence
is no stringent restriction: e.g. the textual order of subprograms of a
program system 1in general does not affect the behavior of the program
system. (Note: we do not postulate that the order, in which fragments are

integrated to form partial systems, does not matter; cf. [13].)

CF={gi|1$iSn} be a characteristic set and Py the relevance of 8 for
1<i<n. Let Ft denote the set of fragments relevant for partial system t.

F={f| feF, p(t)=1}

={f| feF, OR pg(t) =1 }

geC(£f)

i.e. Ft is determined by the |CF| relevance values pi(t), 1<iZ|CF].

Because of the one-to-one correspondence between Ft and t with each t ¢ T
can be associated exactly one element of B|CF|, denoted by t(t), as
follows:

T(t) = <P1(t)> ey PICFI(t)>

1(t) will be referred to as the representation of t & T.

Note: The representation of the complete system is the element of BICFI

with the relevance value 1 for all components.

With the representations of the partial systems it is possible to

explicitly specify mapping p:
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p(t,f) = ORisI(f) T(t)[i] for t e T, feF
where I(f) := { i | g; ¢ CF*C(f) }
(i.e. I(f) 1is the set of the indices of the characteristic fragments in

the CF-representation C(f) of £ & F).

Example:

The example system has a characteristic set of |CF|=18 fragments (see

figures 4 and 5); these fragments be assigned indices as follows:

il 1 2 3 4 5 6 7 8 9 10
o e e
gl 1.1 2.1 1.2 9.1 1.4 5.2 5.3 6.1 6.2 4.1

i 4.2.1 4.2.2 8.1 8.2 8.3 10.1 10.2 10.3 |

Then, the representation of partial system t_ins (appendix II) is
t(t_ins)=(1,0,1,0,0,0,1,1,0,0,0,0,1,0,0,0,0,0):

t_ins is the partial system with the characteristic fragments 1.1, 1.2,

5.3, 6.1 and 8.1.

For fragment 22 we have (cf. section 6.4d) 1(22)={2,4,10,11,12,15,18},

thus: p(t_ins,22) = OR 1(t_ins)[i] =0 .

ieI(22)
The complete 1list of the sets I(f) for the example system and the

relevance values for t_ins are given in appendix III.

Note that there is no partial system t of the example system with a

representation (0,1, ... )sBlS: because of p(t,2.1)=1 ==> p(t,1.1)=1 for

each t ¢ T (cf. section 6.2, RC2) 1(t)[1] must be 1 whenever t(t)[2]=1.

In general 1 ¢ BICFI in order to be a representation of a partial system

t £ T must satisfy restrictions of the form
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ORjgrptlil = ORypporlil

[i]=1

ORiEIlT[l]=1 ==> ORisIZT

with 11,12 ¢ {1, ...,|CF|}.

A subset of these restrictions is implied by the fragment graph:
relevance constraints RC1 and RC2, which are obtained as a "side product"
with the determination of the relevances according to section 6, must be

satisfied by each partial system.

From these constraints restrictions for 71 & B|CF are derived by

Tl: replacing relevances with their CF-expressions and

T2: substituting in the resulting relevance expressions 1[i] for each Py
or pi(t)’ respectively.

‘Since in general there may be several CF-representations for a fragment a

single constraint may give rise to several different restrictions for t.

In order to obtain all restrictions the sets of CF-representations of the

fragments involved in the constraints must be computed. To this end we

define:

DEFINITION 7:

M. and M2 be two sets, S

1 c ﬂ(Ml), S2 c ﬂ(Mz).

1

S ®s, = { s +s, | s

1 °2 1752 €81, 5,85, }

1 2772

Explanation:

SlnS2 is the set consisting of the unions of the pairs of slxsz:

e X js commutative

e |Sl|=|Szlfl ==> Sl’:‘S2 = {sl+sz}
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Let C_ALL(f) denote the set of all CF-representations of f ¢ F. It is
sufficient to consider f ¢ FR with |PRED(f)|<1, since the constraints to
be  manipulated according to Tl involve relevances of O0-, X- or
entry-fragments only:

-

| (£} : SUCX(£)=@ (i.e. f & CF)
C_ALL(f) := <

n . = <i<
| +i=1 C_ALL(fi) : SUCX(f) {fill_l_n}
+=

where n=|SUCK(£)|>0, C_ALL(f,) = G_ALL(f, ,)®...¥C_ALL(f, 1)) and

ym(
X(fi)={fi,jIISjSm(i)}

This leads to the following recursive algorithm, basically an extension

of algorithm 2:

ALGORITHM 3: Determination of all CF-representations
Input : fragment graph (F,R,X,0,E); O-, X- or entry-fragment f ¢ F
Output: set C of all CF-representations of f
Algorithm:
C = C_ALL(f)

with:
FUNCTION C ALL(f)
IF (SUCX(£)=@)
THEN C_ALL = {f)
ELSE DO
let be SUCK(£)=(£,|1<i<n}, n=|SUCX(f)| and

X(f )={f, .|1<j<m(i)} for 1<i<n.
i i,]
= 4 GRS -
C_ALL +i=1( C_ALL(fi’l) - C_ALL(fi
END

1))

»m(

END

Since F is finite and each path of (F,R) is acyclic, algorithm 3 yields

in a finite number of steps the set of all CF-representations.
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Not all restrictions are inherent to the fragment system and, thus,

mechanically derivable. Additional restrictions may be necessary for the

characterization of the set of correct partial systems. Such restrictions

may e.g; stem from properties of the system interface: due to the

semantics of the operations provided it may be the case that

¢ a set of two or more operationé will always be used together

¢® the execution of an operation O implies the execution of one of n
operations Oi’ 1€i<n (as prerequisite or consequence).

Such properties are statements on the relevances of fragments, which take

the form of relevance constraints RC1l and RC2, respectively, and thus can

be transformed into restrictionms.

As will be exemplified below restrictions may also correspond to

properties of the system that are not modeled by fragment systems as e.g.

the "semantics" of modules.

Example: The restrictions of the example system

1) Inherent restrictions
Inherent to the fragment graph (figure 4) are the following constraints:
¢ for {-sets with an O-fragment as root (section 6.2.2, RC2):
p(t, 2.1)=1 => p(t,1.1)=1
p(t, 9.1)=1 ==> p(t,1.2)=1
p(t, 5.3)=1 => p(t, 5 )=1
p(t, 8.3)=1 => p(t,1.5)=1
p(t,10.3)=1 ==> p(t,1.6)=1
¢ for the {-set with S-fragment 5 as root: one RCl-constraint because of

|SUCX(5)|=1 (cf. section 6.3.2)

Py.q OR Py ORpy , Zpg § OR pg
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No additional RCl-constraints can be inferred from the fragment system,

since |SUCX(f)|<1 for the root-fragments f of the other Q-sets.

With the indices of CF from above and utilizing the CF-expressions of
section 6.4 (cf. also the sets C(f) and I(f) of appendix III) these con-
straints correspond to the following restrictions:

[ 2]

]

1 o==> [ 1]

i

1

t[ 4]=1 == [ 3]=1

because there are 2 CF-representations of fragment 5 (cf. section 6.4d):

t[ 7]=1 ==> 1| 8] OR 1[ 9] OR [ 6] = 1
[ 7]=1 ==> [ 2] OR t[ 1] OR t[ 5] =1
t[15]=1 ==> 1[13] OR t[14] = 1
t[18]=1 ==> 1[16] OR t[17] =1

t[2] OR t[1] OR t[5] = v[8] OR 1[9] OR 1[6]

2) Additional restrictions

As to the operations provided by DBMS description in appendix II states

("'+" stands for "requires'):

® OPEN*CLOSE, CLOSE®OPEN (operations OPEN, CLOSE must be used together):
P2.17P9.1 » P1.1%P1.2

® INSERT -+ OPEN: p8'1(t) OR p8.2(t) =1 = pl.l(t)=l

° FIND » OPEN: p, ,(t) ORp, , 1(t) OR p, , ,(t) =1 ==>p . (t)=1

e GET - FIND: pg 1(£) OR p. ,(£) OR pg ,(t) =1==>

==>p, 1 (E) OR p, o 1 (E) OR p, , H(£) =1

These five relevance constraints yield five restrictions:
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t[2]=t[4] t[l]=t[3]
1[13] OR t[14] = 1 ==> 1[1]=1
1[10] OR t[11] OR t[12] = 1 ==> t[1]=1

t[8] OR [9] OR t[6] =1  ==> t[10] OR t[11] OR t[12] = 1

In order to perform operation OPEN a partial system must retrieve
information from system catalogues (see appendix II). To this end the
same module (fragment 5) is invoked as the "ordinary" user operation GET
does, with the effect, however, that only fragment 6.1, i.e. algorithm
A8, is executed, but never fragments 6.2 or 5.2; i.e.:

(t)=1 =

OPEN + algorithm AS8: (t)=1

1.1 => Pe.1

This constraint cannot be inferred from the fragment system! It yields

the additional restriction t[1]=1 ==> t[8]=1

The set of partial systems of a fragment system can be viewed as a subset
of BICFI. If NC is the number of characteristic fragments not involved in

any constraint, then for the number |T| of partial systems holds:

N < 7y < 2l CFI

The following result may be used to obtain better upper bounds for |T|:
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THEOREM 12:

m n
Let be x=<x1, ey xm>‘s B, y=<yl, e yn> g B ..

+
1) there are (2m~1)*(2n-1)+1 different elements (x,y) € B™ ™ such that

m _..n
ORj=p ¥3 = ORyy ¥

+
2) there are (2m-1)*(2n—1)+2n different elements (x,y) ¢ B™™ such that

m n
= === =
ORi=l Xy 1 ORi=l vi 1

Proof:

There are 2°-1 elements of B' with at least one component equal to 1,

1<i,

For each x & B" with ORni]=1 X, = 1 there are 2"-1 elements y € B" such

that ORf,Ll= ' =1, thus there are (Zm-l)*(Zn-l) elements (x,y) ¢ Bm+n such

1
that both sides of the first equation evaluate to 1.

This concludes the proof of the first statement, since both sides of the

equation evaluate to 0 if and only if x=<0,...,0> and y=<0,...,0>.

The second statement is a consequence of the fact that, if ORni]=l Xy =0 is
. . , n n,_,n

true, the implication holds for each y ¢ B (and |B [=27).

a

This theorem says that there are at most (Zm—l)*(Zn-1)+1 partial systems

satisfying ORi t[i] = OR [i] and at most (Zm-l)*(Zn-1)+2n partial

ier2"

1[i]=1 => ORisIZT[i]=1’ where m=|11|, n=|I2|

ell

systems satisfying ORieIl

and I1%I2=@,
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8. Conclusions

The notion of fragment system has been presented. Originally, this
concept has been designed specifically as a model for program systems
with partial systems; it is, however, generally applicable to families of
software systems including their job control programs, documentation,
test data as well as hardware systems. It models the interdepeﬁdencies
among the building blocks, out of which the members of a system family
are constructed. For software systems these interdependencies may
represent the data and control flow of the program system {12, 13] or
information on interconnections among configurations, versions, revisions
of the system family [20].

These  interdependencies describe the structure each partial system
adheres to and, thus, indirectly the set T of possible partial systems.
An explicit representation of T as a subset of {0,1}n has been
constructed, where n is minimal and its elements satisfy equivalences and
implications of Boolean expressions with OR-operators only. Restrictions
of this type are inherent to fragment systems and can be algorithmically
inferred from them. Additional restrictions of this form representing
e.g. semantics of the system interface may be necessary for the

characterization of the set of partial systems.

The concepts and results of this paper have been employed for the
generation of partial systems of an operational database management
system (details are given in [11, 14, 15]): A specification system
collects, among  other things, the relevance values of the 32

characteristic fragments, constructs the representation T of the desired




partial system and passes T to a program generator. For program
generation at first job control programs for source program generation,
compile and link steps are generated. These JCL-programs form partial
systems of the JCL-programs of the given database management system, i.e.
in this case besides source code fragments there are also fragments with
JCL-statements. Their relevances form relevance expressions with

relevances of code fragments.

Restrictions involving  OR-operators only are sufficient for the
characterization of partial systems of a program system in the sense of
[12, 13]. For the use in general customizing systems, as e.g. MACS [5],

or version control systems [3, 19, 20] two extensions are necessary:

First, general logical expressions must be allowed as restrictions:

In system families there are typically groups of components, e.g.
revisions of a module, that exclude each other in that for the
construction of a member of that family at most one element of a group of
components may be wused. In terms of relevances this means that the
relevance of a fragment may be the 'negation'" of some relevance
expression. This type of structural information cannot be modeled with
fragment systems, rather it must be added (by the software engineer, say)
in form of logical expressions involying the NOT-operator to the

restrictions inferable mechanically.

A second extension refers to the fragment concept as such. The relevance
of a fragment may depend also on the "environment' of the system: e.g. a
module of a family of program systems may be required, only if the system
is intended to run under a particular operating and/or hardware system.

In order to be able to express options of this kind uniformly in terms of
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relevances, the set of fragments representing ''real" system components
can be supplemented with "virtual' fragments that represent such aspects
of the environment. In the application mentioned above e.g. such a
fragment was defined in order to be able to specify the compiler (FORTRAN

IV or FORTRAN 77) to be used for the compilation step.
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APPENDIX I: Notations, definitions

This appendix gives the basic definitions and notations of set and graph

theory used in this paper (cf. e.g. [1], [2]).
Let M and N be sets:

A: The cardinality of M, denoted: |M|, is the number of elements in M.

@ denotes the empty set, i.e. |@|=0.

B: M*N denotes the intersection M+N the union of M and N. The union of n

sets M,, 1<i<n, is denoted by: +._. M,
i =1

The Cartesian product of M and N is the set

MXN :={ (m,n) | me M, neg N }
T(M) denotes the power set of M, i.e. the set of all subsets of M.

A set of subsets Mi’ 1<i<n, 4is a disjoint decomposition of M if

Mi*Mj=¢ for i#j and for each m ¢ M there is some k, 1<k<n, with

m g Mk'

C: A set R ¢ MXN is called a (binary) relation from M to N.

A partial order on M is a relation R ¢ MxM such that

® (x,x) € R for each x ¢ M (R is reflexive)
° (x,y) € R, (y,x) ¢ R ==> x=y (R is antisymmetric)

* (x,y) ¢ R, (y,2) ¢ R= (x,z) e R (R is transitive)
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: With R a partial order on M a set L ¢ M is called a list, if for each
pair (x,y) € LXL either (x,y) ¢ R or (y,x) ¢ R. L{i] denotes the i-th
element of list L, L is written using angular brackets:

L =< L[1], L[2], ..., L[i], ... >

: A mapping f: M --> N is a relation f ¢ MxN such that

(x,y) & £, (x,2) ¢ £ => y=z

Two mappings f: M --> N, g: M --> N are said to be equal, denoted: f

g, if f(x)=g(x) holds for each x & M.

: A directed graph is a pair G=(M,R), where M is a set and R a binary

relation R ¢ MxM. The elements of M are called the vertices, the
elements of R the edges of G.
Let k,kl,k2 be vertices of a directed graph G=(M,R):
® The predecessors of k in G are the vertices of the set
PRED(k) := { x | x ¢ M, (x,k) ¢ R}
® The successors of k in G are the vertices of the set
SUCC(k) := { x| xe M, (k,x) € R}
¢ A path P from x to y is a list of n>2 vertices ki’ 1£i<n, with
(ki,ki+1) ¢ R for 1£i<n-1 and kl=x, kn=y. Pisa cycle if x=y.
A path from a set K of vertices to y is a path from some element
x & K to y.
e k is said to be accessible from kl’ if there is a path from k1 to

2

kz.
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G: A tree is a directed graph G=(M,R) such that:
1. G has no cycles
2. there is exactly one vertex r € M with PRED(r)=@; r is the root of
G
3. ke M, k¥¢r == | PRED (k) |=1
4. for each vertex k ¢ M, k#r, there exists a path from r to k.
A vertex k & M without successors, i.e. [SUCC(k)|=0, is called a leaf

of G,
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APPENDIX II: The example system DBMS

The program system of fig. A-1, called DBMS, is used throughout this
paper for demonstration purposes (cf. [11]). It sketches the
implementation of a database management system with a simple, one-tuple

database interface consisting of the six operations of table A-1.

+ + +
| operation | semantics |
+ + +
| OPEN | acquire a lock on a relation; in order to access |
I | the tuples of a relation the relation must be |
| | locked by the application program |
dmmmm e Ry +
| CLOSE | release a lock; at the end of a transaction all |
| | locks acquired (with OPEN) must be released by the |
| | application program |
N e Sy S +
| FIND | select a set of tuples of a relation satisfying a |
| | qualification, make them available in a QSS |
dmmmm e Sy +
|  GET | retrieve a tuple of a QSS |
bommmm e Ry +
| INSERT | insert a tuple into a relation [
S SR — rmm e e e e e M e e e e e Meme i —mmemmemeaaeaa- +
| DELETE | delete a tuple from a relation |
+ + +

Table A-1: The operations supported DBMS

For the implementation of relations DBMS supports two storage structures
(cf. variables FILE TYPE of program units INSERT and DELETE of fig. A-1),
access paths can be supported through "sequential search", hashing or an
inverted files.

There are two access methods (variable ACCESS TYPE of program unit GET):
"sequential search" und "direct access'" (employing lists of tuple

identifiers TID).
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PROCEDURE DBMS
1F (OP<1 OR OP>6)
THEN return 'operation unknown’
CASE OP OF
1: OPEN
2: CLOSE
3: FIND
L: GET
5: INSERT
6: DELETE
END
END

PROCEDURE OPEN
OPEN_RF
OPEN_IF

END

PROCEDURE CLOSE
CLOSE_RF
CLOSE_IF

END

PROCEDURE FIND
USE INDEXES
evaluate INDEX_TABLE
STRTGY !
return gss
END

PROCEDURE STRTGY
determine access~strategy and
set ACCESS_TYPE
CASE ACCESS_TYPE OF
1: build seq.search gss
2: BEGIN
CASE FILE_TYPE OF
1: calculate tid

29 0 e e e e e e
RETRIEVE_TID_LIST
eno 00T
build direct-access gss
END
END
END
PROCEDURE GET
NEXT_TUPLE:
CASE ACCESS_TYPE OF
1: NEXT_SEQ
2: NEXT_TID
o .
1F (qualification is not satisfied)
THEN GO TO NEXT_TUPLE
END

PROCEDURE NEXT_SEQ
CASE FILE_TYPE OF

1: next_1
2: next_2
END

END

PROCEDURE NEXT_TID
return next tid of tid=list
END

PROCEDURE RETRIEVE_TID_LIST

END

PACKAGE INDEXES

INDEX_TABLE: ARRAY OF INTEGER

END

PROCEDURE OPEN_RF

GET
END
PROCEDURE CLOSE_RF

END

PROCEDURE |NSERT
CASE FILE_TYPE OF
1: INSERT_1
2: INSERT_2
END
INSERT_TID
END

PROCEDURE INSERT_1

« e T

END

PROCEDURE |NSERT 2

eno

PROCEDURE INSERT_TID
USE INDEXES

eno

Fig. A-1: The example system DBMS

PROCEDURE OPEN_IF
USE INDEXES
Ger

END

PROCEDURE CLOSE_IF
USE INDEXES

L T Y

END

PROCEDURE DELETE
CASE FILE_TYPE OF
1: DELETE_1
2: DELETE 2
END
DELETE_TID
END

PROCEDURE DELETE_1

END

PROCEDURE DELETE_2

END

PROCEDURE DELETE_TID
USE INDEXES

L )

END
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Table A-2 delineates the implementation of the operations of table A-1,
with the pertaining program fragments in angular brackets (statements,
subroutine calls); the right-most column contains the 'names" of the

algorithms of DBMS in form of the integers 1 through 17.

Partial system t ins of DBMS (cf. [11]):

Let A be a database application, the only purpose of which is to collect
and store data in (one or several relations of) a database.

We assume that storage structure 1 is used for the implementation of the
relations to be operated on by A; since (i) there are no retrieval
operations to be supported and (ii) the maintenance of inverted files
slows down update operations, no inverted files will be employed for A.
For this type of application algorithm 12 (insertion according to storage
structure 1) suffices for the implementation of operation INSERT. A has
to lock and unlock the relations to be accessed (operations OPEN, CLOSE;
see table A-1): for these purposes only algorithms 1 and 3, respectively,
are necessary for A (and not algorithm 2 or 4, since here inverted files
will not be encountered). It is assumed that the relations ("'system
catalogues") holding the database schema are implemented according to
storage structure 1, too: access to system catalogues (the call to GET in
OPEN RF!) requires algorithms 8 and 11.

The partial system of DBMS providing the operations OPEN, CLOSE and

INSERT with these five algorithms is referred to as t_ins.
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+ + +
operation | implementation | algorithm |
+ + +
OPEN | lock relation <OPEN_RF> | 1 |
| if inverted files exist for the relation, | |
| acquire locks and update INDEX TABLE | |
| <QPEN_IF> | 2 |
----------- g U
CLOSE | release lock for relation <CLOSE_RF> | 3
| if inverted files exist for the relation, | |
| release locks and update INDEX TABLE | |
| <CLOSE_IF> | 4 |
----------- N U O S
FIND | determine in INDEX TABLE the available |
| inverted files <evaluate INDEX TABLE> | l
| determine access technique and create a | |
I subset (QSS) for | |
| sequential search <build seq.search gss> | 5 |
| or | I
| direct access employing: | |
| hashing <calculate tid> | 6 I
[ TID-1ist via inverted file | |
l <RETRIEVE TID LIST> | 7 |
___________ e o e o et e o b o
GET | retrieve next tuple through: | |
| sequential search <NEXT SEQ> according to | |
| storage structure 1  <next 1> or | 8 |
| storage structure 2  <next 2> | 9 |
| direct access with a TID-list <NEXT TID> | 10 |
| check, whether qualification is satisfied | 11 |
----------- o
INSERT | insert a tuple according to storage | |
| structure 1. <INSERT 1> or | 12
| 2 <INSERT 2> | 13 |
| - determine in INDEX TABLE the available in- | |
| verted files and perform updates, | |
|  where applicable <INSERT TID> | 14 |
----------- S &
DELETE | delete a tuple according to storage | ]
| structure 1 <DELETE 1> or | 15
| 2 <DELETE 2> | 16 |
| determine in INDEX TABLE the available in- | |
| verted files and perform updates, | |
| where applicable <DELETE TID> | 17
+ + +

Table A-2: The algorithms of DBMS
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A four-step method yields a fragmentation of DBMS as shown in fig. A-2

(for details the reader is referred to [12]):

¢ Each program unit is defined a fragment. This leads to fragments 1
through 22.

® Each fragment with optional code is partitioned into subfragments that
enclose these pieces of code: in this way we obtain e.g. the
subfragments 1.1 through 1.6 of fragment 1 or the subfragments 4.2.1
and 4.2.2 of fragment 4.2, which itself is a subfragment. (Dots in the
fragment names indicate the nesting of fragments).
A fragment f may have subsets X(f), such that with the execution of f
exactly one fragment of X(f) is executed. Fragments with this property
are the X -~ fragments of f; the fragments that are optional
without any restriction are called the 0 - fragments off.
The sets of X-fragments of this example:

X(1) ={1.1,1.2,1.3, 1.4, 1.5, 1.6},

]
1l

X(4) = { 4.1, 4.2},  X(4.2)={ 4.2.1, 4.2.2} ,

il

X(5) ={5.1,5.21}, X(6) {6.1,6.21},

1l
]

X(8) ={ 8.1, 8.2}, X(10) {10.1 ,10.2 }

The O-fragments: 2.1 , 5.3 , 8.3 , 9.1 , 10.3

e After the definition of X- and O-fragments additional fragments are
introduced according to the following rules:

a) For each fragment f with statements that can be executed only when
subfragments of f are executed define fragments comprising these
statements.

b) For each fragment f with declarations of data objects that are

referenced only by statements of subfragments of f define fragments




PROCEDURE DBMS
LE (OP<1 OR OP>6)
THEN return
CASE OP OF
1: OPEN
2: CLOSE
3: FIND
L: GET
5: INSERT
6: DELETE
END
END
PROCEDURE OPEN
OPEN_RF
OPEN_IF
END
PROCEDURE FIND
USE INDEXES
evaluate INDEX_TABLE
STRTGY
return gss
END
PROCEDURE STRTGY
determine access=strategy and
set ACCESS_TYPE
CASE ACCESS_TYPE OF
1:

operation unknown'

AN EWN =

—

—_

build seq.search gss
2: BEGIN

2 CASE FILE_TYPE OF
2.1 1: calculate tid
2.2 20 0 0 e e e e
2.2 RETRIEVE_TID_LIST
2.2 v e e e e e
2 END
2 build direct-access gss
END
END
END
PROCEDURE GET
NEXT_TUPLE:
CASE ACCESS_TYPE OF
. NEXT_SEQ
1 Coe e
2: . . 0. .
.2 NEXT_TID
.2 e e e .
END
3 IF (qualifikation is not satisfied)
3 THEN GO TO NEXT_TUPLE
EN

D

PROCEDURE NEXT_SEQ

CASE FILE_TYPE OF
1

—_

next_1
2

END
END
PROCEDURE NEXT_TID

return next tid of tid=list
END

N

next_2

~NNNOONOCNONONONON TV T I IV R R EF T P e T R ST s Tl WWWWWWRNINMNN = = o o e b g

Fig. A-2: Fragmentation of the example system DBMS




8 PROCEDURE INSERT

8 CASE FILE_TYPE OF
8 1:

8.1 INSERT_1
8 2:

8.2 INSERT_2
8 END

8.3 INSERT_TID

8 END

9 PROCEDURE CLOSE

9 CLOSE_RF

9.1 CLOSE_IF

9 END

10 PROCEDURE DELETE
10 CASE FILE_TYPE OF
10 1:

10.1 DELETE_1
10 2:

10.2 DELETE_2
10 END

10.3 DELETE_TID

10 END

11 PROCEDURE OPEN_RF
11 e e e e e e

11 GET

11 .. e e

" END

12 PROCEDURE CLOSE_RF
12 D e e e e

12 EHQ

13 PROCEDURE OPEN_IF
13 USE INDEXES

13 . e e e

13 GET

13 e e e e e

13 END

14 PROCEDURE CLOSE_IF
14 USE [INDEXES

14 e e e e e e
14 END

15 PROCEDURE INSERT_1
15 e e e
15 END

16 PROCEDURE INSERT_2
16 e e e e e
16 EN

17 PROCEDURE DELETE_1
17 . AN

17 END

18 PROCEDURE DELETE_2
18 C e .
18 END

19 PROCEDURE INSERT_TID
19 USE INDEXES

19 . R .
19 _ﬂ_

20 PROCEDURE DELETE_TID
20 USE INDEXES

20 A e e e

20 END

21 PROCEDURE RETRIEVE_TID_LIST
21 e e e e e e
21 END

22 PACKAGE INDEXES
22.1 END INDEX_TABLE: ARRAY OF INTEGER
22 E

Fig. A~2: Fragmentation of the example system DBMS (continued)
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comprising these declarations.
c) For each global data object define a fragment comprising its
declaration.

In this way we obtain fragment 22.1.

The program lines that form fragment f (and thus also the subfragments of
f) are marked with the name of that fragment or one of its subfragment at
the left of the program text. E.g. the lines of code .of fig. A-2 with

"M, "M, ..., "1.6" belong to fragment 1.

A fragment f can be considered a list of substrings of the source program

and (sub)fragments fi#f; with each fragment is associated "substitute"

code (cf. [12]). The generation of the program of a partial system can

informally be described as follows:

Starting with the first fragment the relevance value of each fragment is

determined. In case a fragment is not relevant for t the substitute of

that fragment is appended to the program text produced so far (the empty

string is assumed as the initial value of the program to be generated);

otherwise the fragment is 'processed':

® if it is a substring of the source program, this string is appended to
the program text generated so far

® if it is a list of substrings and fragments the substrings are appended
to the program text generated so far, for each fragment as just
described the relevance value is determined, ..., etc.

(A formal treatment of this process is given in [12].)

Figure A-3 shows the program of partial system t ins. It is the result of
applying this procedure to the fragmentation of figure A-2 with the

relevance values p(t_ins,f) of appendix III.




PROCEDURE DBMS

LF (OP<1 OR OP>6)
THEN return

CASE OP OF

1 1: OPEN

2 2: CLOSE

5

operation unknown'

5: INSERT
END

END
PROCEDURE OPEN

OPEN_RF
END

PROCEDURE GET
NEXT_TUPLE:
CASE ACCESS_TYPE OF
Teooo. 00
1 NEXT_SEQ
1 e e e e e

29 v v e e e e
return 'illegal access-type'
END
.3 1F (qualifikation is not satisfied)
.3 THEN GO TO NEXT_TUPLE
END
PROCEDURE NEXT_SEQ
CASE FILE_TYPE OF
1:

next_1

N

* return 'storage structure not accessible'
EN

END

PROCEDURE INSERT
CASE FILE_TYPE OF

o

1:
1 INSERT_1
2:
# return 'storage structure not accessible'
END
END
PROCEDURE CLOSE
CLOSE_RF

*

*

END
PROCEDURE OPEN_RF

[

o

ET
END

PROCEDURE CLOSE_RF
D e
PROCEDURE INSERT_1

VIV NN = = = ad O 2000 FO QOO 00N LTIV 2UTVIVTTVIVIVUIN ENN =2 Fu S aa o
-

ek b ok ot ek d b el e e

m

N

Fig. A-3: The program of the partial system t_ ins
(**: marks substitute code, within program units only!)
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APPENDIX III: The fragments of DBMS and their relevances

With the characteristic set CF of section 4.2 the table below contains
for each fragment of the example system a characteristic representation
C(f) and the indices I(f) of these fragments according to section 7.

The rightmost column lists the relevance values pf(t_ins): t ins is the
partial system with the characteristic fragments 1.1, 1.2, 5.3, 6.1 and
8.1. Thus: p(t_ins,f)=1 <==> {1.1,1.2,5.3,6.1,8.1}*C(£)#@

<==> {1, 3,7, 8, 13}*I(f)#@
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APPENDIX IV: A Fragment System Analyser

This appendix describes FSA (Fragment System Analyser). FSA is a
conversational system that makes available dimplementations of the

algorithms of sections 4.2, 6 and 7.

FSA is written in PROLOG [21] using the IF/Prolog interpreter version 2.1

[22], it runs on a VAX 750 under VMS version 4.1.

The PROLOG programs implementing the various algorithms and the structure
of FSA are explained. The reader is assumed to have at least basic
knowledge of PROLOG (for an introduction to PROLOG see [21]). Excerpts
from a FSA-session are given, where FSA is applied to the fragment system

of the example system (appendix II or fig. 1).

1. PROLOG programs

1.1. Describing fragment systems in PROLOG

FSA must be presented the description of the fragment system to be
analyzed in form of a PROLOG program in a separate file. FSA consults
this file (predicate 'consult' [21]) in the course of initilization and
adds the clauses specifying the fragment system to the actual FSA

database.
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A fragment system (F,R,X,0,E,p) is specified for FSA as follows:

e for each f ¢ F there is exactly one fact 'fragment(f)'

e for each (f,g) & R there is exactly one fact 'edge(f,g)'

® mapping X is implemented as predicate 'x_fragments' with two arguments,
where the first argument is a fragment f € F and the second a list with
the elements of X(f)

® mapping O is implemented as predicate 'o_fragments' with two arguments,
where the first argument is a fragment f ¢ F and the second a list with
the elements of 0(f).

Remark: |

The set E of entry-fragments need not be specified explicitly, it is

determined by FSA (cf. consult-file fg general, below).

Example:

Fig. A-4 shows the PROLOG specification of the example fragment system of
section 2.2.

Note that here rules are employed to specify the fragments f & F
with X(£)=¢ and O0(f)=@, respectively. In principle also facts
'x_fragments(f,[])' and 'o_fragments(f,[])’ could have been used. The
scheme of fig. A-4 may be advantageous, if the PROLOG description of the
fragment system is to be generated automatically (by a program, which
provides a user-friendly interface, say) and not by manually editing of a

file.




fragment(“1°).
fragment(®1.17),
fragment(®1.2°).
fragment(“1.37).
fragment(“1.4°).
fragment(°1.5°).
fragment(“1.6%).
fragment(“2°).
fragment(®2.17).
fragment(”37).
fragment(“4°).
fragment(®4.1°).
fragment(“%.2%)a
fragment(“4.2.17).
fragment(©4.2+.2°)e
fragment(°57).
fragment(“5.17).
fragment(5+.2°).
fragment(®5.3%).
fragment(°67).
fragment(“6.1°).
fragment(°6.27)
fragment(°7°).
fragment(°8°).
fragment(“8.17).
fragment(°8.2%).
fragment(“8.3).
fragment(°37).
fragment(“9.1),
fragment(“10°).
fragment(“10.1°D.
fragment(“10.2°).
fragment( 10.37).
fragment(“11°).
fragment(“12°).
fragment(°13°).
fragment(®14°).,
fragment(“15°).
fragment(®16°).
fragment(°1l7 ).
fragment(“187).
fragment(“19°).
fragment(°20°).
fragment(21°).
fragment(”227).,
fragment( 22.1°).
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edge(”13°5,°22%).
edge( 1375 °57),
edge(”11°5°5°),

edge(“1.4°,°5°),
%
edge("57,°5.3"),
edgel“57,;,°5.1"),
edge(”5°y°5.27)
4
edge("5.17,°5°),
edge( 5.2°,°77).
2

2dge (673601
edge( 6°5°6.2°)-
b4
edge(“1.2°,°9°),
edge(”97,°12%).,
edge(“9°;°9.,1°),
edge(”9.1°3,°14°),
edge(“1474°22°),
4
edge(®1.3°,"3°),
2dge( 37,722 .

4 -4

3

edge("379747),
edge(4°3°4.1°),
edge(“4°57°4,2°),
edge('4-2','4-2-1').
pdgel("4e29402.2%).
edge(4.2.2°5°21°).
%

edge(“1.5°3°8").
adge(“8°,°8.1°),
edge(“87,°8.2°),
edge(“8°5,°8.3°).
adge(8.174°15°),
edge("B8.2°5°16°),
edge(“B.3"5°19°).

edge(”19°,°22°).
ES
edge(”17,°
edge(”17,
edge(”1°,°

4

9

b4

redge( 27972417 ).
edge(”2°4°117).

F4
edge(“2.174713°).

Fig. A-4: The PROLOG description of the example fragment system
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edge(“1.67,710" ).
edge(”“1075 710.17).
2adge( 1075 710.2"J-
edge(“10°5 71037 )
2dge(”10.175°17 )
edge(“10.2757137 ).
2dge( 10,375 720 ).
edge(“20°97227 2

4
edge(”22°
4

%2 mapping X3
x_fragments( 17,
x_fragments{( 4”7,
x_fragments( 4.2°5L
x_fragments(’57,
x_fragments( 67,
x_fragments(“87,
x_fragments( 107,
x_fragments(F,L[1) -
%

% mapping 032
o_fragments( 2~
o_fragments(”5”°
o_fragments(°8~

"22.1’)-

o_fragments(“9°,
o_fragmenits{“107,

o_fragments(FsLl) -~ F\="273F\="5",F\="8",F\="9373F\=

£71.17571.2"57103"971:4"3715%

[74.17574.271).
“%4e2e1757402271

£75:17575:271)5

[76175760271)

[78.17478.271).

[710.175710.27132-

F\='1',F\"4 sFN=74.2 3 F\=75

£79.171),
£710.371)-

,QF\:

'61

“107%.

‘1671

|F\='

8

"y F\="10"°

-'[8..
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1.2. Construction of set {: steps 1 and 2 of algorithm 1 (fig. A-5)

Predicate 'omega' constructs the set @ of the given fragment system, i.e.
omega implements steps 1 and 2 of algorithm 1:

each w ¢ Q with ROOT(w)=r and thus finally each w &€ @ corresponds a fact
'omega set(s,r)' of the database, where s 1is a list comprising the
fragments of w. The presence of the "dummy''-fact 'omega set([],dummy)' in
the FSA database indicates that § has been determined already, i.e.

predicate 'omega_set' is available.

Predicate 'omega 0' constructs Q(O) (implementation of step 1):

* 'rlsﬁpath(f,g,path)' succeeds if f and g are fragments and list path is
a Rl-path from f to g and path-{f} contains no S-fragment.
'rl set(f,s)' constructs in list s the Rl-set of fragment f (cf.
definition 5): by means of 'rls path' it collects all elements of R1(f)
that are accessible from f and adds f.

° for each of these Rl-sets a fact omega set(s,r) 1is added to the

database. They represent Q(O).

Predicate 'build omega' implements step 2:

°* 'sets to merge' implements the WHILE-condition, i.e. it succeeds, if
there are sets to be merged, and returns a pair (51,S2) of sets (with
their respective roots R1 and R2) for merging.

® merging of sets implies removal of the corresponding omega set-facts
and addition of a (single) new one.

e the recursive definition of 'build omega' is essential for the correct
implementation of the WHILE-loop: 'sets to merge' can succeed at most
once; it fails, when (1) there are no more sets to be merged or (2) an

attempt is made to resatisfy it in the course of backtracking.
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ris_path(F;G;LFsGlI) - edgel(FsGl,
not(x_fragment(Gl),
not{o_fragment{(Gl),
not(s_fragment{(Gl)). .

rls_path(F;GsLF|T1) - edgel{FsXJ;
not(x_fragment(Xl)l,
not{o_fragment{X)),
not(s_fragment{(X)3l,
ris_path{X:GsT)e

rl_set(FyLF]T1) —= findall{Xsrls_path(FsXsPlsT)s

omega_0(F,sS

) :- x_fragment(F), ril_set(FsSJ.
omega_0(F55)

p)

)]

o_fragment(F), ril_set(F,52.
- s_fragment{(F)y ri_set(FsSJ.
e_fragment(F)s ri_set(F3;5J.

omega_0C(FsS
omega_04{(FsS

s
|

omega_»0 asserta(omega_set(Tllsdummylls

fragment(F),

omega_0C(Fs58),

assertaomega_set(SsFlds

nls write(” Ri-set constructed: ")y write(3),
write(’ Root: “)s write(Fl,

fail.

omega_0D.

sets_to_merge(S1,R1,525R2) - omega_set(S1,R1), omega_set(S2,R2)5s S1N=82,
predecessor_chack(R2551).
predecessor_check(RsS) :t— predecessors{RyPredl; 1t
Pred=L_[T1, T\=L13,
subset(PredsS).

build_omega :— sets_to_merge(S1sR1,525R2),
retract(omega_set{S1,R1))s retract{omega_set(S2,R2)),
append(S1sS2sSnew)s; asserta(omega_set(SneuwsR1dD,
nly write(’ merging ")y write(S1), write(’ with “D)s write(S2),
build_omega.
build_omega 33— nl, write(” End of step 2: OMEGA constructed’).
omega :— omega_0,
build_omega.

- €9 =
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1.3. Construction of set CF: step 3 of algorithm 1 (fig. A-6)

Predicate 'char frags alg' determines the set CF of characteristic
fragments of a fragment system according to step 3 of algorithm 1.
Predicate 'omega set' must be defined (i.e. steps 1 and 2 of algorithm 1
must have been done; c¢f. predicate provide omega set of consult-file

fg general, below).

® 'omega_edge(f,g)' succeeds if (f,g) is an edge of graph GR.
Note that since the vertices of GQ are given with predicate 'omega set'
these two predicates constitute a PROLOG specification of graph Gf2.

e predicate 'xomega' implements the mapping XQ.

"xomega(f,s)' collects in list s all elements of the set XQ(f) by means

of predicate xomega el, the specification of the properties to be

satisfied by an element of XQ(f):

- no_omega dominator(f,g)' succeeds, if there is a path in graph GQ
from some entry-fragment to g such that f is not element of this
path; therefore: 'not no_omega_dominator(f,g)' succeeds, if each path
in GQ from E to g contains f.

- 'omega path check(f,g)' succeeds if either (f,g) is an edge of G or
there is in GR a path P from f to g, such that P-{f,g} contains
neither an X- nor an O-fragment

° 'cf_alg(f)' succeeds if f is a characteristic fragment, i.e. predicate

'cf alg' implements the characterization of the elements of CF

according to step 3 of algorithm 1.
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cf_alg(F) :- omega_s2t(_sFle FN\=dummy,
predecessors{fFsPredlscard(PredsN_pred)sN_pred=<1,
xomecal(Fsld)s

xomegal(FyS)

- findall(Xsxomega_el(FsX)sS5).

xomega_el(FsG) - omega_set{_sF)y
x_fragm2nt(G), omega_set(_3Gls
omega_path_check{(FsG),
not no_omega_dceminater(FsGl.

omega_path_check(FsG) ¢
omega_path_check{(F,6) 2

no_omega_dominator{_sE)
no_omega_dominator{F,G)

omega_edge(FsG).

omega_edge(XsG);

not x_fragment(X)s not o_fragment{Xl,
omega_path_chack(FsXd.

- e_fragment(E).
:— omega_edge(XeGls X\=Fy
no_omega_dominator{FsX)e.

omega_edgel{Fy,G) - omega_set(SsFls omega_set{(_sGls
edge{XeG)y, member{Xs;S).

char_frags_alg{(Char_fragments) -
provide_omega_set,
findall(Xscf_alg{X2dsChar_fragments).

_Sg_
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1.4. Construction of set CF according to corollary 3 (fig. A-7)

Predicate 'char frags cor' determines the set CF of characteristic
fragments of a fragment system as a subset of F according to corollary 3
(section 4.2.2). It collects (in list char fragments) the characteristic
elements of the fragment system by means of predicate 'cf_cor', which
implements the characterization of the -elements of CF according to

corollary 3.

'check_x_ frags(f,g)' (consult-file fg general, below) succeeds if
fragment g has X-fragments, i.e. X(g)#@¥, and each path G from E to g
contains f and (f=g or there is in G a Rl-path from f to g); therefore:
"not check_x_frags(f,g)' succeeds if there is no g ¢ F with X(g)#@ such
that holds: each path in G from E to g contains f and (f=g or there is

in G a Rl-path from f to g)

cf_cor(F) :- x_o_e_fragment(F), not check_x_frags(Fs_Je.

char_frags_cor(Char_fragments) - findall(Xycf_cor(X)sChar_fragments)e.

Fig. A-7: Construction of set CF according to corollary 3

(consult-file: fg c_set cor)
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1.5. Construction of CF-representations (fig. A-8)

'c(f,1)' constructs for fragment f in list 1 a CF-representation C(f) of

f: 1 is the CF-representation of the root-fragment of the fQ-set, which

contains f.

'cf_repr(f,l)' constructs for a fragment f, which must be the root of

some f-set, in list 1 a CF-representation C(f) of f.

e 'sucx(f,1)"' (consult-file fg general, below) collects for fragment f in
list 1 the elements of the set SUCX(f) of definition 6

e predicate 'cf repr':

- the first two 'Cf_repr' rules implement the construction of
CF-representations for X- ,0- and entry-fragments as described in
sections 6.1 and 6.2, in particular they implement algorithm 2.

- the third rule implements the construction of CF-representations for
S-fragments as described in section 6.3:

'cf_repr_sl' constructs CF-represents according to section 6.3.1;

'cf repr s2' constructs CF-represents according to section 6.3.2,
i.e. if |SUCX(f)|=0.

° 'union_cf_reprs(frags,l)' constructs for frags, which must be

instantiated to a 1list of X- 0O- or entry-fragments, in list 1 the

concatenation of CF-representations of the fragments of list frags.
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(xzdex 30

c(FylL) 22— fragment(F), provide_omega_sets
omega_se2t(S5sRo0t), member{(F;S), ! o
cf_repr(Rootel).

cf_repr(FesLFI) 2-

cf_repr(FslL) -

cf_repr(Ffyl) :
cf_repr_s{(FsL) 2
cf_repr_s{FsL) =
cf_repr_sl(FslL):-

cf_repr_s2(F,L):~-

x_o_e_Tfragment(F),

SUCX(F,E])' t .
x_o_e_fragment(F),

SUCX(F,X), X\=[]g i $
member{Ds;X)s x_froagments{(DeXd)s
union_cf_reprs{Xdsl).
cf_repr_s(FeslL).
cf_repr_sl(Fs;L).
cf_repr_s2(F,L).

s_fragment(F),

findall{Xs next_x_o_e_predecessor{Fs;X)s L_x_o_el)s I o
union_cf_reprs{L_x_o_eslL)s
s_fragment(F),

sucx(FsX)s XA\=L1,y, §
member{(CsX)s, x_fragments{D.Xd):
union_cf_reprs{XdsL).

_99_

union_cf_reprs{IXfragiXtaillel) - cf_repr(XfragsCfrepls

union_cf_reprs(XtailesCtail)d,
append(Cfrepsltailsl).

union_cf_reprs{Ll,LI).

next_x_o_e_predecessor{FsG) - predecessors(F;Pred),

member(XsPredd), x_o_e_predecessor{X;GJ.

x_o_e_predecessor{Xs;X) - x_o_e_*Ffragment(Xds; ! .

x_o_e_predecessor(XsY)

next_x_o_e_predecessor{XsY).
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1.6. Construction of constraints and restrictions (fig. A-=9)

The null-ary predicate 'constraints' constructs the inherent constraints

of the fragment system by adding predicate 'constraint' to the database.

The presence of the "dummy'-fact 'constraint(dummy,dummy,[dummy]))' in

the FSA database indicates that the inherent constraints have been

determined already, i.e. predicate 'constraint' is available.

Each constraint corresponds a fact 'constraint(t,f,1):

e a 'constraint(rcl,f,1)' represents a RCl-constraint:
if f is an X- , O- or entry-fragment with |SUCX(f)|>1, then the list 1
is the set SUCX(f); if f is an S-fragment a n d |SUCX(f)|>0, then
list 1 is the set SUCX(F).

°* a 'constraint(rc2,f,1)' represents a RC2-constraint:

f is an O-fragment and 1=[f,g] with g the predecessor of f in GQ.

The null-ary predicate 'restrictions' determines and diplays the inherent
restrictions of the fragment system according to Tl, T2 of section 7.
'restrictions' assumes that predicate 'constraint' is defined (i.e. that
the inherent constraints have been constructed).
® display of restrictions:
as a short form the Boolean expressions are output as lists of
characteristic fragments: a list of characteristic fragments stands for
the relevance expressions involving the relevances of that list;
instead of indices (cf. section 7) FSA displays the fragment names.
° 'append_all_cf_reprs(l,1reps)' compiles in list lreps all

CF-representations of the fragments of list 1.
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constraints = not provide_omega_set.
constraints i—- fragment(F); omega_set(_sF);
constraints(F),
fail.
constraints i— assertalconstraint(dummysdummypsLdummyl)).
constraints(F) t= x_e_ftragment(F),
rcl_constraint(F).
constraints(F) $— o_fragment(F),

omega_edge(XsF)y

assertalconstraint(rc2sFelFpX1))

rcl_constraint(F).
constrainis(f) i—= s_fragment(F),

sucx(FeX), X\=L1,

assertalconstraint{rclsFoX)).
constraints(F) = x_o_e_fragment(F).
constraints(F) i~ s5_fragment(F).
rci_constraint(F) - sucx(FeXDy

card(XeX1l)y X1D1,

assertalconstraint{rclsFeX)).

restrictions - x_o_e_fragment(F), constraint(rclyFslH|TI),
findall(Lhsc{HyLh)sH_reprs),
append_all_cf_reprs(TsT_reprsd,
cartesian_product(H_reprs,T_reprssPl,
write_boolean_exprs(equiveP),
fail.

restrictions :- s_fragment(F), constraint(rclsFsSucx),
findallCbLsct¥ _repr_si(F,L)sS1_reprs),
append_a2ll_cf_reprs(SucxsS2_reprs_0),
delete_list(S1l_reprseS2_reprs_0y52_reprs)y
cartesian_product(Sl_reprssS2_reprsyPls
write_boolean_exprs(aquiveP),
fail.

- o_fragment(F), constraint(rcl2sFs LHITI),
findall(Lhyc(HyLh)sH_reprs),
append_all_cf_reprs(T,T_reprs),
cartesian_product(H_reprssT_reprssPls
write_boolean_exprs(implyP)s
fail.

restrictions 2= nls write(” end of restrictions?).

&0

restrictions

append_all_cf_reprs(Li;[1).

append_all_cf_reprs(fHIT1sL) :—= findalllLbhs;c(HyLh)sH_reprsds
append_all_cf_reprs(T3T_reprs),
append(H_reprs,T_reprssilL).

Fig. A-9: Construction of constraints and restrictions
(consult file: fg_constraints)
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1.7. The general predicates

Fig. A-10 and fig. A-11 contain FSA-predicates, which are either of
general nature or are used in several of the programs of the preceding

sections.
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tab(N): definition of tab predicate

tab{N) - N>0s put(32)y M is N-1,; tab(Md.
nl{N) performs predicate nl N—-times
ni{i) - nl.

nl{N) - N>1, nl, M is N-1; nl{M).

subset(XsY) succeeds if: X is a subset of X {(cf. /ClocMel/)
subset(LAIXIsY) :— member{hsY)s; subset(Xs¥)e
subset(LlsY).

no_duplicates(Ll1,L2) constructs list L2 such that L2 contains the elements
no_duplicates{lLI,[]3.
no_duplicates{IH]|TIsL) 2~ no_duplicates(Telx)d,
insert_no_dupl{Hslxelle
insert_no_dupl(EsLslLe) 2- not member{(EsL)s append(LEJsLsled.
insert_no_dupl{EsLsLe) 2— member{Esl)s Le=L.

delete_all{(ElsL1,L2) constructs list L2 from list L1 by removing from L1
———— e ————————— all ocurrences of element El.
delete_all(_,[], LI

delete_all(El:fE1]Taill,L2) - 1 4, delete_all(El,TailsL2).

delete_zll(El,CLH|T1I,CHIT23) 3- delete_all(ElsT1,T2),

delete_list{(L1,L2+L) constructs list L by removing from list L2 all
———————————— elements of list L1,
delete_list{(LIsLsL)-

delete_list{LH[TIsL2,L) - delete_all(HsL25XDs

deleta_list{TsX:LJ®

of list L1 without duplicates.

- 76 -
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card(LsCard) succeeds if: L is a list:

—_———————————— Card is the cardinality (=length) of L
card(Lls0).

card{LHITls;Card) :- card(T,T_card), Card is T_card+l.

cartesian_product{l1,L2sC) succeeds if: list C is the Cartesian Product
—_——————————— e —— e —— e g f lists Lls L2s i.c. C is the list of pairs
(11,12 where 11 is element of L1 and 12 is
element of L2. (pairs are represented as lists)
cartesian_product(Lls_sLI1).
cartesian_product(LH|TIsLyL) 2- cartesian_product_1CHsLsX1)y
cartesian_product(Tels X2,
append{X1sX25Cl.
cartesian_product_1C(Elem,Ll1sLI).
cartesian_product_1(Elems[HITIsC) :— cartesian_product_1{ElemsTsX):
append{(L[ElemsHITIeX:sC)e

print_as_table(Max_items,ItemssList) outputs list List in form of a table
————————————————————————————————— with Max_items entries per rou
print_as_table(MslolsIsLHITI) - I<Ms writelH),
name(HsH1)scard(HlsH_length)s
Blanks is Col - H_length, tab{(Blanks),
X is I+1,
print_as_table(MsColsXeT).
- nly print_as_table(MsColylsld.
- nl.

print_as_table(M,ColsMsl)
print_as_table(_s_s_sLID

ae o8

read_word(W) reads from the current input stream. W is the string
-=—————=~——— of characters from the current position to the next

“terminating character”.

read_word(W) :- read_char_list(Chars),
namel{WsChars).

read_char_list{(Chars) :- get0({)s rest_char_list{(CsChars).
rest_char_list(C,L1) :- terminating_char{C), ! .
rest_char_list(C,LCjCharsl) :- read_char_list(Chars).
the terminating characters: <returnd
terminating_char{id).

...56_
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x_fragment(F) holds if F is a X-fragment

————— i ——— ———— o

x_fragment(F)D :- x_fragments(XsY)ymember(F,Y).

o_fragment(F) holds if F is an D-fragment

o_fragment(F) :- o_fragments(XsYdemember(F,Y).

crzate facts s_fragment(Fl): s_fragment(F) holds if F is a S—fragment

= edge(XsFlsedgel(YsFIl s X\=Y,
not clausa(s_fragment(F)struel;s; asserta(s_fragment(Fl), fail.

create facts e_fragment{(Fl: e_fragment{F) holds if f is an entry-fragment

- fragment(F);, not edge{(_sF)s assertale_fragment(Fl), fail.

x_o_e_fragment(F) succeedss if F is an X-y 0- or entry-fragment
x_o_e_fragment(F) :- x_fragment(Fl.

x_o_e_fragment(F) - ¢o_fragment(F).

x_o_e_fragment(F) - e_fragment(Fl.

x_e_fragment(F) succeedsy if F is an X— or D—-fragment
x_e_fragment(F) - x_fragment(F).

x_e_fragment(F) :— e_fragment(F).

..+76...
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no_dominator(F,6) succeeds if there is a path in greph G from some

———————————————— entry—-fragment such that F is not element of
this pathe.

- F\=Gy e_fragment(Gl.

- FA\=Gy 2dge(XsG)s no_dominator(FsXd.

no_dominator(Fs;G)
no_dominator{Fs;G)

°
°
L3
°

sucx(FslL) succeeds, 1if L is the set SUCXX(F) of definition 6
sucx{FsL) - findall(Xscheck_x_frags(FeXJplxd,
no_duplicates{lxyl),
check_x_frags(Fs5) succeedsy if fragment G has X—-fragments such that
————— e e e e sach path from set E to G contains F and
) (F=G or there is a Rl-path from F to G)

check_x_frags(F;G5) - x_fragments(Gsl_{_1),
not no_dominator{(FsGl,
sucx_check(FsGl.

_96_

sucx_check(F,G) succeeds if F=G or there is a Rl-path from fragment F to G

sucx_check{(Fy;F),

sucx_check(F;G) 22— not o_fragment(G)s not x_fragment{Gls,
edge(XsGls
sucx_check(FgXd.

rl_path(FsGsPath) succeeds if: list Path is a R1-Path from fragment F
—————————————— to fragment G
rl_path(FsGeL{F,G1d i~ edgelFsG)snot x_fragment(Glenot o_Ffragmentl(Gl.
rl_path(FsGeLF]TI) i— edge(FeX),

not{x_fragment(X)l)snot o_fragment(X)s
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predecessors(FsPred) succeeds if: list Pred is set of predecessors of
e ————————— e — —— fragment F.
predecessors{(F,;Pred) - findall({Xsedge(XsFlsPredd.

providé_omega_set: constructs OMEGA-set unless it exists already.

provide_omega_set :- clause(omega_set{_s_Js_Do

provide_omega_set 2— nly write(” set OMEGA being constructed®),
omega.

provide_constraints: constructs the inherent constraints unless
—————— e e e e e done already.
provide_constraints :— clause(constraint(dummy,dummy,ldummyllstruel.
provide_constraints :— constraints.

write_boolean_exprs(TyPl): prints the pairs [lsrl of list P as
———— e — — — implications 1 ==> r 1f T=impl
equivalences 1 <==> r if T=eqivw

write_boolean_exprs{_sL1).
write_boolean_exprs{Types[HITI) :— write_boolean_expr(TypesHls

write_boolean_exprs(TypesTl.
write_boolean_expr(equivsl[L1,L23)2~- nls

write(L1),

write(” <==> 7)),

write{l2).
write_boolean_expr{implsLL1,L23) - nl,

write(Ll),

write{”® ==> 7)),

write(L2).

_96_
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2. FSA-user interaction

FSA is an interactive system. Figures A-12, A-13 and A-14 show excerpts
from a FSA session, where the example fragment system (cf. fig. A-4) is
analyzed; cf. sections 6 and 7.

The remainder of this section lists the PROLOG program implemenfing the

FSA user interface.
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available FSA commands (class=1):

end 3
i H
2 H
3 H
4 H
5 H
6 s F
command

SA-logging

< 1

termination of FSA
determination of CF-representations

determination of the set of characteristic fragments
display set OMEGA

determination/display of the inherent constraints

determination of the inherent restrictions

determination of CF-representations

The Cf-representations for all fragments of the fragment systems

C(1) =
CC1.1)
C(i.2)
C(1.3)
C(1.4)
C(1.5)
C(1.6)
CC2) =
€CC2.1)
C(3) =
C(4) =
C(&.1)
C(4.2)
C(4.2.1
C(4.2.2
C(5) =
C(5) =
€C(5.1)
C(5.2)
€C(5.3)
C(é) =
CC6.1)
CC6.2)
c(71) =
C(8) =
€C(8.1)
C(8.2)
C(8.3)
C(9) =
C(9.1)
€(i0) =
€CC(10.1)
C(10.2)
C(10.3)
Ca11L)
cCi2d
cdi3)
C(14)
CC15)

o6 6w

£1e191c29%019402:154020291065801580231001910.21

[1.11
£i.213

Ci1.41
[B8.148.21

Li-11
= [2.11

£10-1910-.21

Ekol,l‘CZ.l".Z.Z]

[delsb02alpbelo2]
c4-1,4-2-1,4-2-2]

= [4o1]

2 (4alclpbela2]

) = [4.2.11
) = [4.2.2]

[201'1.1'1-4]
C6:1960295.21]

[6elpb6.2]
[5.21
£5.31]
6.156.21
£6.11
[6.21
[5.21
rg.1,8.21
£8.11
£8.213
[B8-31
1.21
[9.11
(10.1410.21
[10.11
£10.21
£i0.31
£1.13
[i.23
[2.13
£9.11
£8.13

ionon

[ B ]

(LI O I 1]

[H I ]

u

C(16)
ca1md
cC18)
CC19)
€C20)
€cC21)
c(22>
€C22.1)

L L | O O

£8.213

£10.13

£i10.21

[8.31]

£10.31

£[4.2.21
£2:199c1pb0lpbalolsbe2s29823910.31

= [2.199.1.4.1'4.2.1.4.2-298-3'10-3]

Fig. A-12: Determination of CF-representations
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available FSA commands (class=1):

®
b
o

@8 Qo0 €&

€8 @8 e B¢

S W IN e

termination of FSA

determination of CF-representations

determination of the set of characteristic fragments
display set OMEGA

determination/display of the inherent constraints
determination of the inherent restrictions
FSA-logging

commands 2

available FSA commands (class=2):

end H
1
2

s G2 @&

termination of FSA
The characteristic fragments according to COROLLARY 3:
The characteristic fragments according to ALGORITHM 1:

command: 1

the characteristic set according to COROLLARY 32

°2

00 O &N =
L]
W NN -

1.2 1.4 4ol bolal
502 6.1 6.2 8.1
10.1 10.2 201 5.3
9.1 10.3

Fig. A-13: Determination of characteristic set
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available FSA commands (class=1):2

end ¢ termination of FSA

1 2 determination of CF-representations

2 : determination of the set of characteristic fragments
3 2 display set OMEGA

4 : determination/display of the inherent constraints

5 : determination of the inherent restrictions

6 2 FSA-logging

commands 5

the inherent restrictions:
CZ.l,l-lyl-‘t] (==> t6.1§602'5-2]

£2.131 ==> [1l.11]

[5.31 ==> [2.151.1p1.%41
£5.3] ==> [6olpbelp5.21
£8.3] ==> (Balp8.2]
£9.13 ==> [1.2]

£10.31 ==> [10.1510.21]

end of restrictions

- available FSA commands (class=1):

end ¢ termination of FSA

1 : determination of CF-representations

2 : determination of the set of characteristic fragments
3 ¢ display set OMEGA

% 2 determination/display of the inherent constraints

5 5 determination of the inherent restrictions

6 ¢ FSA-logging

command: end

Fig. A-14: Determination of inherent restrictions




90BFIOJUT IOsN Y9I :GT-V '8T4

action{emnd{“end” ),
class(0),

expl{ tarmination of FSA47)3J.

actionC(cmnd{“end);
class(1ds

expl( termination of FSA)).

action{cmnd{“end ),
class{(2)

expl{termination of FSAT)).

action{cmnd{ end”’),
class(3),

expl(“termination of FSA“)).

action{cmnd{ init ),
class(Q)s
expl{initialization“)).
action(emnd(°17);
class(1l),

expl( determination of CF-representations’)l.

action{cmnd(®27),
class(1l)s
expl{ determination of ths
% subcommands:
actionC(emnd( 1),
class{(2),
expl{“The characteristic
action{ecmnd(727),
class(2),
expl(°The characteristic
%
actionCcmnd( 37D,
class(1),
expl{“display set OMEGA"ID.
P4
action{cmnd( 47D,
class(1)s

set of characteristic fragments“ll.

fragments

fragments

according to COROLLARY 3:7)).

according to ALGORITHM 1:7)).

expl( determination/display of the inherent constraints’)).

4
action{cmnd(°5 ),
class(1),

expl{determination of the inherent restrictions’)).

%

- 10T =
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action{cmnd( 67 ),
class(0),
expl(°FSA-logging“l)).
action{cmnd( 67},
class(1), ‘
expl(°FSA-loggingl)).
Z subcommandss
action(cmnd("17),
class(3),
expl(“logging on (log_file: fsa_log)”)).
action{cmnd( 727,
class(3)s
expl(“logging off“J).

as g8 &

- consult(p_programs)s,
nls write(°\f ), tab(35),
write{” F S A "2 nl(2), tab(1i0d,
write(“A PROLOG implemention of algorithms related to
nls; tab(25)y write{ programmed by Franz J. Polster),
nl{2), write(° to proceed enter: run. £, ni(2J.

%

action_class(0).

%
Z o i eio il inmms il foemliirepeem et i+ il ool il il e il iiiesfprmeeiirno i i~ eiioms ol -l rnedie
run :— repeat,
prompt_for_action{(Class),
read_action{Clmnd),
execute(CmndsClass)y
fail.
z R I T N I T I T S S S S S S T T SRS S S S T TS S s ZmEmsSD=ZmzmDz=Z=zZzD=m==Z==m== =
4
%

execute(Cmnds;Class) -
clause(logging_onstruel,
tell(fsa_logl,
perform_action(CmndsClass)y
tellCuserd)s, ! .
execute(Cmnd;Lllass) - perform_action{({mndy,Class).

fragment systems” )

- Z0T -
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prompt_for_action(l1l

write_menue({lass):—

write_menue(Cllass):—

write_menuel(_) :
write_cmnd{(Cmnd) 3-

build_list{(Xel) 3-
build_list(X,L) 2
%

%
read_action(X)
read_log(X)

88 @8

read_log{_Je
%

ass) :— action_class(Class),
: write_menuel(llass),
n1{2)s write{” enter command: 7D,
nl{3)s write(“available FSA commands)s
action_class(Llass),
write(”® (class="dsurite{Classl,urite(”3:2,
action{cmnd{Cmnd)sclass{Class)sexpl{Textl),
write_cmnd{(Cmnd), write(Textd,
fail.
clause(logging_onstrued,
tell(fsa_logd,
nl(3), write(°\f available FSA commands Jl,
action_class(Class)s
wurite(” (class="Ddsurite(llassiyurite(”3:7),
action{cmnd(Cmnd)sclass{Class)rexnl(Textl)),s
write_cmnd{(Cmndl), write(Text),
fail.
tell{user).
nlsurite(Cmndl,
build_list(CandsX)s card(X;Cmnd_lengthls
X_blanks is S—-Cmnd_length,
tab(X_blanks)s write(®: 7).
name{XsL).
number{(XsL).

read_word(X); read_log{X)s ! =«
clause(logging_onstruel,

tell(fsa_logls

nl{2)s write(” command: “J; writelX)s nl(2l,
tell(user).

- €01 -




(*3uo0o) edeBFI8UT I°®SN YSI :ST-V 'S14

perform_action{init,0) :

nly write(” initialization:®),
nl,; write(® enter name of file with the specification of fragment system: ),

read_word(Fl)escall(co
consult{fg_generald,

nsult(Fld,

consult(fg_ocmega_setsls

consult(cf_reprl,

consult(fg_char_frags),
consult(fg_c_set_cord;
consult{fg_constraints),

new_action_class(1l);,

nly, write(® end of initializaticen®)s nl(2), ! .

4
perform_action(“17,1) :

conversation(lelsfF) -

conversation(lslsF) 2-
cf_representation(F) :

cf_representation(_) :-

cf_representation{(_ .
write_reprs{FsCH]TI) =-

write_reprs{_sLI).
4

- nls write( determination of CF-representations’),

conversation(ls1,;F),

cf_representation(F), ! .

telling{(X), X\=users; telldluser),

nls write(“enter fragment name: “); read_word{(F); nl,s
tell{XD.

nly, write{“enter fragment name: 7))y read_word(F), nl.
fragment(F),

findall(L,c(Fesl)sl_reprsd,

nl(2)s write("The CF-rapresentations:’)s
write_reprs{(F,L_reprsd.

nid2),

write(”® The Cf-representations for all fragments ),
write(” of the fragment system: ), nl(2)s
fragment(X),

findall(Lsc(XsLl)el_reprsds

wurite_reprs(X,L_reprs),

fail.

nly write(” CCJourite(Flyurite(”) = “)s writelH),
write_reprs(FsT).

- 90T -
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perform_actiorn(”2°,1)

74 5

perform_action("17,2)

o>
F4
perform_action("2742)

%
perform_action{"3°7,1)

urite_omegas

write_omagas

o8

perform_action{ 46741)

wurite_constraints

write_constraints

write_constraints

°
S

3

°
Y

°
2

-
=

LX)

LY}

-new_action_class{2), | .

- nl,; write( "the characteristic set ),
arita2{” according to COROLLARY 3:7),

nl,

char_frags_cor{Char_fragments),

print_as_table(55E8+5sChnar_fragments);

new_action_class{l); 1 .

- nly write{“the characteristic set)s

write(” according to ALGORITHM 1 (step 32272,
nl,
urite(“(Very time—consuming! Have a coffee break!) ),
nl,
char_frags_alg(Char_fragments),
print_as_table(55%9:5sChar_fracments),
new_action_class{l)s !t .

- provide_omega_sets

nly; write(” The eclements of set IMEGAZ "),
write_omegas,; ! .

omega_set{XsR)s RN=dumnys

nly tab(ildsuritelX)s tab{(5), writel{ root is: ),
write2{R),

fail.

nl{2); write(” end of set OMEGA ).

- ﬂl(Z);

write(” the inherent constraints: ),
provide_constraints,
write_constraints, 1 .
constraint{rclsFel)s
urite_bhoolean_exprs{equiv,LLCFIsLIT),
fail.

constraintl{rc2;F;LFsGI)y
urite_boolean_exprs(impl,CLCFILLGII3),
fail.

nlewrite(® end of constraints” ).

- S0T
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perform_action{(“57,1)

perform_action{(“57,:1) - nld2),

write(® the inherent restrictions: )y

provide_constraintss

restrictions, ! .
4
perform_action(767,0)

068 65 ab

perform_action{“1°,3) - assertallogging_on),
old_action_class{C),
new_action_class{(C),

- old_action_class{C);
new_action_class(C),
tellluser);

retract(logging_onJ.

o8

perform_action{“27,3)

7
perform_action{end,y,1)s- perform_action{end,0).
perform_actionlends2):~ perform_action{end,0).
perform_action(ends3):— perform_action(end,0l.
perform_action{end,;0):-

nl{3), tab(10J,

write(®e n d o f
nl1{3),
tell(fsa_log)s tolds
ende.

%

perform_action(debugs_) = ! , debug.

perform_action(nodebug;y_2) - ! s nodebug.

- assertalold_action_class{0)), neuw_action_class(3),
- asserta(old_action_class{l))y new_action_class(3),

retract{old_action_class(_J)D,
LIS
retract{old_action_class{(_)),

F S A7)y

perform_action(X,_)D = nly write{“command “JyuritelXd,
write(” unknown or not allowed® ).

%
%

new_action_class{Class) - retract(action_class(_))s
assertalaction_class(Class)).

- 90T -
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